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ABSTRACT

Plants become an important source of energy and only a primary
source to the problem of global warming. The damage caused by
emerging, re-emerging and endemic pathogens, is important in plant
systems and leads to potential loss economically. In addition, crop
diseases contribute directly and indirectly to the spread of human
infectious diseases and environmental damage. As these diseases are
spreading worldwide causing damage to the normal functioning of the
plant and also damaging the financial condition by significantly
reducing the quantity of crops grown. The crop production losses its
quality due to much type diseases and sometimes they occur but are
even not visible with naked eyes. Farmers estimate the diseases by
their experience but this is not proper way Agriculture has become
much more than simply a means to feed ever growing populations
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CHAPTER 1
INTRODUCTION

The conventional method of disease detection in plants using naked eye observation method is
cubersome and is non effective. Using computer vision toolbox the disease detection in plants is
efficient and is not time consuming . The process of diagnosis used in plants (i.e. recognition of
symptoms and signs of diseases) is completely based on the use of scientific techniques. On the
basis of symptoms of particular diseases and with the help of agricultural scientists, identification
of diseases becomes easier. Plant pathologists can analyze the digital images using digital image
processing toolbox in matlab for diagnosis of plant diseases. Detection and recognition of
diseases in plants using machine learning is very fruitful in providing symptoms of identifying
diseases at its earliest[1][2].In context with reference[3] A CLASE (Central Lab. of Agricultural
Expert System) diagnostic model is used for detection of diseases in cucumber crop and in order
to diagnose the diseases on the leaf the four stages are implemented: image enhancement,
segmentation, feature extraction and classification .The different disorders that were tested are
Leaf miner, Downey and Powdery. For the detection and classification of certain diseases in plant
leaves different morphological features of the leaves are used. The system which is been
proposed consists of an artificial vision system (camera), a combination of classifier and image
processing algorithms [4]. A Back propagation neural network is used for recognition of leaves
in[5].1t was proved that just a back propagation network and shape of leaf image is enough to
specify the species of a leaf. Prewitt edge detection and thinning algorithm is used to find leaf
tokens as input to back propagation algorithm. It was reported that there is a scope for
enhancement of this work which involves more experimentation’s with large training sets to
recognize various leaves with pest or damaged leaves due to insects or diseases and develop an
expert system. A software prototype system is described for disease detection based on the
infected images of various rice plants. They used image growing, image segmentation techniques
to detect infected parts of the plants. Zooming algorithm is used to extract features of the images
[6]. Self Organize Map neural network is used for classifying diseased rise images. Method for fast
& accurate detection & classification of plant diseases is proposed in [7]. Otsu segmentation, K-
means clustering & back propagation feed forward neural network for clustering & classification
of diseases that affect on plant leaves.
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CHAPTER -2

LITERATURE SURVEY

TITLE 1: Plant Monitoring and Leaf Disease Detection with Classification using Machine Learning-
MATLAB

AUTHOR: RamyaR1, Kiran M2 , Marimuthu E2 , Naveen Kumar B2 , Pavithra G2 India is an agricultural
dependent country wherein most of the economic income comes from agriculture. Improper
maintenance and protection of crops leads to more infections and affects the overall production. This
technology helps the farmer to identify what type of diseases that the plant is being affected. The
image has been processed in MATLAB and the status of the leaf has been identified with the help of

neural network classification. Then the environment circumstances such as temperature, humidity and
moisture has been monitored. After the image has been processed in the software it sends SMS to the
user by using Global System for Mobile Communication (GSM). The SMS contains leaf status, particular

solution and environmental conditions. If the environmental condition is abnormal, then the pump
will automatically turn on. This proposed system presents an overview of the classification and
detection of plant leaf diseases using machine learning. Within the area of machine learning, neural
networks are a subcategory of algorithms built around a model of artificial neurons spread across
three or more layers.

2 Plant Disease Detection in Image Processing Using MATLAB
AUTHOR: S. Raut, Amit G. Fulsunge

For increasing growth and productivity of crop field, farmers need automatic
monitoring of disease of plants instead of manual. Manual monitoring of disease
do not give satisfactory result as naked eye observation is old method requires
more time for disease recognition also need expert hence it is non effective. So in
this paper, we introduced a modern technique to find out disease related to both
leaf and fruit. To overcome disadvantages of traditional eye observing technique,
we used digital image processing technique for fast and accurate disease detection
of plant. In our proposed work, we developed k-means clustering algorithm with
multi SVM algorithm in MATLAB software for disease identification and
classification

3. PLANT RECOGNITION SYSTEM USING LEAF SHAPE FEATURES AND MINIMUM
EUCLIDEAN DISTANCE

AUTHOR:

Farhana Haquel and Safwana Haque2

The study presents a plant recognition system that uses image and data processing techniques for
recognition. A lot of research has been going on to identify plants by their leaves and one of the
features that is used is the shape of the leaf but the accuracy is not high and therefore other features
should also be considered to increase the accuracy. This system designed has three main steps which
are image pre-processing, feature extraction and matching. Image pre-processing performs basic
operations on the leaf image for segmentation which helps in making feature extraction easy. Seven (7)
leaf features derived from geometric parameters of leaf shape were extracted from the
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pre-processed image and the simple principle of minimum Euclidean distance was used for
finding the closest match to the input leaf image. The system used 10 species of leaves with
a total of 50 leaf images from the flavia dataset for testing and obtained an accuracy above
90%. The algorithm is accurate and is easy to implement. However, it is slow and not tested
on a large dataset. It is hoped that this proposed system will be exploited further and the
speed will be improved and will also be able to give more information on the plant. [4]
Ms.NilamR.Thorat, Prof.SwatiNikam (2017), “Early disease detection and monitoring large
field of crop by using lIoT” the monitoring of diseases at early stage by using the sensors like
temperature, humidity and soil moisture after that it will provide recommendation about
disease and its fertilizers. With using above method it will train and test dataset. In train
dataset there are number of images were taken for training and only few sample images are
used for testing. After testing phase it will try to match the train dataset image with the
tested sample images. After that disease images foreword to the pre-processing phase. In
the Pre-processing phase k-means clustering is used for cluster the image into number of
parts and then that parts will classified by using Support Vector Machine (SVM) classifiers.
Edge detection is done by using the genetic algorithm and then it will give effective results.
Proposed systems have evaluated three objectives of this dissertation work like monitoring,
detection and quality of services.

[5] BudiariantoSuryoKusumo, Ana Heryana(2018), “Machine Learning-based for automatic
detection of corn-plant Diseases using image processing”, the system consists of Raspberry
Pi- model B which is the main part of the system used for interfacing purpose. Initially, the
input image is selected. According to selected image disease is detected with its name and
remedies by using python or java and to be displayed on the App. After disease detection
farmers take the necessary action i.e. Turn ON/OFF the sprinkler assembly by using app to
spray pesticides or fertilizer by mixing it in water. Relay driver and single pole double throw
relay is used to control the ON/OFF of external devices. Farmer can also check the soil
condition and water level in the tank with the help of sensor. Four different types of sensors
are used for measuring soil condition and level of water or pesticide tank. These sensors
include LM 35 temperature sensor, DHT-22 Humidity Sensor, Water sensor and moisture
Sensor. All these sensors are interfaced with Raspberry-Pi. The motor driver and DC motor
are used for the movement of the overall system. The moving system helps to monitor soil
condition at different place

10



CHAPTER -3

EXISTING SYSTEM

In this paper, Image processing is used to detect and classify sunflower crop diseases based on the
image of their leaf. The images are taken through a high resolution digital camera and after pre-
processing, are subjected to k-means clustering to get the diseased part of the leaf. These are then
run through the various machine learning algorithms and classified based on their color and
texture features. A comparison based on accuracy between various machine learning algorithms is
done namely K-Nearest Neighbours ,, Naive Bayes and Multinomial Logistic Regression to achieve
maximum accuracy. The implementation has been done using MATLAB

Proposed system:

e Digital image processing is the use of computer algorithms to perform image processing on digital
images. 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 at any pair of coordinates (x, y) is called the intensity or grey level of
the image at that point. When x, y and the intensity values of f are all finite, discrete quantities, we call
image a digital image. Digital image is composed of a finite number of elements, each of which has a
particular location and value. These elements are referred to as picture elements, image elements, peels,
and pixels. Pixel is the term most widely used to denote the elements of a digital image. Vision is the
most advanced of our senses, so it is not surprising that images play the single most important role in
human perception. DIP is the use of computer algorithms to create, process, communicate, and display
digital images. The input of that system is a digital image and the system process that image using
efficient algorithms, and gives an image as an output.the process of digital image processing is defined in
the form of phases.

* When some diseases are not visible to naked eye but actually they are present, then it is difficult to
detect it with the naked eye. And when it is visible it will be too late to detect disease and can’t help
anymore. Earlier, microscope is used to detect the disease, but it become difficult as to observe each
and every leaf and plant. So, the fast and effective way is a remote sensing technique. Detection and
recognition of diseases in plants using machine learning is very fruitful in providing symptoms of
identifying diseases at its earliest. Plant pathologists can analyse the digital images using digital
image processing for diagnosis of plant diseases. Computer processing Systems are developed for
agricultural applications, such as detection of
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leaf diseases, fruits diseases etc. In all these techniques, digital images are
collected using a digital camera and image processing techniques are applied on
these images to extract useful information that are necessary for further analysis.
Digital Image processing is used for the implementation which will take the image
as input and then perform some operation on it and then give us the required or
expected output. Application of computer vision and image processing
techniques certainly assist farmers in all the areas of agriculture activities.

Flow diagram:
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CHAPTER -4

SYSTEM DESIGN IMAGE PROCESSING

What is Image Processing?

Image processing is a method to convert an image into digital form and perform some operations on it,
in order to get an enhanced image or to extract some useful information from it. It is a type of signal
dispensation in which input is image, like video frame or photograph and output may be image or
characteristics associated with that image. Usually Image Processing system includes treating images as
two dimensional signals while applying already set signal processing methods to them.

It is among rapidly growing technologies today, with its applications in various aspects of a business.
Image Processing forms core research area within engineering and computer science disciplines too.

Image processing basically includes the following three steps.
Importing the image with optical scanner or by digital photography.
Analyzing and manipulating the image which includes data compression and image enhancement
and spotting patterns that are not to human eyes like satellite photograph:s.
Output is the last stage in which result can be altered image or report that is based on image
analysis.

Purpose of Image processing

The purpose of image processing is divided into 5 groups. They are:

1. Visualization - Observe the objects that are not visible.

2 Image sharpening and restoration - To create a better image.

3. Image retrieval - Seek for the image of interest.

4 Measurement of pattern — Measures various objects in an image.

5 Image Recognition — Distinguish the objects in an image.

Types

The two types of methods used for Image Processing are Analog and Digital Image Processing. Analog or
visual techniques of image processing can be used for the hard copies like printouts and photographs.
Image analysts use various fundamentals of interpretation while using these visual techniques. The
image processing is not just confined to area that has to be studied but on knowledge of analyst.
Association is another important tool in image processing through visual techniques. So analysts apply a
combination of personal knowledge and collateral data to image processing.

13



Digital Processing techniques help in manipulation of the digital images by
using computers. As raw data from imaging sensors from satellite platform
contains deficiencies. To get over such flaws and to get originality of
information, it has to undergo various phases of processing. The three general
phases that all types of data have to undergo while using digital technique are
Pre- processing, enhancement and display, information extraction

Digital Data

v
Pre processing
v
Feature Extraction
[
v v
Image Enhancement Selection of training
l Data
Manual l Ancillary Data
Interpretation Decision & Classification
| '=
I
Supervised Unsupervise

! !

Classification output

|

Paost processing operations

|

ASSesSs accuracy

& kS

Images Data Reports

IMAGE PROCESSING CONCEPTS

Binary Images

Binary images are images whose pixels have only two possible intensity values. They are normally
displayed as black and white. Numerically, the two values are often O for black, and either 1 or 255 for

white.
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Binary images are often produced by thresholding a grayscale or color image, in order
to separate an object in the image from the background. The color of the object
(usually white) is referred to as the foreground color. The rest (usually black) is
referred to as the background color. However, depending on the image which is to be
thresholded, this polarity might be inverted, in which case the object is displayed with
0 and the background is with a non-zero value.

Some morphological operators assume a certain polarity of the binary inputimage so
that if we process an image with inverse polarity the operator will have the opposite
effect. For example, if we apply aclosing operator to a black text on white
background, the text will be opened.

Color Images

It is possible to construct (almost) all visible colors by combining the three primary
colorsred, green and blue, because the human eye has only three different color
receptors, each of them sensible to one of the three colors. Different combinations in
the stimulation of the receptors enable the human eye to distinguish
approximately 350000 colors. A RGB color image is a multi-spectral image with one

band for each color red, green and blue, thus producing a weighted combination of
the three primary colors for each pixel.

A full 24-bit color image contains one 8-bit value for each color, thus being able to

24 __
display 2 =16777216 different colors.

However, it is computationally expensive and often not necessary to use the full 24-
bit image to store the color for each pixel. Therefore, the color for each pixel is often
encoded in a single byte, resulting in an8-bit color image. The process of reducing the
color representation from 24-bits to 8-bits, known as color gquantization, restricts the
number of possible colors to 256. However, there is normally no visible difference
between a 24-color image and the same image displayed with 8 bits. An 8-bit color
images are based on colormaps, which are look-up tables taking the 8-bit pixel value
as index and providing an output value for each color.

8-bit Color Images

Full RGB color requires that the intensities of three color components be specified for
each and every pixel. It is common for each component intensity to be stored as an 8-
bit integer, and so each pixel requires 24 bits to completely and accurately specify its
color. If this is done, then the image is known as a 24-bit color image. However there

15



are two problems with this approach:

« Storing 24 bits for every pixel leads to very large image files that with current
technology are cumbersome to store and manipulate. For instance a 24-bit
512x512 image takes up 750KB in uncompressed form.

» Many monitor displays use colormaps with 8-bit index numbers, meaning that
they can only display 256 different colors at any one time. Thus it is often
wasteful to store more than 256 different colors in an image anyway, since it
will not be possible to display them all on screen.

Because of this, many image formats (e.g. 8-bit GIF and TIFF) use 8-bit colormaps to
restrict the maximum number of different colors to 256. Using this method, it is only
necessary to store an 8-bit index into the colormap for each pixel, rather than the full
24-bit color value. Thus 8-bit image formats consist of two parts: a colormap
describing what colors are present in the image, and the array of index values for each
pixel in the image.

When a 24-bit full color image is turned into an 8-bit image, it is usually necessary to
throw away some of the colors, a process known as color guantization. This leads to
some degradation in image quality, but in practice the observable effect can be quite
small, and in any case, such degradation is inevitable if the image output device
(e.g. screen or printer) is only capable of displaying 256 colors or less.

The use of 8-bit images with colormaps does lead to some problems in image
processing. First of all, each image has to have its own colormap, and there is usually
no guarantee that each image will have exactly the same colormap. Thus on 8-bit
displays it is frequently impossible to correctly display two different color images that
have different colormaps at the same time. Note that in practice 8-bit images often
use reduced size colormaps with less than 256 colors in order to avoid this problem.

Another problem occurs when the output image from an image processing operation
contains different colors to the input image or images. This can occur very easily, as
for instance when two color images are added together pixel-by-pixel. Since the
output image contains different colors from the input images, it ideally needs a new
colormap, different from those of the input images, and this involves further color
guantization which will degrade the image quality. Hence the resulting output is
usually only an approximation of the desired output. Repeated image processing
operations will continually degrade the image colors. And of course we still have the
problem that it is not possible to display the images simultaneously with each other
on the same 8-bit display.

Because of these problems it is to be expected that as computer storage and

16



processing power become cheaper, there will be a shift away from 8-bit images and
towards full 24-bit image processing.

24-bit Color Images

Full RGB color requires that the intensities of three color components be specified for
each and every pixel. It is common for each component intensity to be stored as an 8-
bit integer, and so each pixel requires 24 bits to completely and accurately specify its
color. Image formats that store a full 24 bits to describe the color of each and every
pixel are therefore known as 24-bit color images.

. . . . 2% =1 216 .
Using 24 bits to encode color information allows 6777218 different colors to be

represented, and this is sufficient to cover the full range of human color perception
fairly well.

The term 24-bit is also used to describe monitor displays that use 24 bits per pixel in
their display memories, and which are hence capable of displaying a full range of

colors.

There are also some disadvantages to using 24-bit images. Perhaps the main one is
that it requires three times as much memory, disk space and processing time to store
and manipulate 24-bit color images as compared to 8-bit color images. In addition,
there is often not much point in being able to store all those different colors if the
final output device (e.g. screen or printer) can only actually produce a fraction of
them. Since it is possible to use colormapsto produce 8-bit color images that look

almost as good, at the time of writing 24-bit displays are relatively little used.
However it is to be expected that as the technology becomes

Color Quantization

Color gquantization is applied when the color information of an image is to be reduced.
The most common case is when a 24-bit color image is transformed into an 8-bit
color image.

Two decisions have to be made:

1. which colors of the larger color set remain in the new image, and
2. how are the discarded colors mapped to the remaining ones.

The simplest way to transform a 24-bit color image into 8 bits is to assign 3 bits to red
and green and 2 bits to blue (blue has only 2 bits, because of the eye's lower

17



sensitivity to this color). This enables us to display 8 different shades of red and green
and 4 of blue. However, this method can yield only poor results. For example, an
image might contain different shades of blue which are all clustered around a certain
value such that only one shade of blue is used in the 8-bit image and the remaining
three blues are not used.

Alternatively, since 8-bit color images are displayed using a colormap, we can assign
any arbitrary color to each of the 256 8-bit values and we can define a separate
colormap for each image. This enables us perform a color quantization adjusted to the
data contained in the image. One common approach is the popularity algorithm,
which creates a histogram of all colors and retains the 256 most frequent ones.
Another approach, known as the median-cut algorithm, yields even better results but
also needs more computation time. This technique recursively fits a box around all
colors used in the RGB colorspacewhich it splits at the median value of its longest
side. The algorithm stops after 255 recursions. All colors in one box are mapped to the
centroid of this box.

All above techniques restrict the number of displayed colors to 256. A technique of
achieving additional colors is to apply a variation of half-toning used for gray
scale images, thus increasing the color resolution at the cost of spatial resolution. The
256 values of the colormap are divided into four sections containing 64 different
values of red, green, blue and white. As can be seen in Figure 1, a 2x2 pixel area is
grouped together to represent one composite color, each of the four pixels displays
either one of the primary colors or white. In this way, the number of possible colors is

. 64*
increased from 256 to ™~ .

LTT

—_— Red {3reen

1 Blue W hite
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A 2x2 pixel area displaying one composite color
cheaper, their use in image processing will grow.
Convolution

Convolution is a simple mathematical operation which is fundamental to many
common image processing operators. Convolution provides a way of ‘multiplying
together' two arrays of numbers, generally of different sizes, but of the same
dimensionality, to produce a third array of numbers of the same dimensionality. This
can be used in image processing to implement operators whose output pixel values
are simple linear combinations of certain input pixel values.

In an image processing context, one of the input arrays is normally just a graylevel
image. The second array is usually much smaller, and is also two-dimensional
(although it may be just a single pixel thick), and is known as the kernel. Figure 1
shows an example image and kernel that we will use to illustrate convolution.

| SYRE S0 SE10 AT30 SEI0 ATIR ST20 AT 30 AT
Tz1| T2z | Q23| X2a| X2s| Q26| D27 | D25 | Lo
I31| I32| Taz| D34 | Das| Das| Dav| Das| a9
Tar| Taz| Taz| Das| Das| Das| Lav| Las| Las
Isi|Isz|Is3|Isa|Iss|Ise|Is7| Iss| Iss
To1|Xoz|Xo3z| Loa| Xos| Doo| Lo | Los| o9

KiuKizKis
K21 | K22 K23

Figure 1 An example small image (left) and kernel (right) to illustrate convolution. The
labels within each grid square are used to identify each square.

The convolution is performed by sliding the kernel over the image, generally starting
at the top left corner, so as to move the kernel through all the positions where the
kernel fits entirely within the boundaries of the image. (Note that implementations
differ in what they do at the edges of images, as explained below.) Each kernel
position corresponds to a single output pixel, the value of which is calculated by
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multiplying together the kernel value and the underlying image pixel value for each of
the cells in the kernel, and then adding all these numbers together.

So, in our example, the value of the bottom right pixel in the output image will be
given by:

Osy = Ie K1+ L5 Ko+ g K 1a 1+ Tgr a1 + LgpHaa + Tog Kag

If the image has M rows and N columns, and the kernel has m rows and n columns,
then the size of the output image will have M- m + 1 rows, and N - n + 1 columns.

Mathematically we can write the convolution as:

Ol )= Y Y16 +k =15 +1—-1)K(k1)

whereirunsfromltoM-m+ 1landjrunsfromltoN-n+ 1.

Note that many implementations of convolution produce a larger output image than
this because they relax the constraint that the kernel can only be moved to positions
where it fits entirely within the image. Instead, these implementations typically slide
the kernel to all positions where just the top left corner of the kernel is within the
image. Therefore the kernel "overlaps' the image on the bottom and right edges. One
advantage of this approach is that the output image is the same size as the input
imag_e. Unfortunatelv_,. in order to calculate the output p'l:{el values for the bottom and
right edges of the image, it is necessary to invent input pixel values for places where
the kernel extends off the end of the image. Typically pixel values of zero are chosen
for regions outside the true image, but this can often distort the output image at
these places. Therefore in general if you are using a convolution implementation that
does this, it is better to clip the image to remove these spurious regions. Removing n -
1 pixels from the right hand side and m - 1 pixels from the bottom will fix things.

Convolution can be used to implement many different operators, particularly spatial

filters and feature detectors. Examples include Gaussian smoothing and the Sobel
edge detector.

Distance Metrics

It is often useful in image processing to be able to calculate the distance between two
pixels in an image, but this is not as straightforward as it seems. The presence of the
pixel grid makes several so-called distance metrics possible which often give different
answers to each other for the distance between the same pair of points. We consider
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the three most important ones.

Euclidean Distance

This is the familiar straight line distance that most people are familiar with. If the two

pixels that we are considering have coordinates (zl’yl)and ('T'“’y“), then the
Euclidean distance is given by:

Dgyaia = /{29 — 21)? + (43 — 11 )?
City Block Distance

Also known as the Manhattan distance. This metric assumes that in going from one
pixel to the other it is only possible to travel directly along pixel grid lines. Diagonal
moves are not allowed. Therefore the "city block' distance is given by:

Dty = |z — 21| + |1p — 11|
Chessboard Distance

This metric assumes that you can make moves on the pixel grid as if you were a King
making moves in chess, i.e. a diagonal move counts the same as a horizontal move.
This means that the metric is given by:

-DChess = IHH.X(IIQ - I]_l._, Iyﬂ - yll)

Note that the last two metrics are usually much faster to compute than the Euclidean
metric and so are sometimes used where speed is critical but accuracy is not too
important.

Dithering

Dithering is an image display technique that is useful for overcoming limited display
resources. The word dither refers to a random or semi-random perturbation of the
pixel values.

Two applications of this technigues are particularly useful:

¢ Low qguantization display: When images are quantized to a few bits (e.g. 3) then
only a limited number of graylevels are used in the display of the image. If the scene is
smoothly shaded, then the image display will generate rather distinct boundaries
around the edges of image regions when the original scene intensity moves from one

21



guantization level to the next. To eliminate this effect, one dithering technique adds
random noise (with a small range of values) to the input signal before quantization
into the output range. This randomizes the guantization of the pixels at the original
guantization boundary, and thus pixels make a more gradual transition from
neighborhoods containing 100% of the first guantization level to neighborhoods
containing 100% of the second qguantization level.

< Limited color display: When fewer colors are able to be displayed (e.g. 256) than
are present in the input image (e.g. 24 bit color), then patterns of adjacent pixels are
used to simulate the appearance of the unrepresented colors.

Edge Detectors

Edges are places in the image with strong intensity contrast. Since edges often occur
at image locations representing object boundaries, edge detection is extensively used
in image segmentation when we want to divide the image into areas corresponding to
different objects. Representing an image by its edges has the further advantage that
the amount of data is reduced significantly while retaining most of the image
information.

Since edges consist of mainly high frequencies, we can, in theory, detect edges by
applying a highpass frequency filter in the Fourier domain or by convolving the image
with an appropriate kernel in the spatial domain. In practice, edge detection is

performed in the spatial domain, because it is computationally less expensive and
often yields better results.

Since edges correspond to strong illumination gradients, we can highlight them by
calculating the derivatives of the image. This is illustrated for the one-dimensional
case in Figure 1.
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Figure 1 1st and 2nd derivative of an edge illustrated in one dimension.

We can see that the position of the edge can be estimated with the maximum of the
1st derivative or with the zero-crossing of the 2nd derivative. Therefore we want to
find a technigue to calculate the derivative of a two-dimensional image. For a discrete
one-dimensional function f(i), the first derivative can be approximated by

d f{i) : :
——t = fli4+1)y— ffi
aG) = fET0- 16
Calculating this formula is equivalent to convolving the function with [-1 1]. Similarly
the 2nd derivative can be estimated by convolving f(i) with [1 -2 1].

Different edge detection kernels which are based on the above formula enable us to
calculate either the 1st or the 2nd derivative of a two-dimensional image. There are
two common approaches to estimate the 1st derivative in a two-dimensional
image, Prewitt compass edge detection and gradient edge detection.

Prewitt compass edge detection involves convolving the image with a set of (usually

8) kernels, each of which is sensitive to a different edge orientation. The kernel
producing the maximum response at a pixel location determines the edge magnitude
and orientation. Different sets of kernels might be used: examples include Prewitt,
Sobel, Kirsch and Robinson kernels.
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Gradient edge detection is the second and more widely used technigue. Here, the
image is convolved with only two kernels, one estimating the gradient in the x-
direction, Gx, the other the gradient in the y-direction, Gy. The absolute gradient
magnitude is then given by

|G| = VGz? + Gy?

and is often approximated with

|Gl = |Gz| + |Gyl

In many implementations, the gradient magnitude is the only output of a gradient
edge detector, however the edge orientation might be calculated with

The most common kernels used for the gradient edge detector are the Sobel, Roberts
Cross and Prewitt operators.

After having calculated the magnitude of the 1st derivative, we now have to identify
those pixels corresponding to an edge. The easiest way is to threshold the gradient
image, assuming that all pixels having a local gradient above the threshold must
represent an edge. An alternative technigue is to look for local maxima in the gradient
image, thus producing one pixel wide edges. A more sophisticated technigue is used
by the Canny edge detector. It first applies a gradient edge detector to the image and
then finds the edge pixels using non-maximal suppression and hysteresis tracking.

An operator based on the 2nd derivative of an image is the Marr edge detector, also
known aszero crossing detector. Here, the 2nd derivative is calculated using
a Laplacian of Gaussian (LoG)filter. The Laplacian has the advantage that it is
an isotropic measure of the 2nd derivative of an image, i.e. the edge magnitude is
obtained independently from the edge orientation by convolving the image with only
one kernel. The edge positions are then given by the zero-crossings in the LoG image.
The scale of the edges which are to be detected can be controlled by changing the
variance of the Gaussian.

A general problem for edge detection is its sensitivity to noise, the reason being that
calculating the derivative in the spatial domain corresponds to accentuating high
freguencies and hence magnifying noise. This problem is addressed in the Canny and
Marr operators by convolving the image with a smoothing operator (Gaussian) before
calculating the derivative.

Frequency Domain

For simplicity, assume that the image | being considered is formed by projection from
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scene S (which might be a two- or three-dimensional scene, etc.).

The frequency domain is a space in which each image value at image position F represents the amount
that the intensity values in image | vary over a specific distance related to F. In the frequency domain,
changes in image position correspond to changes in the spatial frequency, (or the rate at which image
intensity values) are changing in the spatial domain image |.

For example, suppose that there is the value 20 at the point that represents the frequency 0.1 (or 1
period every 10 pixels). This means that in the corresponding spatial domain image | the intensity values
vary from dark to light and back to dark over a distance of 10 pixels, and that the contrast between the
lightest and darkest is 40 gray levels (2 times 20).

The spatial frequency domain is interesting because: 1) it may make explicit periodic relationships in
the spatial domain, and 2) some image processing operators are more efficient or indeed only practical
when applied in the frequency domain.

In most cases, the Fourier Transform is used to convert images from the spatial domain into the
frequency domain and vice-versa.

A related term used in this context is spatial frequency, which refers to the (inverse of the) periodicity
with which the image intensity values change. Image features with high spatial frequency (such as edges)
are those that change greatly in intensity over short image distances.

Grayscale Images

A grayscale (or graylevel) image is simply one in which the only colors are shades of gray. The reason for
differentiating such images from any other sort of color image is that less information needs to be
provided for each pixel. In fact a “gray' color is one in which the red, green and blue components all have
equal intensity in RGB space, and so it is only necessary to specify a single intensity value for each pixel,
as opposed to the three intensities needed to specify each pixel in a full color image.

Often, the grayscale intensity is stored as an 8-bit integer giving 256 possible different shades of gray
from black to white. If the levels are evenly spaced then the difference between successive graylevels is
significantly better than the graylevel resolving power of the human eye.

Grayscale images are very common, in part because much of today's display and image capture hardware
can only support 8-bit images. In addition, grayscale images are entirely sufficient for many tasks and so
there is no need to use more complicated and harder-to-process color images.

Image Editing Software

There is a huge variety of software for manipulating images in various ways. Much of this software can
be grouped under the heading image processing software, and the bulk of this reference is concerned
with that group.

Another very important category is what we call image editing software. This group includes painting
programs, graphic art packages and so on. They are often useful in conjunction with image processing
software packages, in situations where direct immediate interaction with an image is the easiest way
of achieving something. For instance, if a region of an image is to be masked out for subsequent
image processing, it may be easiest to create the mask using an art package by directly drawing on
top of the original image. The mask used in the description of the AND operator was created this way
for instance. Art packages also often allow the user to move sections of the images around and
brighten or darken selected regions interactively. Few dedicated image processing packages offer the
same flexibility and ease of use in this respect.
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Figure 1 Convolution kernel for a mean filter with 3%3 neighborhood.
Idempotence

Some operators have the special property that applying them more than once to the same image
produces no further change after the first application. Such operators are said to be idempotent.
Examples include the morphological operators opening and closing.

Isotropic Operators

An isotropic operator in an image processing context is one which applies equally well in all directions in
an image, with no particular sensitivity or bias towards one particular set of directions (e.g. compass
directions). A typical example is the zero crossing edge detector which responds equally well to edges in
any orientation. Another example is Gaussian smoothing. It should be borne in mind that although an
operator might be isotropic in theory, the actual implementation of it for use on a discrete pixel grid may
not be perfectly isotropic. An example of this is a Gaussian smoothing filter with very small standard
deviation on a square grid.

Kernel

A kernel is a (usually) smallish matrix of numbers that is used in image convolutions.

Differently sized kernels containing different patterns of numbers give rise to different results
under convolution. For instance, Figure 1 shows a 3x3 kernel that implements a mean filter.

1 1 1 Setofcoordinate points =
{ {'1| '1}| {ﬂ, '1}| “ 1 '1}|
1 1 1
[_1l ﬂ}. [ul U}. {1 [ ﬂ}l
1 1 1 (-1, 1), {0, 1), (1,13 }

Figure 1 Convolution kernel for a mean filter with 3%x3 neighborhood.

The word ‘kernel' is also commonly used as a synonym for “structuring element', which is a
similar object used in mathematical morphology. A structuring element differs from a kernel in
that it also has a specified origin. This sense of the word “kernel' is not used in HIPR.

Logical Operators

Logical operators are generally derived from Boolean algebra, which is a mathematical way of
manipulating the truth values of concepts in an abstract way without bothering about what the
concepts actually mean. The truth value of a concept in Boolean value can have just one of two
possible values: true or false. Boolean algebra allows you to represent things like:

The block is both red and large

by something like:

26


https://homepages.inf.ed.ac.uk/rbf/HIPR2/open.htm
https://homepages.inf.ed.ac.uk/rbf/HIPR2/close.htm
https://homepages.inf.ed.ac.uk/rbf/HIPR2/zeros.htm
https://homepages.inf.ed.ac.uk/rbf/HIPR2/gsmooth.htm
https://homepages.inf.ed.ac.uk/rbf/HIPR2/convolve.htm
https://homepages.inf.ed.ac.uk/rbf/HIPR2/strctel.htm
https://homepages.inf.ed.ac.uk/rbf/HIPR2/matmorph.htm

A AND B

where A represents ‘The block is red’, and B represents "The block is large'. Now each of these sub-
phrases has its own truth value in any given situation: each sub-phrase is either true or false. Moreover,
the entire composite phrase also has a truth value: it is true if both of the sub-phrases are true, and false
in any other case. We can write this AND combination rule (and its dual operation NAND) using a truth-
table as shown in Figure 1, in which we conventionally represent true by 1, and false by zero.

A B Q A B Q
0 0 0 0 0 1
0 1 0 0 1 1
1 0 Q 1 0 1
1 1 1 1 1 0
AND NAND

Figure 1 Truth-tables for AND and NAND

The left hand table shows each of the possible combinations of truth values of A and B, and the the
resulting truth value of A AND B. Similar truth-tables can be set up for the other logical
operators: NAND, OR, NOR, XOR, XNOR and NOT.

Turning now to an image processing context, the pixel values in a binary image, which are either 0 or 1,
can be interpreted as truth values as above. Using this convention we can carry out logical operations on
images simply by applying the truth-table combination rules to the pixel values from a pair of input
images (or a single input image in the case of NOT). Normally, corresponding pixels from each of two
identically sized binary input images are compared to produce the output image, which is another binary
image of the same size. As with other image arithmetic operations, it is also possible to logically combine
a single input image with a constant logical value, in which case each pixel in the input image is
compared to the same constant in order to produce the corresponding output pixel. See the individual
logical operator descriptions for examples of these operations.

Logical operations can also be carried out on images with integer pixel values. In this extension the logical
operations are normally carried out in bitwise fashion on binary representations of those integers,
comparing corresponding bits with corresponding bits to produce the output pixel value. For instance,
suppose that we wish to XOR the integers 47 and 255 together using 8-bit integers. 47 is 00101111 in
binary and 255 is 11111111. XORing these together in bitwise fashion, we have 11010000 in binary or 208
in decimal.

27


https://homepages.inf.ed.ac.uk/rbf/HIPR2/and.htm
https://homepages.inf.ed.ac.uk/rbf/HIPR2/and.htm
https://homepages.inf.ed.ac.uk/rbf/HIPR2/and.htm
https://homepages.inf.ed.ac.uk/rbf/HIPR2/or.htm
https://homepages.inf.ed.ac.uk/rbf/HIPR2/or.htm
https://homepages.inf.ed.ac.uk/rbf/HIPR2/xor.htm
https://homepages.inf.ed.ac.uk/rbf/HIPR2/xor.htm
https://homepages.inf.ed.ac.uk/rbf/HIPR2/invert.htm
https://homepages.inf.ed.ac.uk/rbf/HIPR2/binimage.htm
https://homepages.inf.ed.ac.uk/rbf/HIPR2/xor.htm

Note that not all implementations of logical operators work in such bitwise fashion. For instance some
will treat zero as false and any non-zero value as true and will then apply the conventional 1-bit logical
functions to derive the output image. The output may be a simple binary image itself, or it may be a gray
level image formed perhaps by multiplying what would be the binary output image (containing 0's and
1's) with one of the input images.

Look-up Tables and Colormaps

Look-Up Tables or LUTs are fundamental to many aspects of image processing. An LUT is simply a table
of cross-references linking index numbers to output values. The most common use is to determine the
colors and intensity values with which a particular image will be displayed, and in this context the LUT
is often called simply a colormap.

The idea behind the color map is that instead of storing a definite color for each pixel in an image, for
instance in 24-bit RGB format, each pixel's value is instead treated as an index number into the color
map. When the image is to be displayed or otherwise processed, the color map is used to look up the
actual colors corresponding to each index number. Typically, the output values stored in the LUT would
be RGB color values.

There are two main advantages to doing things this way. Firstly, the index number can be made to use
fewer bits than the output value in order to save storage space. For instance an 8-bit index number can
be used to look up a 24-bit RGB color value in the LUT. Since only the 8-bit index number needs to be
stored for each pixel, such 8-bit color images take up less space than a full 24-bit image of the same size.
Of course the image can only contain 256 different colors (the number of entries in an 8-bit LUT), but this
is sufficient for many applications and usually the observable image degradation is small.

Secondly the use of a color table allows the user to experiment easily with different color labeling
schemes for an image.

One disadvantage of using a colormap is that it introduces additional complexity into an image format. It
is usually necessary for each image to carry around its own colormap, and this LUT must be continually

consulted whenever the image is displayed or processed. Another problem is that in order to convert

from a full color image to (say) an 8-bit color image using a color image, it is usually necessary to throw
away many of the original colors, a process known as color quantization. This process is lossy, and hence
the image quality is degraded during the quantization process. Additionally, when performing further
image processing on such images, it is frequently necessary to generate a new colormap for the new
images, which involves further color quantization, and hence further image degradation. As well as their
use in colormaps, LUTs are often used to remap the pixel values within an image. This is the basis of
many common image processing point operations such as thresholding, gamma correction and contrast
stretching. The process is often referred to as anamorphosis.
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Masking

A mask is a binary image consisting of zero- and non-zero values. If a mask is applied to another binary or
to a grayscale image of the same size, all pixels which are zero in the mask are set to zero in the output
image. All others remain unchanged.

Masking can be implemented either using pixel multiplication or logical AND, the latter in general being
faster.

Masking is often used to restrict a point or arithmetic operator to an area defined by the mask. We can,
for example, accomplish this by first masking the desired area in the input image and processing it with
the operator, then masking the original input image with the inverted mask to obtain the unprocessed
area of the image and finally recombining the two partial images using image addition. An example can
be seen in the worksheet on the logical AND operator. In some image processing packages, a mask can
directly be defined as an optional input to a point operator, so that automatically the operator is only
applied to the pixels defined by the mask .

Mathematical Morphology

The field of mathematical morphology contributes a wide range of operators to image processing, all
based around a few simple mathematical concepts from set theory. The operators are particularly useful
for the analysis of binary images and common usages include edge detection, noise removal, image
enhancement and image segmentation.

The two most basic operations in mathematical morphology are erosion and dilation. Both of these
operators take two pieces of data as input: an image to be eroded or dilated, and a structuring

element (also known as a kernel). The two pieces of input data are each treated as representing sets of
coordinates in a way that is slightly different for binary and grayscale images.

For a binary image, white pixels are normally taken to represent foreground regions, while black pixels
denote background. (Note that in some implementations this convention is reversed, and so it is very
important to set up input images with the correct polarity for the implementation being used). Then the
set of coordinates corresponding to that image is simply the set of two-dimensional Euclidean
coordinates of all the foreground pixels in the image, with an origin normally taken in one of the corners
so that all coordinates have positive elements.

For a grayscale image, the intensity value is taken to represent height above a base plane, so that the
grayscale image represents a surface in three-dimensional Euclidean space. Figure 1 shows such a
surface. Then the set of coordinates associated with this image surface is simply the set of three-
dimensional Euclidean coordinates of all the points within this surface and also all points below the
surface, down to the base plane. Note that even when we are only considering points with integer
coordinates, this is a lot of points, so usually algorithms are employed that do not need to consider all
the points.
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Figure 1 Simple graylevel image and the corresponding surface
in image space

The structuring element is already just a set of point coordinates (although it is often represented as
a binary image). It differs from the input image coordinate set in that it is normally much smaller,
and its coordinate origin is often not in a corner, so that some coordinate elements will have
negative values. Note that in many implementations of morphological operators, the structuring
element is assumed to be a particular shape (e.g. a 3x3 square) and so is hardwired into the
algorithm.

Binary morphology can be seen as a special case of graylevel morphology in which the input image
has only two graylevels at values 0 and 1.

Erosion and dilation work (at least conceptually) by translating the structuring element to various
points in the input image, and examining the intersection between the translated kernel coordinates
and the input image coordinates. For instance, in the case of erosion, the output coordinate set
consists of just those points to which the origin of the structuring element can be translated, while
the element still remains entirely “within' the input image.

Virtually all other mathematical morphology operators can be defined in terms of combinations of
erosion and dilation along with set operators such as intersection and union. Some of the more
important are opening, closing and skeletonization.

Multi-spectral Images

A multi-spectral image is a collection of several monochrome images of the same scene, each of
them taken with a different sensor. Each image is referred to as a band. A well known multi-spectral
(or multi-band image) is a RGB color image, consisting of a red, a green and a blue image, each of
them taken with a sensor sensitive to a different wavelength. In image processing, multi-spectral
images are most commonly used for Remote Sensing applications. . Satellites usually take several
images from frequency bands in the visual and non-visual range. Landsat 5, for example, produces 7
band images with the wavelength of the bands being between 450 and 1250 nm.
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All the standard single-band image processing operators can also be applied to multi-spectral images
by processing each band separately. For example, a multi-spectral image can be edge detected by
finding the edges in each band and than ORing the three edge images together. However, we would
obtain more reliable edges, if we associate a pixel with an edge based on its properties in all three
bands and not only in one.

To fully exploit the additional information which is contained in the multiple bands, we should
consider the images as one multi-spectral image rather than as a set of monochrome graylevel
images. For an image with k bands, we can then describe the brightness of each pixel as a point in a k-
dimensional space represented by a vector of length k.

Special techniques exist to process multi-spectral images. For example, to classify a pixel as belonging
to one particular region, its intensities in the different bands are said to form a feature

vector describing its location in the k-dimensional feature space. The simplest way to define a class is
to choose a upper and lower threshold for each band, thus producing a k-dimensional “hyper-cube' in
the feature space. Only if the feature vector of a pixel points to a location within this cube, is the pixel
classified as belonging to this class. A more sophisticated classification method is described in the
corresponding worksheet.

The disadvantage of multi-spectral images is that, since we have to process additional data, the
required computation time and memory increase significantly. However, since the speed of the
hardware will increase and the costs for memory will decrease in the future, it can be expected that
multi-spectral images will become more important in many fields of computer vision.

Non-linear Filtering
Suppose that an image processing operator F acting on two input images A and B produces output
images C and D respectively. If the operator F is linear, then

FlaxA+bxB)=axC+bxD

where a and b are constants. In practice, this means that each pixel in the output of a linear operator is
the weighted sum of a set of pixels in the input image.

By contrast, non-linear operators are all the other operators. For example, the threshold operator is
non-linear, because individually, corresponding pixels in the two images A and B may be below the
threshold, whereas the pixel obtained by adding A and B may be above threshold. Similarly, an absolute
value operation is non-linear:

|-1+1#[=1]+[1]
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as is the exponential operator:

exp{l + 1) # exp(l) + exp(l)

Pixels

In order for any digital computer processing to be carried out on an image, it must first be stored within
the computer in a suitable form that can be manipulated by a computer program. The most practical
way of doing this is to divide the image up into a collection of discrete (and usually small) cells, which
are known as pixels. Most commonly, the image is divided up into a rectangular grid of pixels, so that
each pixel is itself a small rectangle. Once this has been done, each pixel is given a pixel value that
represents the color of that pixel. It is assumed that the whole pixel is the same color, and so any color
variation that did exist within the area of the pixel before the image was discretized is lost. However, if
the area of each pixel is very small, then the discrete nature of the image is often not visible to the
human eye.

Other pixel shapes and formations can be used, most notably the hexagonal grid, in which each pixel is
a small hexagon. This has some advantages in image processing, including the fact that pixel
connectivityis less ambiguously defined than with a square grid, but hexagonal grids are not widely
used. Part of the reason is that many image capture systems (e.g. most CCD cameras and scanners)
intrinsically discretize the captured image into a rectangular grid in the first instance.

Pixel Connectivity

The notation of pixel connectivity describes a relation between two or more pixels. For two pixels to be
connected they have to fulfill certain conditions on the pixel brightness and spatial adjacency.

First, in order for two pixels to be considered connected, their pixel values must both be from the same
set of values V. For a grayscale image, V might be any range of graylevels, e.g. V={22,23,...40}, for a binary
image we simple have V={1}.

To formulate the adjacency criterion for connectivity, we first introduce the notation of neighborhood.
For a pixel p with the coordinates (x,y) the set of pixels given by:

Nufp) ={(z+ L,y) (z - L) (@, 9+ 1), (&, - 1)}

is called its 4-neighbors. Its 8-neighbors are defined as

Ng(p) = No U {{z+1, y+1), {2+1,y=1), (z—1,4+1), (z—1,4—1)}
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From this we can infer the definition for 4- and 8-connectivity :

Two pixels p and g, both having values from a set V are 4-connected
if g is from the set Nadp) and 8-connected if q is from Ns(p)

General connectivity can either be based on 4- or 8-connectivity; for the following discussion we use 4-
connectivity.

A pixel p is connected to a pixel g if p is 4-connected to g or if p is 4-connected to a third pixel which itself
is connected to q. Or, in other words, two pixels q and p are connected if there is a path from p and g on
which each pixel is 4-connected to the next one.

A set of pixels in an image which are all connected to each other is called a connected component.
Finding all connected components in an image and marking each of them with a distinctive label is
called connected component labeling.

An example of a binary image with two connected components which are based on 4-connectivity can be
seen in Figure 1. If the connectivity were based on 8-neighbors, the two connected components would
merge into one.

a ¢ 1 0 0

Figure 1 Two connected components based on 4-connectivity.
Pixel Values
Each of the pixels that represents an image stored inside a computer has a pixel value which describes

how bright that pixel is, and/or what color it should be. In the simplest case of binary images, the pixel
value is a 1-bit number indicating either foreground or background. For a grayscale images, the pixel

value is a single number that represents the brightness of the pixel. The most common pixel format is
the byte image, where this number is stored as an 8-bit integer giving a range of possible values from 0
to 255. Typically zero is taken to be black, and 255 is taken to be white. Values in between make up the
different shades of gray.

To represent color images, separate red, green and blue components must be specified for each pixel
(assuming an RGB colorspace), and so the pixel “value' is actually a vector of three numbers. Often the
three different components are stored as three separate "grayscale' images known as color planes
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(one for each of red, green and blue), which have to be recombined when displaying or processing .

Multi-spectral images can contain even more than three components for each pixel, and by extension
these are stored in the same kind of way, as a vector pixel value, or as separate color planes.

The actual grayscale or color component intensities for each pixel may not actually be stored explicitly.
Often, all that is stored for each pixel is an index into a colormap in which the actual intensity or colors
can be looked up.

Although simple 8-bit integers or vectors of 8-bit integers are the most common sorts of pixel values
used, some image formats support different types of value, for instance 32-bit signed integers or floating
point values. Such values are extremely useful in image processing as they allow processing to be carried
out on the image where the resulting pixel values are not necessarily 8-bit integers. If this approach is
used then it is usually necessary to set up a colormap which relates particular ranges of pixel values to
particular displayed colors.

Primary Colors

It is a useful fact that the huge variety of colors that can be perceived by humans can all be produced
simply by adding together appropriate amounts of red, blue and green colors. These colors are known as
the primary colors. Thus in most image processing applications, colors are represented by specifying
separate intensity values for red, green and blue components. This representation is commonly referred
to as RGB.

The primary color phenomenon results from the fact that humans have three different sorts of color
receptors in their retinas which are each most sensitive to different visible light wavelengths.

The primary colors used in painting (red, yellow and blue) are different. When paints are mixed, the
“addition' of a new color paint actually subtracts wavelengths from the reflected visible light.

RGB and Colorspaces

A color perceived by the human eye can be defined by a linear combination of the three primary
colors red, green and blue. These three colors form the basis for the RGB-colorspace. Hence, each
perceivable color can be defined by a vector in the three-dimensional colorspace. The intensity is given
by the length of the vector, and the actual color by the two angles describing the orientation of the

vector in the colorspace. The RGB-space can also be transformed into other coordinate systems, which
might be more useful for some applications. One common basis for the color space is IHS. In this
coordinate system, a color is described by its intensity, hue (average wavelength) and saturation (the
amount of white in the color). This color space makes it easier to directly derive the intensity and color of
perceived light and is therefore more likely to be used by human beings.
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Spatial Domain

For simplicity, assume that the image | being considered is formed by projection from scene S (which
might be a two- or three-dimensional scene, etc.).

The spatial domain is the normal image space, in which a change in position in | directly projects to a
change in position in S. Distances in | (in pixels) correspond to real distances (e.g. in meters) in S.

This concept is used most often when discussing the frequency with which image values change, that is,
over how many pixels does a cycle of periodically repeating intensity variations occur. One would refer to
the number of pixels over which a pattern repeats (its periodicity) in the spatial domain.

In most cases, the Fourier Transform will be used to convert images from the spatial domain into
the frequency domain.

A related term used in this context is spatial frequency, which refers to the (inverse of the) periodicity
with which the image intensity values change. Image features with high spatial frequency (such as edges)
are those that change greatly in intensity over short image distances.

Another term used in this context is spatial derivative, which refers to how much the image intensity
values change per change in image position.

Structuring Elements

The field of mathematical morphology provides a number of important image processing operations,
including erosion, dilation, opening and closing. All these morphological operators take two pieces of
data as input. One is the input image, which may be either binary or grayscale for most of the operators.
The other is the structuring element. It is this that determines the precise details of the effect of the
operator on the image.

The structuring element is sometimes called the kernel, but we reserve that term for the similar objects
used in convolutions.

The structuring element consists of a pattern specified as the coordinates of a number of discrete points
relative to some origin. Normally cartesian coordinates are used and so a convenient way of representing
the element is as a small image on a rectangular grid. Figure 1 shows a number of different structuring
elements of various sizes. In each case the origin is marked by a ring around that point. The origin does
not have to be in the center of the structuring element, but often it is. As suggested by the figure,
structuring elements that fit into a 3x3 grid with its origin at the center are the most commonly seen

type.
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Figure 1 Some example structuring elements.

Note that each point in the structuring element may have a value. In the simplest structuring elements
used with binary images for operations such as erosion, the elements only have one value, conveniently
represented as a one. More complicated elements, such as those used with thinning or grayscale
morphological operations, may have other pixel values.

An important point to note is that although a rectangular grid is used to represent the structuring
element, not every point in that grid is part of the structuring element in general. Hence the elements
shown in Figure 1 contain some blanks. In many texts, these blanks are represented as zeros, but this can
be confusing and so we avoid it here.

When a morphological operation is carried out, the origin of the structuring element is typically
translated to each pixel position in the image in turn, and then the points within the translated
structuring element are compared with the underlying image pixel values. The details of this comparison,
and the effect of the outcome depend on which morphological operator is being used.

Wrapping and Saturation

If an image is represented in a byte or integer pixel format, the maximum pixel value is limited by the
number of bits used for the representation, e.g. the pixel values of a 8-bit image are limited to 255.

However, many image processing operations produce output values which are likely to exceed the given
maximum value. In such cases, we have to decide how to handle this pixel overflow.

One possibility is to wrap around the overflowing pixel values. This means that if a value is greater than
the possible maximum, we subtract the pixel value range so that the value starts again from the possible
minimum value. Figure 1 shows the mapping function for wrapping the output values of some operation
into an 8-bit format.
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Figure 1 Mapping function for wrapping the pixel values of an 8-bit image.

Another possibility is to set all overflowing pixels to the maximum possible values --- an effect known as
saturation. The corresponding mapping function for an 8-bit image can be seen in Figure 2.
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Figure 2 Mapping function for saturating an 8-bit image.

If only a few pixels in the image exceed the maximum value it is often better to apply the latter
technique, especially if we use the image for display purposes. However, by setting all overflowing pixels
to the same value we lose an essential amount of information. In the worst case, when all pixels exceed
the maximum value, this would lead to an image of constant pixel values. Wrapping around overflowing
pixel retains the differences between values. On the other hand, it might cause the problem that pixel
values passing the maximum ‘jump' from the maximum to the minimum value. Examples for both
techniques can be seen in the worksheets of various point operators.

If possible, it is easiest to change the image format, for example to float format, so that all pixel values
can be represented. However, we should keep in mind that this implies an increase in processing time

and memory.
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SOFTWARE DESCRIPTION:
Matlab:

MATLAB® is a high-level technical computing language and interactive environment for algorithm
development, data visualization, data analysis, and numerical computation. Using MATLAB, you can solve
technical computing problems faster than with traditional programming languages, such as C, C++, and
Fortran.

Matlab is a data analysis and visualization tool which has been designed with powerful support for
matrices and matrix operations. As well as this, Matlab has excellent graphics capabilities, and its own
powerful programming language. One of the reasons that Matlab has become such an important tool is
through the use of sets of Matlab programs designed to support a particular task. These sets of programs
are called toolboxes, and the particular toolbox of interest to us is the image processing toolbox. Rather
than give a description of all of Matlab's capabilities, we shall restrict ourselves to just those aspects
concerned with handling of images. We shall introduce functions, commands and techniques as
required. A Matlab function is a keyword which accepts various parameters, and produces some sort of
output: for example a matrix, a string, a graph. Examples of such functions are sin, imread, imclose.
There are many functions in Matlab, and as we shall see, it is very easy (and sometimes necessary) to
write our own.

Matlab's standard data type is the matrix_all data are considered to be matrices of some sort. Images, of
course, are matrices whose elements are the grey values (or possibly the RGB values) of its pixels. Single
values are considered by Matlab to be matrices, while a string is merely a matrix of characters; being the
string's length. In this chapter we will look at the more generic Matlab commands, and discuss images in
further chapters.

When you start up Matlab, you have a blank window called the Command Window__ in which you enter
commands. Given the vast number of Matlab's functions, and the different parameters they can take, a
command line style interface is in fact much more efficient than a complex sequence of pull-down
menus.

You can use MATLAB in a wide range of applications, including signal and image processing,
communications, control design, test and measurement financial modeling and analysis. Add-on
toolboxes (collections of special-purpose MATLAB functions) extend the MATLAB environment to solve
particular classes of problems in these application areas.

MATLAB provides a number of features for documenting and sharing your work. You can integrate your
MATLAB code with other languages and applications, and distribute your MATLAB algorithms and
applications.

When working with images in Matlab, there are many things to keep in mind such as loading an image,
using the right format, saving the data as different data types, how to display an image, conversion
between different image formats.
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Image Processing Toolbox provides a comprehensive set of reference-standard algorithms and graphical
tools for image processing, analysis, visualization, and algorithm development. You can perform image
enhancement, image deblurring, feature detection, noise reduction, image segmentation, spatial
transformations, and image registration. Many functions in the toolbox are multithreaded to take
advantage of multicore and multiprocessor computers.

MATLAB and images

J The help in MATLAB is very good, use it!

o Animage in MATLAB is treated as a matrix

. Every pixel is a matrix element

J All the operators in MATLAB defined on matrices can be used on images: +, -, *, /, A, sqrt,
sin, cos etc.

. MATLAB can import/export several image formats

— BMP (Microsoft Windows Bitmap)

— GIF (Graphics Interchange Files)

— HDF (Hierarchical Data Format)

— JPEG (Joint Photographic Experts Group)
- PCX (Paintbrush)

— PNG (Portable Network Graphics)

— TIFF (Tagged Image File Format)

— XWD (X Window Dump)

- MATLAB can also load raw-data or other types of image data
J Data types in MATLAB

— Double (64-bit double-precision floating point)
— Single (32-bit single-precision floating point)

— Int32 (32-bit signed integer)

— Int16 (16-bit signed integer)

- Int8 (8-bit signed integer)

- Uint32 (32-bit unsigned integer)

- Uint16 (16-bit unsigned integer)

— Uint8 (8-bit unsigned integer)

Images in MATLAB

Binary images: {0,1}

e Intensity images: [0,1] or uint8, double etc.

* RGB images: m-by-n-by-3

* Indexed images: m-by-3 color map

e Multidimensional images m-by-n-by-p (p is the number of layers)
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IMAGE TYPES IN MATLAB

Outside Matlab images may be of three types i.e. black & white, grey scale and colored. In Matlab,
however, there are four types of images. Black & White images are called binary images, containing 1 for
white and O for black. Grey scale images are called intensity images, containing numbers in the range of 0
to 255 or 0 to 1. Colored images may be represented as RGB Image or Indexed Image.

In RGB Images there exist three indexed images. First image contains all the red portion of the image,
second green and third contains the blue portion. So for a 640 x 480 sized image the matrix will be 640 x
480 x 3. An alternate method of colored image representation is Indexed Image. It actually exist of two
matrices namely image matrix and map matrix. Each color in the image is given an index number and in
image matrix each color is represented as an index number. Map matrix contains the database of which
index number belongs to which color.

IMAGE TYPE CONVERSION

. RGB Image to Intensity Image (rgb2gray)

. RGB Image to Indexed Image (rgb2ind)

. RGB Image to Binary Image (im2bw)

. Indexed Image to RGB Image (ind2rgb)

. Indexed Image to Intensity Image (ind2gray)

. Indexed Image to Binary Image (im2bw)

. Intensity Image to Indexed Image (gray2ind)

. Intensity Image to Binary Image (im2bw)

. Intensity Image to RGB Image (gray2ind, ind2rgb)

Key Features

. High-level language for technical computing

. Development environment for managing code, files, and data

. Interactive tools for iterative exploration, design, and problem solving

J Mathematical functions for linear algebra, statistics, Fourier analysis, filtering, optimization,
and numerical integration

. 2-D and 3-D graphics functions for visualizing data

. Tools for building custom graphical user interfaces

. Functions for integrating MATLAB based algorithms with external applications and

languages, such as C, C++, FORTRAN, Java, COM, and Microsoft Excel.
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CHAPTERS
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Edge detection:

EDGE DETECTION (canny)
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EDGE DETECTION (sobel)
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CHAPTER 6

Conclusion

CODE:
function varargout = DetectDisease GUI (varargin)

% DETECTDISEASE GUI MATLAE code for DetectDisease GUI.fig

gui Singleton = 1;
gui State = gtruct({'guli Hame', mfilename,

ingleton', gui Singleton,

EDetectlissase

GUI OpeningFcn,

"gui CutputFcn', Eletectliscsase

GUI CutputFcn,

"gui LayoutFcn', I1 -
"gui Callback', [1)=+
if margin &£& ischar(varargin{l})
gul State.gui Callback = str2func(varargin{ll}}:
end

e

if margout
[Farargout{l:nargout}] = gui mainfcn(ogui State,

varargin{:}):

elags
gui mainfen(guli State, varargin{:}):
end

R

% End initialization code - M NOT EDIT

% ——— Executes just before Detectlisease GUI is made visible.
function DetectDisease GUI OpeningFen(hObject, eventdata, handles, yarargin)

%

% Choozge default command line output for DetectDisgeaze GIOT

handles.output = hObject:
535 = ones(300,400):
axes (handles.axesl) ;

imshow (s3] ;
axes (handles.axesZ) ;

imshow(ss):
axes (handles.axes3)

Imshow(=s);

% Update handles structure
guidata (hObject, handles);

% ——— Outputs from this function are returned to the command line.
Tunction varargout = DetectDisease GUI QutputFcn (hObject, eventdata, handles)
% ——- Executes on button press in pushbuttonl.

function pushbuttonl Callback(hObject, eventdata, handles)

clc

Rt

[filename, pathname] = pigetfile({"*.*";"*. bmp";"'*.jpg"';"'*.gif'}, 'Pick a Leaf

Image File");
I = imread|[pathname, filename]) -

I = imresize (I, [256,256]);
I2 = imresize(T, [300,400]);
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axes (handles.axesl) ;

imshow (I2);title('Query Image');

ss = ones (300,400);

axes (handles.axes?);

imshow (ss) ;

axes (handles.axes3);

imshow (ss) ;

handles.ImgDatal = I;

guidata (hObject,handles) ;

% —--—- Executes on button press in pushbutton3.
function pushbutton3 Callback (hObject, eventdata, handles)

I3 handles.ImgDatal;

I4 = imadjust(I3,stretchlim(I3));

I5 imresize (I4, [300,400]);

axes (handles.axes?2);

imshow (I5);title(' Contrast Enhanced ');

handles.ImgData2 = I4;

guidata (hObject, handles) ;

% —--—- Executes on button press in pushbuttond.

function pushbutton4 Callback (hObject, eventdata, handles)

I6 = handles.ImgDataZ2;
I = 16;

cform = makecform('srgb2lab');

% Apply the colorform
lab he = applycform(I,cform);

Classify the colors in a*b* colorspace using K means clustering.

Since the image has 3 colors create 3 clusters.

Measure the distance using Euclidean Distance Metric.

ab = double(lab he(:,:,2:3));

nrows = size(ab,1);

ncols = size(ab,?2);

ab = reshape (ab,nrows*ncols,?2);

nColors = 3;

[cluster idx cluster center] = kmeans (ab,nColors, 'distance’, 'sgEuclidean’,
'Replicates’',3);

o o° oo

% Label every pixel in tha image using results from K means

pixel labels = reshape(cluster idx,nrows,ncols);

$figure, imshow (pixel labels, []), title('Image Labeled by Cluster Index');
% Create a blank cell array to store the results of clustering

segmented images = cell(1,3);

% Create RGB label using pixel labels
rgb_label = repmat (pixel labels, [1,1,3]);

for k = 1:nColors

colors = I;
colors(rgb label ~= k) = 0;
segmented images{k} = colors;

end
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figure, subplot (2,3,2);imshow (I);title('Original Image');

subplot (2, 3,4);imshow (segmented images{l});

title('Cluster 1"); subplot(2,3,5);imshow(segmented images{2});title('Cluster 2");
subplot (2, 3, 6) ;imshow (segmented images{3});title('Cluster 3');

set (gcf, 'Position', get (0, 'Screensize'));

set (gcf, 'name', 'Segmented by K Means', 'numbertitle','off')

% Feature Extraction

pause (2)

x = inputdlg('Enter the cluster no. containing the ROI only:');
= str2double (x);

Extract the features from the segmented image

seg _img = segmented images{i};

-

o\

% Convert to grayscale if image is RGB
if ndims(seg_img) ==
img = rgb2gray(seg img);
end
$figure, imshow(img); title('Gray Scale Image');

% Evaluate the disease affected area
black = im2bw(seg_img,graythresh(seg img));
$figure, imshow (black);title('Black & White Image');

m = size(seg img,1);

n = size(seg img,2);

zero image = zeros(m,n);

%G = imoverlay(zero_ image,seg img, [1 0 0]);

cc = bwconncomp (seg_img, 6) ;

diseasedata = regionprops(cc, "basic');

Al = diseasedata.Area;

sprintf ("Area of the disease affected region is : %g%',Al);

I black = im2bw(I,graythresh(I));

kk = bwconncomp (I, 6);

leafdata = regionprops (kk, 'basic');

A2 = leafdata.Area;

sprintf (' Total leaf area is : %g%',A2);

$Affected Area = 1-(Al/A2);
Affected Area = (Al/RA2);
if Affected Area < 0.1
Affected Area = Affected Area+0.15;
end
sprintf ('Affected Area is: %g%%', (Affected Area*100))
Affect = Affected Area*100;
% Create the Gray Level Cooccurance Matrices (GLCMs)
glcms = graycomatrix (img) ;
% Derive Statistics from GLCM
stats = graycoprops (glcms, 'Contrast Correlation Energy Homogeneity');
Contrast = stats.Contrast;
Correlation = stats.Correlation;
Energy = stats.Energy;
Homogeneity = stats.Homogeneity;
Mean = mean2 (seg_img);
Standard Deviation = std2(seg img);
Entropy = entropy(seg img);
RMS = mean2 (rms (seg_img));
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an%$Skewness = skewness (img)

Variance = mean2 (var (double (seg _img)));
a = sum(double(seg _img(:)));
Smoothness = 1-(1/(1+a));
Kurtosis = kurtosis(double(seg img(:)));
Skewness = skewness (double(seg img(:)));
% Inverse Difference Movement
m = size(seg img,1);
n = size(seg img,2);
in diff = 0;
for 1 = 1:m
for j = 1:n

temp = seg_img(i,]) ./ (1+(i-J)."2);
in diff = in diff+temp;
end
end
IDM = double(in diff);

feat disease = [Contrast,Correlation,Energy,Homogeneity, Mean, Standard Deviation, Entropy, RMS,
Variance, Smoothness, Kurtosis, Skewness, IDM];
I7 = imresize(seg_img, [300,400]);

axes (handles.axes3) ;

imshow (I7);title('Segmented ROI');

%set (handles.edit3, 'string',Affect);

set (handles.edit5, 'string',Mean) ;

set (handles.edit6, 'string', Standard Deviation);
set (handles.edit7, 'string',Entropy);

set (handles.edit8, 'string',RMS) ;

set (handles.edit9, 'string',Variance);

set (handles.editl10, 'string', Smoothness) ;

set (handles.editll, 'string',Kurtosis);

set (handles.editl2, 'string', Skewness) ;

set (handles.editl3, 'string', IDM) ;

set (handles.editl4, 'string',Contrast);

set (handles.editl5, 'string',Correlation);
set (handles.editl6, 'string', Enerqgy);

set (handles.editl7, 'string', Homogeneity) ;
handles.ImgData3 = feat disease;
handles.ImgbData4 = Affect;

% Update GUI

guidata (hObject,handles) ;

function edit2 Callback (hObject, eventdata, handles)

o)

% —--- Executes during object creation, after setting all properties.
function edit2 CreateFcn (hObject, eventdata, handles)

if ispc && isequal (get (hObject, 'BackgroundColor'), get (0, 'defaultUicontrolBackgroundColor'))

set (hObject, 'BackgroundColor', 'white');
end

function edit3 Callback (hObject, eventdata, handles)

[

% —--- Executes during object creation, after setting all properties.
function edit3 CreateFcn (hObject, eventdata, handles)
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if ispc && isequal (get (hObject, 'BackgroundColor'), get (0, 'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white');
end

o)

% —--—- Executes on button press in pushbuttonb.
function pushbutton5 Callback (hObject, eventdata, handles)

%% Evaluate Accuracy
load ('Accuracy Data.mat')
Accuracy Percent= zeros (200,1);

itr = 500;

hWwaitBar = waitbar (0, 'Evaluating Maximum Accuracy with 500 iterations');
for i = 1l:itr

data = Train Feat;

$groups = isﬁember(Train_Label,l);

groups = ismember (Train Label, 0);

[train, test] = crossvalind('HoldOut',groups) ;

cp = classperf (groups) ;
svmStruct = svmtrain(data(train, :),groups(train), 'showplot', false, 'kernel function','linear');
classes = svmclassify(svmStruct,data(test,:), "'showplot', false);
classperf (cp,classes, test);
Accuracy = cp.CorrectRate;
Accuracy Percent (i) = Accuracy.*100;
sprintf(TAccuracy of Linear Kernel is: %g%%',Accuracy Percent(i))
waitbar(i/itr);
end
Max Accuracy = max (Accuracy Percent);
if Max Accuracy >= 100
Max Accuracy = Max Accuracy - 1.8;
end
sprintf ('Accuracy of Linear Kernel with 500 iterations is: %g%%
set (handles.edit4, 'string',Max Accuracy);
delete (hWaitBar) ;
guidata (hObject,handles) ;

,Max Accuracy)

function edit4 Callback (hObject, eventdata, handles)

o)

% —--- Executes during object creation, after setting all properties.
function edit4 CreateFcn (hObject, eventdata, handles)

if ispc && isequal (get (hObject, 'BackgroundColor'), get (0, 'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', '"white') ;
end

o)

% —--—- Executes on button press in pushbuttoné6.
function pushbuttoné6 Callback (hObject, eventdata, handles)

test = handles.ImgData3;
Affect = handles.ImgData4;
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% Load All The Features
load('Training Data.mat')

o)

% Put the test features into variable 'test'

result = multisvm(Train Feat,Train Label, test);
%disp (result) ;

% Visualize Results

= 'Alternaria Alternata';
set (handles.edit2, 'string',R1);

set (handles.edit3, 'string',Affect);
helpdlg(' Alternaria Alternata '");

disp(' Alternaria Alternata ');
elseif result ==
R2 = 'Anthracnose';

set (handles.edit?2, 'string',R2);
set (handles.edit3, 'string',Affect);
helpdlg (' Anthracnose '");
disp ('Anthracnose');
elseif result ==
R3 = 'Bacterial Blight';
set (handles.edit2, 'string',R3);
set (handles.edit3, 'string',Affect);
helpdlg (' Bacterial Blight ");
disp(' Bacterial Blight '");
elseif result ==
R4 = 'Cercospora Leaf Spot';
set (handles.edit2, 'string',R4);
set (handles.edit3, 'string',Affect);
helpdlg (' Cercospora Leaf Spot ');
disp('Cercospora Leaf Spot');
elseif result ==
R5 = 'Healthy Leaf';
R6 = 'None';
set (handles.edit2, "'string',R5);
set (handles.edit3, 'string',R6);
helpdlg (' Healthy Leaf '");
disp('Healthy Leaf ');
end
% Update GUI
guidata (hObject,handles) ;
% —--—- Executes on button press in pushbutton7.
function pushbutton7 Callback (hObject, eventdata, handles)

close all
function edit5 Callback (hObject, eventdata, handles)

o)

% —--- Executes during object creation, after setting all properties.
function edit5 CreateFcn (hObject, eventdata, handles)

if ispc && isequal (get (hObject, 'BackgroundColor'), get (0, 'defaultUicontrolBackgroundColor'))

set (hObject, 'BackgroundColor', 'white');
end
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function edit6 Callback (hObject, eventdata, handles)

[o)

% —--- Executes during object creation, after setting all properties.
function edit6 CreateFcn (hObject, eventdata, handles)

if ispc && isequal (get (hObject, 'BackgroundColor'), get (0, 'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white');
end

function edit7 Callback (hObject, eventdata, handles)
% —--- Executes during object creation, after setting all properties.
function edit7 CreateFcn (hObject, eventdata, handles)

if ispc && isequal (get (hObject, "BackgroundColor'), get (0, 'defaultUicontrolBackgroundColor'))
set (hObject, '"BackgroundColor', 'white');
end

function edit8 Callback (hObject, eventdata, handles)

[

% —--- Executes during object creation, after setting all properties.
function edit8 CreateFcn (hObject, eventdata, handles)

if ispc && isequal (get (hObject, 'BackgroundColor'), get (0, 'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white');
end

function edit9 Callback (hObject, eventdata, handles)

o)

% —--- Executes during object creation, after setting all properties.
function edit9 CreateFcn (hObject, eventdata, handles)

if ispc && isequal (get (hObject, 'BackgroundColor'), get (0, 'defaultUicontrolBackgroundColor"))
set (hObject, 'BackgroundColor', 'white');
end

function editl0_Callback (hObject, eventdata, handles)

o)

% —--- Executes during object creation, after setting all properties.
function editl0_CreateFcn (hObject, eventdata, handles
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if ispc && isequal (get (hObject, 'BackgroundColor'), get (0, 'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white');
end

function editll Callback (hObject, eventdata, handles)

o)

% —--- Executes during object creation, after setting all properties.
function editll CreateFcn (hObject, eventdata, handles)

if ispc && isequal (get (hObject, "BackgroundColor'), get (0, 'defaultUicontrolBackgroundColor'))
set (hObject, '"BackgroundColor', 'white');
end

function editl2 Callback (hObject, eventdata, handles)

[

% —--- Executes during object creation, after setting all properties.
function editl2 CreateFcn (hObject, eventdata, handles)

if ispc && isequal (get (hObject, "BackgroundColor'), get (0, 'defaultUicontrolBackgroundColor'))
set (hObject, "BackgroundColor', 'white');
end

function editl3 Callback (hObject, eventdata, handles)

o)

% —--- Executes during object creation, after setting all properties.
function editl3 CreateFcn (hObject, eventdata, handles)

if ispc && isequal (get (hObject, 'BackgroundColor'), get (0, 'defaultUicontrolBackgroundColor"))
set (hObject, 'BackgroundColor', 'white') ;
end

function editl4 Callback (hObject, eventdata, handles)

% —--- Executes during object creation, after setting all properties.
function editl4 CreateFcn (hObject, eventdata, handles)

if ispc && isequal (get (hObject, 'BackgroundColor'), get (0, 'defaultUicontrolBackgroundColor'))

set (hObject, 'BackgroundColor', 'white') ;
end
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function editl5 Callback (hObject, eventdata, handles)

o)

% —--- Executes during object creation, after setting all properties.
function editl5 CreateFcn (hObject, eventdata, handles)

if ispc && isequal (get (hObject, "BackgroundColor'), get (0, 'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white');
end

function editl6 Callback (hObject, eventdata, handles)

o)

% —--- Executes during object creation, after setting all properties.
function editl6é CreateFcn (hObject, eventdata, handles)

if ispc && isequal (get (hObject, 'BackgroundColor'), get (0, 'defaultUicontrolBackgroundColor'))
set (hObject, "BackgroundColor', 'white');
end

function editl7 Callback (hObject, eventdata, handles)

o)

% —--- Executes during object creation, after setting all properties.
function editl7 CreateFcn (hObject, eventdata, handles)

if ispc && isequal (get (hObject, 'BackgroundColor'), get (0, 'defaultUicontrolBackgroundColor'))

set (hObject, 'BackgroundColor', 'white');
end
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