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Digital Image Representation
• An image may be defined as a two-dimensional function 

f(x, y), where x and y are spatial (plane) coordinates, and 
the amplitude of f at any pair of coordinates is called the 
intensity of the image at that point. 

• The term gray level is used often to refer to the intensity 
of monochrome images. 

• Color images are formed by a combination of individual 
images. 

• For example, in the RGB color system a color image 
consists of three individual monochrome images, referred 
to as the red (R), green (G), and blue (B) primary (or 
component) images. 

• For this reason, many of the techniques developed for 
monochrome images can be extended to color images by 
processing the three component images individually.
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• An image may be continuous
with respect to the x- and y-
coordinates, and also in 
amplitude.

• Converting such an image to 
digital form requires that the 
coordinates, as well as the 
amplitude, be digitized. 

• Digitizing the coordinate values 
is called sampling.

• Digitizing the amplitude values 
is called quantization. 

• Thus, when x, y, and the 
amplitude values of f are all 
finite (discrete quantities), we 
call the image a digital image.
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Coordinate Conventions

• The result of sampling and quantization is a matrix of 
real numbers.

• We use two principal ways in course to represent 
digital images. 

• Assume that an image f(x,y) is sampled so that the 
resulting image has M rows and N columns. 

• We say that the image is of size MxN. 

• The values of the coordinates are discrete quantities. 

• For notational clarity and convenience, we use integer 
values for these discrete coordinates. 

4



• In many image 
processing books, the 
image origin is defined 
to be at (x,y)=(0,0). 

• Note that x ranges from 
0 to M-1 and y from 0 
to N-1 in integer 
increments.
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• The coordinate convention used in 
the Matlab Image Processing 
Toolbox to denote arrays is 
different from the preceding 
paragraph in two minor ways. 

• First, instead of using (x,y), the 
toolbox uses the notation (r,c) to 
indicate rows and columns. 

• The other difference is that the 
origin of the coordinate system is 
at (r,c)=(1,1).

• r ranges from 1 to M, and c from 1 
to N, in integer increments. 
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• Image Processing Toolbox documentation refers to the 
coordinates (as in Figure) pixel coordinates. 

• Less frequently, the toolbox also employs another 
coordinate convention, called spatial coordinates, that 
uses x to refer to columns and y to refers to rows. 

• This is the opposite of our use of variables x and y. 

• With a few exceptions, we do not use the toolbox’s 
spatial coordinate convention in this course, but many 
MATLAB functions do, and you will definitely encounter 
it in toolbox and MATLAB documentation.
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Images as Matrices
• A digital image can be represented as a MATLAB 

matrix:
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• The notation f(p, q) denotes the element located in row p and column q. 
• For example, f(6, 2) is the element in the sixth row and second column 

of matrix f. 
• Typically, we use the letters M and N, respectively, to denote the number 

of rows and columns in a matrix. 
• 1xN matrix is called a row vector, whereas an Mx1 matrix is called a 

column vector. 
• A 1x1 matrix is a scalar.



• Matrices in MATLAB are stored in 
variables with names such as A, a, 
RGB, real_array, and so on. 

• Variables must begin with a letter.

• Contain only letters, numerals, 
and underscores. 

• As noted in the previous 
paragraph, all MATLAB quantities 
in this book are written using 
monospace characters. 

• We use conventional Roman, italic 
notation, such as f(x,y), for 
mathematical expressions.
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Reading Images
• Images are read into the 

MATLAB environment using 
function imread, whose basic 
syntax is: imread('filename')

• Here, filename is a string 
containing the complete name of 
the image file (including any 
applicable extension). 

• For example, the statement
reads the image from the JPEG 
file chestxray into image array f :

• >> f = imread(‘diagram.png');
• Typing size at the prompt gives 

the row and column dimensions 
of an image:

• >> size(f)
• 32x32x3
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• Size (A) function is particularly useful in programming to 
determine automatically the size of a 2-D image:

• >> [M, N, L] = size(f)
• M =32,N=32,L=3

• >> M = size(f, 1); gives the size of f along its first dimension, which 
is defined by MATLAB as the vertical dimension.
• M=32

• The second dimension of an array is in the horizontal direction, so 
the statement size(f, 2) gives the number of columns in f.

• >> N=size(f,2)
• N=32

• The whos function displays additional information about an array

• >> whos f
• Name       Size              Bytes  Class    Attributes

• f         32x32x3             3072  uint8 
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Displaying Images
• Images are displayed on the MATLAB 

desktop using function imshow, which 
has the basic syntax: imshow(f)

• imshow(f, [low high]): displays as black 
all values less than or equal to low, and as 
white all values greater than or equal to 
high. 

• The values in between are displayed as 
intermediate intensity values. 

• Finally, the syntax imshow(f, [ ]): sets 
variable low to the minimum value of 
array f and high to its maximum value. 

• This form of imshow is useful for 
displaying images that have a low
dynamic range or that have positive and 
negative values.

• imshow(f), figure, imshow(g): displays 
both images.
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• The Image Tool in the Image 
Processing Toolbox provides a 
more interactive environment for 
viewing and navigating within 
images, displaying detailed 
information about pixel values, 
measuring distances, and other 
useful operations.

• To start the Image Tool, use the 
imtool function. For example, the 
following statements read an 
image from a file and then display 
it using imtool:

• h= imread(‘circles.jpg');

• >> imtool(h)

• Various tools and capabilities 
associated with the Image Tool.
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Writing Images
• Images are written to the Current 

Directory using function imwrite, 
which has the following basic 
syntax:
• imwrite(hh, 'filename')

• >>imwrite(hh, ‘circles.tif')

• Function imwrite can have other 
parameters, depending on the file 
format selected. 

• Most of the work in the following 
chapters deals either with JPEG or 
TIFF images, so we focus attention 
here on these two formats. 
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• A more general 
imwrite syntax 
applicable only to 
JPEG images is:
• imwrite(f, 

'filename.jpg', 
'quality', q)

• where q is an integer 
between 0 and 100 
(the lower the 
number the higher 
the degradation due 
to JPEG compression).
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• In order to get an idea of the compression 
achieved and to obtain other image file 
details, we can use function imfinfo, which 
has the syntax

• >>imfinfo filename

• Filename: 
'C:\Users\Public\Documents\dersler\rem
otesensing\matlab_im_proc\circles_50.jp
g'

• FileModDate: '28-Sep-2017 14:31:38'

• FileSize: 5110

• Format: 'jpg'

• FormatVersion: ''

• Width: 225

• Height: 225

• BitDepth: 24

• ColorType: 'truecolor'

• FormatSignature: ''

• NumberOfSamples: 3

• CodingMethod: 'Huffman'

• CodingProcess: 'Sequential'

• Comment: {}
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Filename: 
'C:\Users\Public\Documents\dersler\remotes
ensing\matlab_im_proc\circles_3.jpg'

FileModDate: '28-Sep-2017 14:32:31'
FileSize: 1897

Format: 'jpg'
FormatVersion: ''

Width: 225
Height: 225

BitDepth: 24
ColorType: 'truecolor'

FormatSignature: ''
NumberOfSamples: 3

CodingMethod: 'Huffman'
CodingProcess: 'Sequential'

Comment: {}

Writing Images
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• The number of bytes in the original image is 
computed by multiplying Width x Height x  
BitDepth and dividing the result by 8 (bit to bayt).

• Dividing this by FileSize gives the compression 
ratio.

• In addition to the obvious advantages in storage 
space, this reduction allows the transmission of 
approximately compression times the amount of 
uncompressed data per unit time.
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• A more general imwrite syntax applicable only to tif images has the 
form:
• imwrite(g, 'filename.tif', 'compression', 'parameter', ...'resolution', [colres 

rowres])

• where 'parameter' can have one of the following principal values: 
• 'none' indicates no compression;
• 'packbits' (the default for nonbinary images), 'lwz', 'deflate', 'jpeg', 'ccitt' (binary 

images only; the default), 'fax3' (binary images only), and 'fax4'. 

• The 12* array [colres rowres] contains two integers that give the column 
resolution and row resolution in dots-per-unit (the default values are 
[72 72]). 

• For example, if the image dimensions are in inches, colres is the number 
of dots (pixels) per inch (dpi) in the vertical direction, and similarly for 
rowres in the horizontal direction. 

• Specifying the resolution by a single scalar, res, is equivalent to writing 
[res res]. 

• As you will see in the following example, the TIFF resolution parameter 
can be used to modify the size of an image in printed documents.
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• Next figure Mercury from ESA.

• It is in jpg format, at 72 dpi. 

• The image is of size 1822x1650
pixels, so its printed dimensions 
are 25.31x22.92 inches. 

• We want to store this image in 
tif format, with no compression, 
under the name sf. 

• In addition, we want to reduce 
the printed size of the image to 
2.531x2.292 inches while 
keeping the pixel count at 
720x720.
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• The following statement gives the 
desired result:

• >>imwrite(f, 'sf.tif', 'compression', 
'none', 'resolution', [720 720])

• The image is of size 1822x1650 
pixels, so its printed dimensions are 
2.531x2.292 inches. 

• It is important to note that the 
number of pixels was not changed 
by these commands. 

• Only the printed size of the image 
changed.

• Processes such as this are useful for 
controlling the size of an image in a 
printed document without sacrificing 
resolution.
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Classes
• Although we work with 

integer coordinates, the 
values (intensities) of 
pixels are not restricted 
to be integers in 
MATLAB. 

• Table lists the various 
classes supported by 
MATLAB and the Image 
Processing Toolbox for 
representing pixel values. 

• The first eight entries in 
the table are referred to 
as numeric classes.

• The ninth entry is the 
char (character) class 
and, as shown, the last 
entry is the logical class.
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• Classes uint8 and logical are used extensively in image 
processing, and they are the usual classes encountered when 
reading images from image file formats such as TIFF or JPEG. 

• These classes use 1 byte to represent each pixel. 

• Some scientific data sources, such as medical imagery, require 
more dynamic range than is provided by uint8, so the uint16 and 
int16 classes are used often for such data. 

• These classes use 2 bytes for each array element. 

• The floating-point classes double and single are used for 
computationally intensive operations such as the Fourier 
transform.

• Double-precision floating-point uses 8 bytes per array element, 
whereas single-precision floating-point uses 4 bytes. 

• The int8, uint32, and int32 classes, although supported by the 
toolbox, are not used commonly for image processing.
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Image Types

• The toolbox supports four types of images:
• Gray-scale images

• Binary images

• Indexed images

• RGB images

• Most monochrome image processing operations 
are carried out using binary or gray-scale images, 
so our initial focus is on these two image types. 
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Gray-scale Images

• A gray-scale image is a data matrix whose values 
represent shades of gray. 

• When the elements of a gray-scale image are of 
class uint8 or uint16, they have integer values in 
the range [0, 255] or [0, 65535], respectively. 

• If the image is of class double or single, the values 
are floating-point numbers.

• Values of double and single gray-scale images 
normally are scaled in the range [0, 1], although 
other ranges can be used.
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Binary Images

• Binary images have a very specific meaning in MATLAB. 

• A binary image is a logical array of 0s and 1s. 

• Thus, an array of 0s and 1s whose values are of data class, say, 
uint8, is not considered a binary image in MATLAB. 

• A numeric array is converted to binary using function logical. 

• Thus, if A is a numeric array consisting of 0s and 1s, we create 
a logical array B using the statement:
• B = logical(A)

• If A contains elements other than 0s and 1s, the logical function 
converts all nonzero quantities to logical 1s and all entries with 
value 0 to logical 0s. 

• Using relational and logical operators also results in logical 
arrays.
• >>f=imread('QR.png');
• >>B=logical(f);
• >>islogical(B)
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Converting between Classes

• Converting images from one class to another is a 
common operation. 

• When converting between classes, keep in mind the 
value ranges of the classes being converted.

• The general syntax for class conversion is:
• B = class_name(A)

• where class_name is one of the names in the first 
column of Table on the next page.

• For example, suppose that ff is an array of class uint8. 
• >>ff=imread('circles.jpg');

• A single-precision array, fff, is generated by the 
command.
• >>fff=im2single(ff);
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• Toolbox function mat2gray converts an image of 
any of the classes in Table to an array of class 
double scaled to the range [0, 1].
• g = mat2gray(A, [Amin, Amax])

• where image g has values in the range 0 (black) 
to 1 (white). 

• The specified parameters, Amin and Amax, are 
such that values less than Amin in A become 0 
in g, and values greater than Amax in A 
correspond to 1 in g.
• g = mat2gray(A)

• sets the values of Amin and Amax to the actual 
minimum and maximum values in A. 

• The second syntax of mat2gray is a very useful 
tool because it scales the entire range of values 
in the input to the range [0, 1], independently 
of the class of the input, thus eliminating 
clipping.
• >>ffff=mat2gray(ff);
• >> imwrite(ffff,‘circles_gray.jpg');
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Array Indexing
• MATLAB supports a number of powerful indexing 

schemes that simplify array manipulation and improve 
the efficiency of programs.

• In this section we discuss and illustrate basic indexing in 
one and two dimensions (i.e., vectors and matrices), as 
well as indexing techniques useful with binary images.

• An array of dimension 1xN is called a row vector.
• >> v = [1 3 5 7 9]
• v =     1     3     5     7     9
• >> v(2)
• ans=3

• A row vector is converted to a column vector (and vice 
versa) using the transpose operator (.'):
• >> w = v.'
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• Function linspace, with syntax:
• x = linspace(a, b, n)

• generates a row vector x of n elements linearly-spaced 
between, and including, a and b.
• >>x=linspace(2,8,6)

• x = 2.0000    3.2000    4.4000    5.6000    6.8000    8.0000

31

Array Indexing



Indexing Matrices
• Matrices can be represented conveniently in MATLAB 

as a sequence of row vectors enclosed by square 
brackets and separated by semicolons. 

• For example, typing:
• >> A = [1 2 3; 4 5 6; 7 8 9]
• A =1 2 3

4 5 6
7 8 9

• >>A(2,3)
• ans= 6
• >>col_sums = sum(A)
• col_sums =  12    15    18
• >>total_sum = sum(col_sums)
• total_sum =    45
• >> total_sum = sum(A(:))
• total_sum =    45
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Logical Indexing
• Another form of indexing that you will find quite useful is 

logical indexing. 

• A logical indexing expression has the form A(D), where A is 
an array and D is a logical array of the same size as A. 

• The expression A(D) extracts all the elements of A 
corresponding to the 1-valued elements of D. 

• For example;
• >> D = logical([1 0 0; 0 0 1; 0 0 0]);
• >> A(D)
• ans =1

6
• >> A(D) = [30 40]
• A =

30 2 3
4 5 40

7 8 9
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• The CM_hats image (a) is a 
1024x1024x3 gray-scale image, f, 
of class uint8. 

• This image (b) was flipped 
vertically using the statement:
• >>f=imread (‘CM_hats.jpg’);
• >>fp = f(end:−1:1, :,1);  !because 

x3 layer
• >> imshow(fp)

• The image (c) is a section out of 
image (b), obtained using the 
command
• >> fc = f(257:768, 257:768);

• Similarly, image(d) shows a 
subsampled image obtained 
using the statement:
• >>fs = fp(1:8:end, 1:8:end);
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