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What will We Learn today?

* Normalized histogram

* Histogram equalization
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FIGURE 3.20 Left column: images from Fig. 3.16. Center column: corresponding histogram-
equalized images. Right column: histograms of the images in the center column.



What is a histogram?
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What is a histogram?

Image (3-bit) k3
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Histogram Processing

Histogram /4(r, ) =n,
r, is the k" intensity value

n, 1s the number of pixels in the image with intensity 7,

i
MN
n,: the number of pixels in the image of

Normalized histogram p(7, ) =

size M x N with intensity 7,



Histogram Equalization

The 1ntensity levels in an image may be viewed as
random variables in the interval [0, L-1].
Let p (r) and p_ (s) denote the probability density

function (PDF) of random variables » and s.



Histogram Equalization

s=T(r) 0<r<L-1

a. T(r) 1s a strictly monotonically increasing function
in the interval 0 <r < L-1;
b. 0<T(r)<L-1 for 0<r<L-1. s
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Histogram Equalization

s=1T(r) 0Zr<L-1

a. T(r)1s a strictly monotonically increasing function
in the interval 0 <r < L-1;
b. 0<T(r)<L-1 for 0<r<L-1.

T'(r) 1s continuous and differentiable.

s=T(r)=(L- l)J.Or p.(w)dw



Histogram Equalization

s=T(r)=(L=D] p,(wydw
Discrete values:

S =T(Vk)=(L—1)Zpr(Vj)




Example: Histogram Equalization

Suppose that a 3-bit image (L=8) of size 64 x 64 pixels (MN = 4096) has the intensity
distribution shown in following table. Get the histogram equalization
transformation function and give the p(s,) for each s,.

I n; p.(ry) = n,/MN
7o =0 790 0.19
ro=1 1023 0.25
ry =2 850 0.21
;=23 656 0.16 Discrete values:
ry =4 329 0.08 ‘
rs =75 245 0.06 s =T()=(L-D p.(r;)
re = 6 122 0.03 =
r=1 81 0.02




Example: Histogram Equalization

Discrete values: ”" R s el
' ro =0 790 0.19
k r =1 1023 0.25
— — =72 850 0.21
Sk _T(rk)_(L_l)Zpr(rj) é::a 656 0.16
j=0 ry = 4 329 0.08
0 Fs = 5 245 0.06
— — — — . =6 122 0.03
s, —T(ro)—7z(;pr(rj)—7><O.19—1.133 - 22 003
J= —>

1
s, =T(1)=7Y p,(r)=7x(0.19+0.25)=3.08 —3

j=0
s, =455 =5 s, =567 —6
s, =623 —6 s; =0.65 —7

s, =6.80 —7 s, =7.00 =7



Example: Histogram Equalization
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FIGURE 3.19 Illustration of histogram equalization of a 3-bit (8 intensity levels) image. (a) Original
histogram. (b) Transformation function. (¢) Equalized histogram.
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