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Coordinate Conventions

• The coordinate convention used in the MATLAB’s Image Processing Toolbox to denote 
arrays is different from the conventions used in many image processing books 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); 
thus, 𝑟 ranges from 1 to 𝑀, and 𝑐 from 1 to 𝑁, in integer increments. 
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Images as Matrices

• The coordinate system in (a) of the previous figure leads to the following 
representation for a digitized image: 

𝑓 𝑥, 𝑦 =

𝑓(0, 0) 𝑓(0, 1) ⋯ 𝑓(0, 𝑁 − 1)
𝑓(1, 0) 𝑓(1, 1) ⋯ 𝑓(1, 𝑁 − 1)

⋮ ⋮ ⋮
𝑓(𝑀 − 1, 0) 𝑓(𝑀 − 1, 1) ⋯ 𝑓(𝑀 − 1,𝑀 − 1)

• The right side of this equation is a digital image. 

• Each element of this array is called an image element, picture element, or pixel. 

• A digital image can be represented as a MATLAB matrix:

f r, c =

f(1, 1) f(1, 2) ⋯ f(1, N)
f(2, 1) f(2, 2) ⋯ f(2, N)

⋮ ⋮ ⋮
f(M, 1) f(M, 2) ⋯ f(M,M)

• where f 1, 1 = 𝑓(0, 0).

• Clearly, the two representations are identical, except for the shift in origin. 
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Images as Matrices

• The notation f r, c denotes the element located in row r and column c. 

• Typically, we use the letters M and N, respectively, to denote the number of rows and 
columns in a matrix. 

• A 1 × 𝑁 matrix is called a row vector, whereas an 𝑀 × 1 matrix is called a column 
vector. 

• A 1 × 1 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 and contain only letters, numerals, and 
underscores. 
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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

f=imread(‘Lenna.png’);

• reads the image from the PNG file Lenna into image array f. 

• Note the use of single quotes ( ' ) to delimit the string filename. 

• The semicolon at the end of a statement is used by MATLAB for suppressing output. 
If a semicolon is not included, MATLAB displays on the screen the results of the 
operation(s) specified in that line. 

• When, as in the preceding command line, no path information is included in filename, 
imread reads the file from the Current Directory and, if that fails, it tries to find 
the file in the MATLAB search path.
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Reading Images

• The simplest way to read an image from a specified directory is to include a full or 
relative path to that directory in filename. For example,

f=imread(‘D:\myimages\Lenna.png’)

• reads the image from a directory called «my images» in the D: drive, whereas

f=imread(‘.\myimages\Lenna.png’)

• reads the image from the «my images» subdirectory of the current working directory.

• The MATLAB Desktop displays the path to the Current Directory on the toolbar, 
which provides an easy way to change it.  

• Typing size at the prompt gives the row and column dimensions of an image:

>>size(f)

ans =

512   512
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Reading Images

• More generally, for an array A having an arbitrary number of dimensions, a statement 
of the form

[D1,D2, ...,DK] = size(A)

• returns the sizes of the first K dimensions of A. 

• This function is particularly useful in programming to determine automatically the size 
of a 2-D image:

[M,N] = size(f);

• This syntax returns the number of rows (M) and columns (N) in the image. 

• Similarly, the command

M = size(f,1);

• gives the size of f along its first dimension, which is defined by MATLAB as the 
vertical dimension. That is, this command gives the number of rows in f. 

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

• Images are displayed on the MATLAB desktop using  function imshow, which has the 
basic syntax:

imshow(f)

• where f is an image array. 

• Using the syntax

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 interme-diate 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.
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Displaying Images
• Example 1: The following statements read from disk an image called Lenna.png, extract information about 

the image, and display it using imshow:

>> f=imread('Lenna.png');

>> whos f

Name        Size              Bytes  Class    Attributes

f         512x512            262144  uint8              

>> imshow(f)
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• The figure number appears on the top, left of the window. 

• Note the various pull-down menus and utility buttons. They 
are used for processes such as scaling, saving, and exporting 
the contents of the display window. 

• In particular, the Edit menu has functions for editing and 
formatting the contents before they are printed or saved to 
disk.

• If another image, g, is displayed using imshow, MATLAB 
replaces the image in the figure window with the new image. 

• To keep the first image and output a second image in new
figure window, use function figure, as follows:

figure,imshow(g)
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Displaying Images
• Example 2: Suppose that we have just read an image, h, and find that using imshow(h) produces the image 

in Fig. (a).

• This image has a low dynamic range, a condition that can be remedied for display purposes by using the 

imshow(h,[])

• Figure (b) shows the result. The improvement is apparent.
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%EE454 2021-2022 Spring

%Example 2: Displaying an image in improved dynamic range

clear,clc

h=imread('office.jpg');

figure

subplot(2,1,1),imshow(h),title('Lower Dynamic Range')

subplot(2,1,2),imshow(h,[]),title('Higher Dynamic Range')
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Displaying Images
• The Image Tool in the Image Processing Toolbox provides a more interac¬tive environment for 

• viewing and navigating within images, 

• displaying detailed information about pixel values, 

• measuring distances, and other useful opera¬tions. 

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

>> f=imread('Lenna.png'); 

>> imtool(f)
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Displaying Images
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• The large, central window is the main view. In the 
figure, it is showing the image pixels at 400% 
magnification.

• The status text at the bottom of the main window 
shows the column/row location (219, 210) and value 
(90) of the pixel lying under the mouse cursor 
(remember that the origin of the image is at the 
top, left). 

• The Measure Distance tool is in use, showing that 
the distance between the two pixels enclosed by 
the small boxes is 39.19 units.

• The Overview Window, on the left side, shows the 
entire image in a thumbnail view. The Main Window 
view can be adjusted by dragging the rectangle in 
the Overview Window. 

• The Pixel Region Window shows individual pixels 
from the small square region on the main window, 
zoomed large enough to see the actual pixel values.

• Table on the left summarizes the various tools and 
capabilities associated with the Image Tool. In 
addition to these tools, the Main and Overview 
Window toolbars provide controls for tasks such as 
image zooming, panning, and scrolling.
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Writing Images

• Images are written to the Current Directory using function imwrite, which has the 
following basic syntax:

imwrite(f,‘filename’)

• With this syntax, the string contained in filename must include a recognized file 
format extension.

• For example, the following command writes f to a file called example.tif:

imwrite(f,‘example.tif’);

• Alternatively, the desired format can be specified explicitly with a third input 
argument. 

imwrite(f,‘example’,‘tif’);

• 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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Writing Images
• Example 3: Below figure shows an image, f, typical of sequences of images resulting from a given process. 

• Suppose that it is desired to transmit these images on a routine basis to a central site for visual and/or 
automated inspection. 

• In order to reduce storage requirements and transmission time, it is important that the images be 
compressed as much as possible, while not degrading their visual appearance beyond a reasonable level. 

• In this case "reasonable" means no perceptible false contouring. 

• Figures (b) through (f) on next page show the results obtained by writing image f to disk (in JPEG format), 
with q = 50, 25, 15, 5, and 0, respectively.
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• For example, the applicable syntax for q = 25 is

imwrite(f,'microscope_25.jpg','quality’,25);

• The image for q = 15 [Fig. (d)] has false contouring that is 
visible, but this effect becomes quite pronounced for q = 5 
and q = 0. 

• Thus, an acceptable solution with some margin for error is to 
compress the images with q = 25. 



EE454 – Digital Image Processing
Dr. Adem Ükte

Writing Images

15

Example 3 (Cont):
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Writing Images
• Example 3 (Cont): In order to get an idea of the compression achieved and to obtain other image file 

details, we can use function imfinfo:

imfinfo microscope_25.jpg

• This function outputs the following information (note that some fields contain no information in this case):
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ans = 

struct with fields:

Filename: ‘C:\...\microscope_25.jpg'

FileModDate: '15-Mar-2022 16:13:03'

FileSize: 8547

Format: 'jpg'

FormatVersion: ''

Width: 640

Height: 480

BitDepth: 8

ColorType: 'grayscale'

FormatSignature: ''

NumberOfSamples: 1

CodingMethod: 'Huffman'

CodingProcess: 'Sequential'

Comment: {}

• The number of bytes in the original image is computed by 
multiplying Width by Height by BitDepth and dividing 
the result by 8. The result is 307200.

• Dividing this by FileSize gives the compression ratio: 
(307200/8547) = 35.94. 

• This compression ratio was achieved while maintaining 
image quality consistent with the requirements of the 
application. 

• In addition to the obvious advantages in storage space, 
this reduction allows the transmission of approximately 
36 times the amount of uncompressed data per unit time.
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Writing Images
• Example 3 (Cont): The information fields displayed by imfinfo can be captured into a so-called structure 

variable that can be used for subsequent computations. 

• Using the preceding image as an example, and letting K denote the structure variable, we use the syntax

K=imfinfo('microscope_25.jpg');

• to store into variable K all the information generated by command imfinfo.

• The information generated by imfinfo is appended to the structure variable by means of fields, separated 
from K by a dot. 

• For example, the image height and width are now stored in structure fields K.Height and K.Width. 

• As an illustration, consider the following use of structure variable K to compute the compression ratio for 
microscope_25.jpg:

K=imfinfo('microscope_25.jpg');

image_bytes=K.Width*K.Height*K.BitDepth/8;

compressed_bytes=K.FileSize;

compression_ratio=image_bytes/compressed_bytes

• Screen output:

compression_ratio =

35.9424
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Writing Images
• A more general imwrite syntax applicable only to of 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 1 x 2 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]. 

• The TIFF resolution parameter can be used to modify the size of an image in printed documents.
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Classes
• Although we work with integer coordinates, the values (intensities) of pixels are not restricted to be integers in 

MATLAB. 

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

19

• 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 uintl6 and int 16 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 and 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. Indexed and RGB color images are discussed later.

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.

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. 
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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 Classes Table. 

• For example, suppose that A is an array of class uint8. A double-precision array, B, is generated by the command 
B=double(A). 

• If C is an array of class double in which all values are in the range [0, 255] (but possibly containing fractional values), 
it can be converted to an uint8 array with the command D=uint8(C). 

• If an array of class double has any values outside the range [0, 255] and it is converted to class uint8 in the manner 
just described, MATLAB converts to 0 all values that are less than 0, and converts to 255 all values that are greater 
than 255. 

• Numbers in between are rounded to the nearest integer. Thus, proper scaling of a double array so that its elements 
are in the range [0, 255] is necessary before converting it to uint8. 

• As indicated before, converting any of the numeric data classes to logical creates an array with logical 1s in locations 
where the input array has nonzero values, and logical 0s in places where the input array contains 0s.
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Converting between Classes
• The toolbox provides specific functions that perform the 

scaling and other bookkeeping necessary to convert images 
from one class to another. 

• Function im2uint8, for example, creates a unit8 image after 
detecting the data class of the input and performing all the 
necessary scaling for the toolbox to recognize the data as 
valid image data. 

• For example, consider the following image f of class double, 
which could be the result of an intermediate computation:

• From which we see that function im2uint8 sets to 0 all values 
in the input that are less than 0, sets to 255 all values in the 
input that are greater than 1, and multiplies all other values 
by 255. Rounding the results of the multiplication to the 
nearest integer completes the conversion.
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>> f=[-.5,0,.5;.75,1,1.5]

f =

-0.5000         0    0.5000

0.7500    1.0000    1.5000

>> g=im2uint8(f)

g =

2×3 uint8 matrix

0     0   128

191   255   255
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Array Indexing 
• Example 4:
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Array Indexing 
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END OF 
PRESENTATION 2
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