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Interpreting histograms



Histograms



Image Brightness



Detecting Bad Exposure using Histograms



Image Contrast



Histograms and contrast



Contrast equation

• These equations work 
well for simple images 
with 2 luminances (i.e. 
uniform foreground 
and background) 

• Does not work well for 
complex scenes with 
many luminances or if 
min and max 
intensities are small



Histograms and dynamic range



High Dynamic Range (HDR) Imaging



Detecting Image Defects using Histograms



Image Defects: Effect of Image Compression



Effect of Image Compression



Computing Histograms

Hist = zeros(256);

[w, h] = size(I);

for (int v = 0; v<h; v++)

for (int u=0; u<w; u++)

i= I(u,v);

Hist[i] = Hist[i] + 1;



Large Histograms: Binning



Calculating Bin Size



Binned histogram

K = 256;

B = 32;

Hist = zeros(B);

[w, h] = size(I);

for (int v = 0; v<h; v++)

for (int u=0; u<w; u++)

a= I(u,v);

i = a* B / K

Hist[i] = Hist[i] + 1;



Color Image Histograms



Color Image Histograms



Cumulative Histograms 



Point Operations

Procedures that operate directly on the pixels 
composing an image.

I’(x,y) = f[I(x,y)]
where 

• I(x,y) is the input image

• I’(x,y) is the processed image

• f is an operator on I



Point Operations



Some homogeneous point operations



Pseudocode

• Input: Image with pixel intensities I(u,v) defined on [1 .. w] x [1 .. H] 

• Output: Image with pixel intensities I’(u,v) 

for v = 1 .. h 

for u = 1 .. w 

I’(u, v) = f (I(u,v))



Non-homogeneous point operations



Clamping



Example: Modify Intensity and Clamp

[w, h] = size(I);

for (int v = 0; v<h; v++)

for (int u=0; u<w; u++)

a= I(u,v) * 1.5 + 0.5;

if (a> 255) a=255

I’(u,v) = a;



Inverting images



Image Negatives



Thresholding





Thresholding and histograms



Basic grey-level transformations



Logarithmic transformations



Power Law transformations





Effect of decreasing gamma

• When the  is reduced too much, the image begins to reduce contrast 
to the point where the image may start to have slight “washed-out”
look, especially in the background

(a) image has a washed-out appearance, it 
needs a compression of lighter gray levels 
 needs  > 1

(b) result after power-law  

transformation with  = 3.0 (suitable)

(c) transformation with  = 4.0

(suitable)

(d) transformation with  = 5.0

(high contrast, the image has areas that are 
too dark, some detail is lost)

a b

c d



Intensity windowing
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Contrast Stretching

• increase the dynamic range of the 
gray levels in the image

• (b) a low-contrast image : result 
from poor illumination, lack of 
dynamic range in the imaging 
sensor, or even wrong setting of a 
lens aperture of image 
acquisition

• (c) result of contrast stretching: 
(r1,s1) = (rmin,0) and (r2,s2) = 
(rmax,L-1)

• (d) result of thresholding
(r1=r2=m, binary image). m, mean 
grey level in the image. 
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Contrast Stretching
 The locations of (r1,s1) and (r2,s2) control 

the shape of the transformation function.

 If r1= s1 and r2= s2 the transformation is a 
linear function and produces no changes.

 If r1=r2, s1=0 and s2=L-1, the transformation 
becomes a thresholding function that creates a 
binary image.

 Intermediate values of (r1,s1) and (r2,s2) 
produce various degrees of spread in the gray 
levels of the output image, thus affecting its 
contrast.
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Gray-Level Slicing

 To highlight a specific range of gray 
levels in an image (e.g. to enhance 
certain features).

One way is to display a 

high value for all gray 

levels in the range of 

interest and a low value 

for all other gray levels 

(binary image).
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Gray-Level Slicing

 The second approach is to brighten the 
desired range of gray levels but 
preserve the background and gray-level 
tonalities in the image:
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Gray-level slicing
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Bit-plane slicing

• Highlighting the contribution 
made to total image appearance 
by specific bits

• Suppose each pixel is 
represented by 8 bits

• Higher-order bits contain the 
majority of the visually 
significant data

• Useful for analyzing the relative 
importance played by each bit of 
the image

Bit-plane 7
(most significant)

Bit-plane 0
(least significant)

One 8-bit byte
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 bit planes:

 Only the higher order bits (top four) 
contain visually significant data.  The 
other bit planes contribute the more 
subtle details.

 Plane 7 corresponds exactly with an 
image thresholded at gray level 128.

 Plane 6 corresponds to grey levels in the ranges 
[64,127) and [192, 255)
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Example

• The (binary) image for bit-plane 7 can be 
obtained by processing the input image 
with a thresholding gray-level 
transformation.
• Map all levels between 0 and 127 to 0

• Map all levels between 129 and 255 to 255

An 8-bit fractal image
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8 bit planes

Bit-plane 7 Bit-plane 6

Bit-
plane 5

Bit-
plane 4

Bit-
plane 3

Bit-
plane 2

Bit-
plane 1

Bit-
plane 0
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Logic Operations

• Logic operation performs on gray-level images, the pixel values are 
processed as binary numbers

• light represents a binary 1, and dark represents a binary 0 

• NOT operation = negative transformation
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Example of AND Operation

original image AND image 
mask 

result of AND 
operation
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Example of OR Operation

original image OR image 
mask 

result of OR 
operation
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Image Subtraction

g(x,y) = f(x,y) – h(x,y)

• enhancement of the differences between  images
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Image Subtraction

• a). original fractal image

• b). result of setting the four lower-order 
bit planes to zero

• refer to the bit-plane slicing

• the higher planes contribute significant 
detail

• the lower planes contribute more to 
fine detail

• image b). is nearly identical visually to 
image a), with a very slightly drop in 
overall contrast due to less variability 
of the gray-level values in the image.

• c). difference between a). and b). 
(nearly black)

• d). histogram equalization of c). 
(perform contrast stretching 
transformation)

a b

c d



Point Operations and Histograms



Automatic Contrast Adjustment





Modified Contrast Adjustment



Histogram Equalization



Histogram Equalization
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Histogram Equalisation: an informal illustration
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The goal in histogram equalisation is to expand the 
range of grey level values within the image to the 
entire 0-255 range 

To do this we first calculate the cumulative 
frequencies for grey levels within the image

The cumulative frequency for grey level g is defined as 
the sum of the histogram data values from 0 to g. 

We can graph the cumulative frequencies for our 
image: 
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Use this information to redistribute the grey levels across the 
entire range. 
The maximum of the cumulative frequency graph will always be 
equal to the number of pixels in the image (numPixels)
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The same process can be applied to colour images by performing the 

process on the red, green and blue channels separately, as this image 

shows:

BUT this is a crude approach which can hugely alter 

the image colours !!   Better methods should be used.
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Example
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Level(j)
0 1 2 3 4 5 6 7 8 9

No. of 
pixels

0 0 6 5 4 1 0 0 0 0

0 0 6 11 15 16 16 16 16 16

0 0

6 

/

16

11 

/

16

15 

/

16

16 

/

16

16 

/

16

16 

/

16

16 

/

16

16 

/

16

s x (L-1) 0 0
3.3

3

6.1

6

8.4

8
9 9 9 9 9




k

j

jn
0




k

j

j

n

n

0



75

Example
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Output image 

Gray scale = [0,9]

Histogram equalization
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Equalization examples







Linear Histogram Equalization





Histogram Specification



Histograms and Probability



Histogram Specification



Adjusting Linear Distribution Piecewise



Adjusting Linear Distribution Piecewise





Histogram Matching



Histogram Matching



Adjusting to a given histogram





Gamma Correction



Gamma Correction



What is Gamma?



What is Gamma?



Gamma Correction







What is Image Enhancement











What point operations can’t do?



What point operations can’t do?


