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❑ Also called point operation

❑ Zero-memory operation

➢ Map a given gray level to another level

typically, monotonically

increasing (but not always)

➢ Intensity transformation

Dr/ Ayman Soliman

𝑠 = 𝑇(𝑟)
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Intensity Histogram

Dr/ Ayman Soliman
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➢ Intensity Histogram
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• Example

a 4x4, 4bits/pixel image→



4/22/2021 6

From [Gonzalez & Woods]

➢ Intensity Histogram

Dr/ Ayman Soliman
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From [Gonzalez & Woods]

➢ Intensity Histogram

Dr/ Ayman Soliman
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Fixed Intensity Transformations

Dr/ Ayman Soliman
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➢ Basic Transformations
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From [Gonzalez & Woods]

𝑠 = 𝐿 − 1 − 𝑟

𝑠 = 𝑐 log( 1 + 𝑟)

𝑠 = 𝑐𝑟𝛾

Negative:

Log:

Power-law:

𝑠 = 𝑒𝑐𝑟 − 1

Inverse Log:

……
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➢ Negative Transformation
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From [Gonzalez & Woods]

𝑠 = 𝐿 − 1 − 𝑟
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➢ Log Transformation
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From [Gonzalez & Woods]
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➢ Power-law (Gamma) Transformation

Dr/ Ayman Soliman

From [Gonzalez & Woods]

𝑠 = 𝑐𝑟𝛾
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➢ Power-law (Gamma) Transformation
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From [Gonzalez & Woods]

𝑠 = 𝑐𝑟𝛾
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➢ Power-law (Gamma) Transformation
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From [Gonzalez & Woods]

𝑠 = 𝑐𝑟𝛾
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➢ Thresholding

Dr/ Ayman Soliman

𝑠 = ቊ
0 𝑖𝑓𝑟 ≤ 𝑚
𝑐 𝑖𝑓𝑟 > 𝑚

m : threshold
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➢ Example: Fixed Intensity Transformation
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1

3

8

6

6

8

6

11

8

10

8

9

9

7

10

10

𝑠 = 𝑇(𝑟) = 𝑟𝑜𝑢𝑛𝑑
1

15
𝑟2

• A 4x4, 4bits/pixel image passes through

an intensity transformation
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1→ round(0.0667) = 0;

3→ round(0.6) = 1;

6→ round(2.4) = 2;

7→ round(3.2667) = 3;

8→ round(4.2667) = 4;

9→ round(5.4) =5;

10→ round(6.6667) = 7;

11→ round(8.0667) = 8;

The resulting image is:
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➢ Example: Histogram Change
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Contrast Stretch

Dr/ Ayman Soliman
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➢ General Idea: Make Best Use of the Dynamic Range
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➢ Contrast Stretch

Dr/ Ayman Soliman

𝑠 = (2𝐵 − 1) ⋅
𝑟 − 𝑟min

𝑟max − 𝑟min

𝑠 =

𝑠1
𝑟1
⋅ 𝑟 0 ≤ 𝑟 < 𝑟1

𝑠2 − 𝑠1
𝑟2 − 𝑟1

⋅ 𝑟 +
𝑠1𝑟2 − 𝑠2𝑟1
𝑟2 − 𝑟1

𝑟1 ≤ 𝑟 ≤ 𝑟2

2𝐵 − 1 − 𝑠2
2𝐵 − 1 − 𝑟2

⋅ 𝑟 + (2𝐵 − 1) ⋅
𝑠2 − 𝑟2

2𝐵 − 1 − 𝑟2
𝑟2 < 𝑟 ≤ 2𝐵 − 1

𝑟2 = 𝑟max

General form:

Special case→ Full-scale contrast stretch:

𝑟1 = 𝑟min

𝑠2 = 2𝐵 − 1

𝑠1 = 0

𝑠 = 𝑟𝑜𝑢𝑛𝑑 (2𝐵 − 1) ⋅
𝑟 − 𝑟min

𝑟max − 𝑟min
Typically used:
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➢ Example: Full-Scale Contrast Stretch

Dr/ Ayman Soliman
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• Full-scale contrast stretch of a 4x4,
4bits/pixel image

• Find when 𝑟max=11 2𝐵 − 1 = 15

𝑠 = 𝑟𝑜𝑢𝑛𝑑 (2𝐵 − 1) ⋅
𝑟 − 𝑟min

𝑟minmax() 15 ⋅
𝑟 − 4
11 − 4

15
7 (𝑟 − 4)

4→ round(0) = 0;

6→ round(4.29) = 4;

7→ round(6.43) = 6;

8→ round(8.57) = 9;

9→ round(10.71) = 11;

10→ round(12.86) = 13;

11→ round(15) = 15;

The resulting image is:
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➢ Example: Histogram Change
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Histogram Equalization

Dr/ Ayman Soliman



4/22/2021 24

➢ Histogram Equalization

Dr/ Ayman Soliman

From [Gonzalez & Woods]
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➢ Histogram Equalization
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From [Gonzalez & Woods]
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➢ Example
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• A 4x4, 4bits/pixel image

• First try full-scale contrast stretch 𝑟max=11

𝑠 = 𝑟𝑜𝑢𝑛𝑑 (2𝐵 − 1) ⋅
𝑟 − 𝑟min

𝑟minmax() 15 ⋅
𝑟 − 2
11 − 2

5
3 (𝑟 − 2)

2→ round(0) = 0;

3→ round(1.67) = 2;

8→ round(10.00) = 10;

9→ round(11.67) = 12;

10→ round(13.33) = 13;

11→ round(15) = 15;

The resulting image is:
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➢ Example: Histogram Change
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➢ Cumulative Histogram
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➢ Intermediate Image
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➢ Full-Scale Contrast Stretch of Intermediate Image
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𝑟max=16

2→ round(0) = 0;

6→ round(4.29) = 4;

9→ round(7.50) = 8;

12→ round(10.71) = 11;

14→ round(12.86) = 13;

16→ round(15) = 15;

result:

histogram equalized image

intermediate image

𝑠 = 𝑟𝑜𝑢𝑛𝑑 (2𝐵 − 1) ⋅
𝑟−𝑟min

𝑟max− 𝑟min
= round 15 ⋅

𝑟−2

16−2
= round 

15

14
(𝑟 − 2)
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➢ Histogram Comparison
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➢ Summary of the Histogram Equalization Algorithm
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original image

histogram H(k)

cumulative histogram Q(k)

intermediate image

full-scale contrast stretch

histogram-equalized image
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