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Part 4
Intensity Transformations and 

Histogram Processing

It makes all the difference whether one sees darkness through the light 
or brightness through the shadows. ~David Lindsay



Outline
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3. Intensity Transformations and  Spatial 
Filtering
►Some Basic Intensity Transformation Functions

►Histogram Processing

►Fundamentals of Spatial Filtering

►Smoothing Spatial Filters

►Sharpening Spatial Filters

►Combining Spatial Enhancement Methods

►Using Fuzzy Techniques for Intensity 
Transformations and Spatial Filtering



Spatial Domain Process
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- The two basic categories of spatial processing are 
intensity transformations and spatial filtering.

- Intensity transformations are applied to a single 
pixel of the image for contrast enhancement and 
image thresholding.

- Spatial filtering handles processes such as 
sharpening by processing in the neighborhood of 
each pixel in the image.



Spatial Domain Process
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( , ) [ ( , )])

( , ) : input image

( , ) : output image

: an operator on  defined over 

     a neighborhood of point ( , )
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Image plane itself, directly process the intensity 
values of the image plane 



Spatial Domain Process
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Spatial Domain Process
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Intensity transformation function

             ( )s T r=



Some Basic Intensity Transformation Functions
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Image Negatives
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Image negatives

1s L r= − −

Intensity values are 

between [0 L-1].



Example: Image Negatives
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Small 
lesion



Log Transformations
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Log Transformations

log(1 )s c r= +

c is constant and 

r>=0.

It transmits a narrow 
range of low intensity 
values at the input to 
a wider output level 
range.



Example: Log Transformations
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Power-Law (Gamma) Transformations
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s cr=

positive 
constants



Example: Gamma Transformations
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Example: Gamma Transformations
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Cathode ray tube (CRT) 
devices have an 
intensity-to-voltage 
response that is a power 
function, with 
exponents varying from 
approximately 1.8 to 2.5

1/2.5s r=



Example: Gamma Transformations

15



Example: Gamma Transformations

16



Piecewise-Linear Transformations
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►Contrast Stretching
Expands the range of intensity levels in an image so that 
it spans the full intensity range of the recording medium 
or display device.

►Intensity-level Slicing
Highlighting a specific range of intensities in an image.
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Contrast Stretching
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Highlight the major blood 
vessels and study the 
shape of the flow of the 
contrast medium (to detect 
blockages, etc.)

Measuring the actual flow 
of the contrast medium as 
a function of time in a 
series of images

Intensity-level Slicing



Bit-plane Slicing
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Bit-plane Slicing
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Bit-plane Slicing
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What is Histogram?

►It is a graphical representation of the distribution 
of the gray values in the image.

►The X axis shows the gray values (reflection values) 
in the image, while the Y axis shows the total 
number of pixels in that gray value.

►As you move to the left (closer to the origin) on 
the X-axis, the pixels of darker and black areas are 
represented.

►The middle parts of the histogram on the X-axis 
represent the gray areas of moderate darkness, 
and the left extreme sides represent the white 
area with plenty of light.



Histogram Processing
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Histogram    ( )

 is the  intensity value 
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Histogram Processing
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Histogram    ( )

 is the  intensity value 

 is the number of pixels in the image with intensity  
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Consult the book 
Web site for a brief 
review of probability 
theory.
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Histogram tells us about the contrast of the image.

Histogram Processing



Histogram Equalization
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The intensity levels in an image may be viewed as 

random variables in the interval [0, L-1]. 

Let ( ) and ( ) denote the probability density 

function (PDF) of random variables  and .

r sp r p s

r s



Histogram Equalization
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( )     0 1s T r r L=   −

.   T(r) is a strictly monotonically increasing function

      in the interval 0 -1;

.   0 ( ) -1   for   0 -1.

a

r L

b T r L r L

 

   



Histogram Equalization
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.   T(r) is a strictly monotonically increasing function

      in the interval 0 -1;

.   0 ( ) -1   for   0 -1.

a

r L

b T r L r L

 

   

( )     0 1s T r r L=   −

( ) is continuous and differentiable.T r

( ) ( )s rp s ds p r dr=



Example: Histogram Equalization
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Suppose that a 3-bit image (L=8) of size 64 × 64 pixels (MN = 4096) has the 
intensity distribution shown in following table. 
Get the histogram equalization transformation function and give the ps(sk) 
for each sk.



Example: Histogram Equalization
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0

0 0

0

( ) 7 ( ) 7 0.19 1.33r j

j

s T r p r
=

= = =  = 1→

1

1 1

0

( ) 7 ( ) 7 (0.19 0.25) 3.08r j

j

s T r p r
=

= = =  + = 3→

2 3

4 5

6 7

4.55  5            5.67  6  

6.23  6            6.65  7  

6.86  7            7.00 7     
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Example: Histogram Equalization
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Histogram Equalization
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► Consider an image whose pixel values are limited to only a certain 
range of values.

► For example, in a brighter image all pixels will be limited to higher 
values.

► But a good image should have pixels from all regions of the image.

► So, you need to stretch this histogram to both ends and that's what 
Histogram Equalization does.

► This normally improves the contrast of the image.



Histogram Equalization
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import numpy as np

import cv2 as cv

from matplotlib import pyplot as plt

img = cv.imread('wiki.jpg',0)

hist,bins = np.histogram(img.flatten(),256,[0,256])

cdf = hist.cumsum()

cdf_normalized = cdf * float(hist.max()) / cdf.max()

plt.plot(cdf_normalized, color = 'b')

plt.hist(img.flatten(),256,[0,256], color = 'r')

plt.xlim([0,256])

plt.legend(('cdf','histogram'), loc = 'upper left')

plt.show()

https://docs.opencv.org/4.x/d4/da8/group__imgcodecs.html#ga288b8b3da0892bd651fce07b3bbd3a56


Örnek: Histogram Equalization
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img = cv.imread('wiki.jpg',0)

equ = cv.equalizeHist(img)

res = np.hstack((img,equ)) #stacking images side-by-side

cv.imwrite('res.png',res)

https://docs.opencv.org/4.x/d4/da8/group__imgcodecs.html#ga288b8b3da0892bd651fce07b3bbd3a56
https://docs.opencv.org/4.x/d6/dc7/group__imgproc__hist.html#ga7e54091f0c937d49bf84152a16f76d6e
https://docs.opencv.org/4.x/d4/da8/group__imgcodecs.html#gabbc7ef1aa2edfaa87772f1202d67e0ce
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İşleme ve Uygulamaları, Nobel Akademik Yayıncılık

https://docs.opencv.org/

