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Image Histogram

The histogram of an image records the frequency distribution of gray levels in

the image. The histogram of an 8-bit image, can be thought of as a table
with 256 entries, or “bins”, indexed from 0 to 255. in bin 0 we record the
number of times a gray level of 0 occurs; in bin 1 we record the number of
times a gray level of 1 occurs, and so on, up to bin 255.

One of the principle uses of the
histogram is In the selection of
threshold parameter. Closely related to
the histogram of an image s _it’s
cumulative histogram, which record
the cumulative frequency distribution
of gray levels in an image
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The cumulative frequency of a gray levels, I, is the number of times that
gray level less than or equal to | occurs in an image. Cumulative frequencies,
Ci, ar computed from histogram counts, hi, using

Cj — Zj:o hi



Properties of histogram

We can normalize a histogram by dividing the counts in each bin by the total
number of pixels in the image associated with that histogram. This gave us a
table of estimated probabilities. i.e. probability density function (pdf) of the
Image .

A normalized histogram can be mathematically defined as

D(I’k) = nk/n Gray nk p(rk)

Level (rk)
where n is the total number of pixels in the 0 1120 0.068
Image and p(rk) is the probability (percentage) of 1 3214 0.196
the kth gray level (rk). 2 4850 0296
3 3425 0.209
Table below shows the pixel counts for a : 199 | 01z
hypothetical image containing 128x128 pixels, ° 784 0.048
with eight gray levels. 6 541 0.033
7 455 0.028
total 16.384 1.000




L When an image is condensed into a histogram, all

0.35

0.3

spatial information is discarded.

0.251

0.21

[ The histogram specifies the number of pixels

having each gray level but gives no hint as to where

those pixels are located within the image.

O Such operations as moving objects around within

an image typically have no effect on the histogram.



Type of histogram

You can get a general idea of the brightness of an image by looking at the
histogram and observing the spatial distribution of the values

1. If the histogram values are
concentrated toward the left, the
Image is darker .

concentrated toward the right, the

2. If the histogram values are |T- 5 w0 L
% RN |

Image is lighter . i

age is lighte - , _

-

Low-contrast image

3. A histogram in which the pixel counts
that are restricted to a smaller range
indicate low contrast.

4. A histogram in which the pixel counts
evenly cover a broad range of
grayscale levels indicates an image
with good contrast .




Applications of Histogram

1. Thresholding

A grayscale image can be converted into a
black-and-white image by choosing a
threshold and converting all values above the
threshold to the maximum intensity and all
values below the threshold to the minimum
Intensity. A histogram is a convenient means
of identifying an appropriate threshold.

2. Image Enhancement

Image enhancement refers to the process of
transforming an image so as to make it more
visually appealing or to facilitate further
analysis. An image histogram can help us to
quickly identify processing operations that
are appropriate for a particular image.
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Histogram Modifications

The gray level histogram of an image is the distribution of the gray level in an
Image.

The histogram can be modified by
mapping functions, which will

1. Stretch, -—
2. Shrink (compress),
3. Slide the histogram
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a. Histogram siretch.

Figure below illustrates a graphical
representation of histogram stretch, ==
shrink and slide.
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b. Histogram shrink.
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c. Histogram slide.




1. Stretch histogram
The mapping function for histogram stretch can be found by the following

equation: ' [(r)-1(rc) .
L TMAX-MIN + MOV
lire)

[{rc) .
Where: I(r, ¢) max is the largest gray- level in the image I(r, ¢).

Stretch (11, ¢)) =

IMax min |

I(r, ¢c) min is the smallest gray- level in the image I(r, ¢).

max and min the maximum and minimum gray — level values

possible (for an 8-bit image these are 255 and 0).

O This equation will take an image and stretch |
the histogram a cross the entire gray-level range
which has the effect of increasing the contrast of a

low contrast image of histogram stretching.

Low-contrast image Histogram of low-contrast ig\ge



2. Shrink (compress)

The opposite of a histogram stretch is a histogram shrink, used to decrease
Image contrast by compressing the gray levels. The mapping function for a
histogram shrinking can be found by the following equation:

xamKnirhS — pimknirh$

Shrink (I(r,c)) = I, ©max — I, ©)min

[I(r,c) — I(1,C) im ] + Shrink ,;,,

Where : Shrink .., and shrink ., correspond
to the maximum and minimum desired in the
compressed histogram.

) ) Original image Histogram of original image
In general, this process produces an image

of reduced contrast and may not seem to
be useful an image enhancement.

Image after histogram shrink  Histogram of th‘f Gnage



3. Slide the histogram

The histogram slide techniques can be used to make an image either darker or
lighter but retain the relationship between gray-level values.

This can be a accomplished by simply adding or subtracting a fixed number
for all the gray-level values, as follows:

Slide (I(r,c)) = [I(r,c)] + OFFSET

Where: OFFSET values is the amount to
slide the histogram.

In this equation, a positive OFFSET
value will increase the overall brightness;
where as a negative OFFSET will create
a darker 1image, figure below shows
histogram sliding

Original image Histogram of original image

Image after positive-value Histogram of image after sliding

11



Histogram Modifications

Example :
Suppose you have the following sub of image. Perform the following operation
1. Stretch histogram. 7 1 19
2. Shrink (compress) histogram
3. Slide the histogram 111 9
10 | 5

Where: Image with 6 bit for each pixel
Shrink,, =30, Shrink.;,=10
OFFSET values = 50

Solution :

1. Stretch histogram
1(rC)max =12 , 1(r0)min=1 ,Max=63 ,Min=0

I(r,c)— I(F’C)min
| MAX-MIN| + MIN, 34.36
10, max =156) iy

I(r,¢) = ((7-1)/(12-1) ) * (63-0)+0
= (6/11)*63 = 34.36

Stretch (I (r, ¢)) =

12



2. Shrink histogram
1(r,C)max = 12,
Shrink,,,., =30,

I(rvc)min - 1’
Shrink,, =10

Shrink,qx — Shrink,in
I(r,¢) xam— I(T, O)nim
I(r,c)=((30-10)/ (12-1)) * (7 - 1) + 10
10+ 6%(20/11) = 20.86 =

knirhS (r(1,¢)) =

.3Slide the histogram
OFFSET values = 50

Slide (I(r,c)) = [I(r,c)] + OFFSET

I(r,c)=7+50
=57
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Histogram Equalization

« Is a popular technique for improving the appearance of a poor image.

It's a function is similar to that of a histogram stretch but often provides

more visually pleasing results a cross a wide rang of images.

« Histogram equalization is a technigue where the histogram of the
resultant image is as flat as possible (with histogram stretching the overall
shape of the histogram remains the same)

The results in a histogram with a mountain grouped closely together to
""'spreading or flatting histogram makes the dark pixels appear darker and
the light pixels appear lighter

The histogram equalization process for digital images consists of four steps:

1. Find the running sum of the histogram values

2. Normalize the values from stepl by dividing by total number of pixels.

3. Multiply the values from step2 by the maximum gray level value and
round.

4. Map the gray-level values to the results from step 3, using a one-to-one

correspondence. »



Example- :
We have an image with 3 bit /pixel, so the possible range of valuesis0to.7

We have an image with the following histogram
Image Histogram

Graylevelvalue | 0 [ 1| 2 | 3 | 4| 5| 6 | 7 15
No.ofPixel 4151 gl g | o |1a| 1|52 10
histogram value m No. of
> Pixel
0
76543210
Answer:
Step :1

Great a running sum of histogram values. This means that the first values is
10, The second is 10+8=18, next is 10+8+9=27, and soon. Here we get
.10,18,29,43,44,49,51

Gray level value 0 1 2 3 4 5 6 7
No. of Pixel 10 | 8 9 2 14 1 5 2
Run sum 10 [ 18 | 27 | 29 | 43 | 44 | 49 | 51

15



Step :2

Normalize by dividing by total number of pixels. The total number of pixels is
10+8+9+2+14+1+5+2=.51

Step 3:

Gray level value 0 1 2 3 4 5 6 7

No. of Pixel 10 8 9 2 14 1 5 2

Run sum 10 18 27 29 43 44 49 51
Normalize 10/51 | 18/51 | 27/51 | 29/51 | 43/51 | 44/51 | 49/51 | 51/51

Multiply these values by the maximum gray level values in this case 7 , and
then round the result to the closet integer. After this is done we obtain

1,2,4,4,6,6,7,7.

Step 4:

Gray level value 0 1 2 3 4 5 6 7
No. of Pixel 10 8 9 2 14 1 5 2
Run sum 10 18 27 29 43 44 49 ol
Normalize 10/51 | 18/51 | 27/51 | 29/51 | 43/51 | 44/51 | 49/51 | 51/51
Multiply by 7 1 2 4 4 6 6 7 7

Map the original values to the results from step 3 by a one-to-one

correspondence.
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All pixel in the original image with gray level O are set to 1, values of 1 are set
to 2, and values 2 set to 4, and values 3 set to 4, and so on.

Histogram equalization, you can see the original histogram and the resulting
histogram equalized histogram. Although the result is not flat, it is closer to
being flat than the original.
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After Histogram Equalization




Original image Histogram of original image

Image after histogram equalization Histogram after equalization

Histogram Equalization



The End



