Palestine Polytechnic University

M= sl a,

College of Administrative Sciences & Informatics
Information Technology Department

Features Extraction of Plant Compound Leaf

Project Team

Asma Ishaq Idais
Duaa Wail Abu Maizer
Haneen Msalam Tartory

Project Supervisors

Dr. Hashem Tamimi & Dr. Rami Arafeh

This project is presented to the Department of Information Tec
Administrative Sciences & Informatics, for partial fulfillment Bachelor of Information

Technology degree requirements.

May, 2010

‘ Pm_\'f:r:ﬁ';m'&c University
epiy
© The LDTGTY  hikedl!

~ i R | L \
A lfﬁ&&'tc;f:!ﬁ%?“s‘-‘g ""mﬂl?, w

ACT. cecernesennses

l S P il 2 4
LClc:ss . 4_), ‘
%_J




Abstract

Extraction features from plant leaf represents g challenging problem in image processing. Many
* researchers extracted featu.res from plant leaf to help in plant classification and also in early
diagnosis of certain plant diseases. Many previous researches emphasized on extracting features
from simple leaf using image processing techniques.

This project aims at proposing a methodology to extract features from a compound leaf using
image processing, which is used for clustering plants that have compound leaves into similarity
groups; this will help to know the plants that have similarity features. The experimental results
show that the proposed methodology of extracting features from a compound leaf can be used to

cluster the plant compound leaf into similarity groups using hierarchical clustering method.
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Chapter One

O/’—f e Introduction

1.1 Overview

Plants represent an important component in human life: they are source of food. source of
il > 5 (&

energy, used mn industry and as construction material and also used for their medicinal values

Recent advances in computer technology open new avenues in many life sciences including plant

biology (Botany). Computer recognition of plant types and discrimination between plants by

computer feature extraction are gaining more attention among scientists

Many plants carry significant information for humans, features of plant can be extracted from
different parts of the plant such as fruits, flowers, roots or plant leaves, and it could have many

implications for example in plant taxonomy or in the early diagnosis of certain plant diseases.

Recently, some studies focused on extracting certain features from the plant depending on its
leaves which is considered as an obvious feature using image processing techniques.
Nevertheless, the previous works in literature showed that there are many works on a simple leaf
of different plant species; on the other hand, few studies have focused on using a compound leaf,

which is considered to be more complicated.

This project aims at proposing a methodology to extract features from compound leaves using
image processing techniques. In this project, the main features of a compound leaf are proposed,
and as a case study, tomato leaf is suggested because it appears in many types depending on the

variety of fruit shape and size.

These extracted features are used in this project to identify points of matching among the leaves,
and to cluster plants that have compound leaves into similarity groups based on features; this will

help the interested researchers in the plant field to know the similarity plants that have the

similar features, also the clustering can be used to reduce the size of large numbers of plant’s

types to help in classification. These two methods also help to verify the importance of features
extracted in this project.

The proposed methodology uses digital images of a compound leaf, then using Image processing

to pre-process the images of the leaf to isolate the main leaf from other parts of leaf, and then to
: . T
extract morphological features from plant leaf image. After that the hierarchal clustering is used to

do the clustering process.
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The expected results of this project will be 4 methodology that dd
; can read digital i
compound leaf and give a statement and numbers that describe this leaf i g ad lmageWIOf
R ‘ : , in a good way with
minimum intervention from user, and the project can read a sample of plant ¢ ’ d lyaf d
ompound leaf an

them into similan i
cluster the milanity groups depending on the proposed features using hierarchical
erarchica

clustering.

1.2 Project objectives
The project aims at achieving two objectives:

o The main objective of this project is developing a methodology that can extract features

from plant compound leaf, using image processing techniques.

o The other objective of this project is finding similarity in groups of plants that have

compound leaves.

1.3 Project block diagram

The main steps of this project are illustrated in Figure 1.1.

Capturing leaf image Extracting the

b o Processing the image
y scanner or digital > g g o features from the
camera I
image

and enhancement

Clustering of plant leaf
depending on extracted
features.

Identifying the points
of matching among the |<—
leaves.

Figure 1.1 Block diagram of plant leaf recognition
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1.4 Project benefits

Before mentioning the benefits of this Project, a Summary about some drawbacks i I
wbacks in previous

works that related to this project is presented, some of these drawbacks includi
uding;

]. Most previous works focused on extracting morphological features from simple leaf.
2. In previous works, researchers depended on complicated computations and analysis to

describe the morphological features of plant leaf.

3. In many previous researches, the process of extracting the features depended on high user

intervention.

This project aims at overcoming these drawbacks by developing a methodology contains many

benefits including:

1. Developing a method that can extract morphological features from a compound leaf,

which is considered more difficult than simple leaf.

2. Making the process of extracting the features automatically with minimum user

intervention.

3. Getting benefits from the different techniques was used, to improve the quality of this
methodology.

4. Depending on the proposed features, this project will help to reduce the numbers of
plant’s types by finding the similarity types to facilitate the classification.

1.5 Sample of study
features extraction of a

In this project a tomato leaf is taken as a case study for morphological
d leaf. Leaves could be

compound leaf. Tomato leaf is a good example of a diverse compoun
r from tomato farms that

obtained either from leaf scanned images, from intemet sources, O

Tepresenting varieties grown in Palestine.
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1.6 Expected results

The expected results of this project are:

1. A computer based method that can read 5 scanned image of a compound leaf and give a
statements and numbers that describes this leaf from the image with minimum

intervention of user

2. The project can read a sample of plant compound leaves and cluster them into similarity

groups depending on the proposed features
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2.1 Overview

plant leaf carries significant information for human, such information could be used to classify

plants or to the early diagnosis of certain plant diseases. Certain features of plant leaf should b
extracted and identified in order to end up with usefiy] information EE

To extract these features, they should be identified carefully in order to know their variations and
the important features that should be studied. In order that in this chapter a good background of

plant leaf features will be introduced under the section morphological features of plant leaf.

In order to extract the morphological features of plant leaf there are some techniques in image
processing will be implemented. In the second section of this chapter the image processing
techniques are needed in this project will be explained. Some of them are: converting from RGB
color to binary color, morphological operation on binary image such as erosion, dilation,

opening, and closing, and connected component technique will be explained.

Final section of this chapter will cover the cluster analysis concept, algorithms and hierarchical

clustering methods.

2.2 Features of the plant leaf

This section introduces features as a general, the general morphological features of plant leaf, the

difference between simple and compound leaf, and the main characteristics of tomato leaf.

2.2.1 What are features?

Features are defined as points represent images in multidimensional feature space which are used
ar to each other when the

to compute the similarity between the images. The images are simil
images are close to each other in high dimensional space.

Feature extraction can be defined as the process of mapping imag
thods in accuracy and time of

e from its original space. Some

of the methods to extract features are better than other me

computation process (Tamimi, 2006, p-22) [1].
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hes of fi :
Some approaches of features extraction can produce the following features (Tamimi, 2006, p.23)

[1]:

1.
2.

Uniqueness: 1mages are different to awareness of human have the different features

Invanance: images are similar to awareness of human have the similar features

3. Stability: the degree of similarity between two images that leads to small degree of

similarity in matching features,

Efficiency: the feature should be with small size without losing characteristics.

. Ease of implementation: the feature extraction should be with efficient consecutively.

Local and Global Features

There are two ways for extracting features from an image (Tamimi, 2006, p.24)[1]:

. Global Feature: one feature is extracted from whole image.

Advantages are compact representation of an image and standard classification algorithms
and the implementation for detecting and extracting less complicated than local features.
Disadvantages are sensitive to occlusion and require segmentation.

Examples of global features are histogram and Principal Component Analysis (PCA).

Local Feature: Set of features is extracted from the image that describes localized image
regions and these regions called patches. Descriptors are a set of features that describe
small image region and they are computed around interest points. Local features do not
lend themselves easily to standard classification techniques.

Advantages occlusions are no need for segmentation, robust to occlusion.

Disadvantage is the images are represented by different size sets of feature vector.

Transform (SIFT) and (PCA) based

Examples of local features are Scale Invariant Feature

local features.
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2.2.2 General morphological features of the plant leaf
ea

In biology, the study of the si
o : ze, shape, and structure of organisms in relati inci
generalization [2], 1s called morphology. on to some principle or

1 : :
When tihpleatSed. uBin ehGonipiiter technology emphasis should follow on morphological

features of plant leaf, these morphological features can be used to classify plant and to stud
plant leaf and interaction with environment. P study the

Before talking about the morphological featur i
es, the main parts of leaf should b i
make features obviously. sl e

The main parts for a leaf are: leaf blade (lamina), stipules and petiole. The blade is the flat part of
the leaf, forms the green portion of the leaf. The petiole is the leaf stalk. Some leaves do not have
petioles so the base of the leaf'is attached to the stem. Stipules are leaf like parts at the base of the
leaf [2]. Other parts of leaf are axil which is an angle between petiole and the stem, and axillary
bud which is a bud present in the axil (Figure 2.1).

Leaf lamina

Axillary bud e

Figure 2.1 Parts of leaf [3] : :
Where the main parts of leaf are: leaf blade, stipules and petiole.




o Chapter Two
y

Background

General morphological features in plant leaf that g be studied are [3]:
ed are

o Venation which is the arangement of veing inal
e

o Shapes of leaf, such as linear, ovate, reniform and obovate

Airr.an Feeignlsal mavbe simple, or palmately compound, or pinnately compound or
bipinnately compound.

o Margin of leaf which is the edge of a leaf; such as entire, dentate

e Arrangement on the stem is how the stem of plant arranges, such as alternate, opposite,
whorled. (See Figure 2.2 for more illustration).

YENATION SHAPES ARR ANGEMENT MARGINS HRRANOEHIENT

ON THE STEM

¢

lmear
‘ entire
pinnate D'JWﬁte @
ovate crenate
palmatel y |
pinnately compound
lobed |
parallel Tt
~ pinnately
a compound
Dalmatel y i e
o serrate
palmate ~ |
i e g bipinnatel
T co?npound : Tobed ~ whorled
©1996 Enoyclopaedia ritannica, ne.  lobed
Figure 2.2 Common morphologlcal features of plant leaf [3]

General morphologlcal features contain venation, shapes, arrangement,

margins and arrangement on the stem.
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2.2.3 Simple and Compound leaf

Because this project focuses o 1
N extracting features from a compound leaf
und leaf rather than sim
ple leaf,

the differences between these two
types should be exp]aj
xplained.

Plants have two main types e
he blade i 1Zp of leaves; simple and compound leaf. A simple leaf
t e e 1S ears 1 . 5 p ele l 1 . 5
‘ app l‘ e one unit. On the other hand, compound leaf i s
blades and it appears like many simple leaves called leaflet eaf is one leaf that has many
S.

that is connected to b g :
o band on axil is a simple leaf, whereas a leaflet that has no bud at its base i
its base is

part of a compound leaf (Figure 2.3).

C
. . 5

like from a common basal point of attachment [4] (See Figure 2.3 for more illustration.)

ONCE COMPOUND LEAVES

Pinnately compound Palmately compound

Figure 2.3 Compound leaf types [5]
Compound leaf can be pinnately; with the Jeaflets arranged on both
sides of the rachis, or palmately; where three or more leaflets
radiating fan-like from a common basal point of attachment.
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2.2.4 Characteristics of tomato leaf

nature charactenistic of tomato is the variation. There are more than 5000 tomato varieties that
rieties

differ in fruit shape and size [6]. These variations are also reflected on size and shape of the
tomato leaf. Figure 2.4, illustrates some variation of tomato leaf

Figure 2.4 Tomato leaf variations [7]
There is high variation in tomato varieties based on leaf
shape and size.

Tomato plant has compound leaves. The final shape of the tomato leaf is better examined at leaf
maturity. Figure (2.5) illustrates how the leaf looks when fully grown in the left image the leaf
looks as simple leaf, when it grows the number of leaflet increase so it looks like compound, in

the right image is obviously compound, because the size increases and number of leaflet

Increases.

! ': :
R B
| ) :
1 leaf [8]
Fi 2.5 Growth of tomato' el
In the left image the leafgllzarzks as simple leaf, when it grpws @e number of le : e
o in the right image 1S obviously compound. -

increase so it looks like compound,
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Table 2.1 Types of tomato leaflets
This table contains the differences between the PL type and RL type, and examples of th
> ¢s ol these two types

——

omato leaf
o RL Type
Differences p KT s
Is the typical leaf
it 1 B 7 type that most These leaves usually have few
people are familiar with. It contains | lobes on their leaves, smooth edge,
number of leaflet, each has a toothed | and they are thicker than regular
and asymmetrical edge, this type is | type, so it is more resistance to
differs of shape, length, color diseases. The color is usually a
depending in many things such as deep green [10].
claim [10].
Example of leaflet
shape
A
Example of regular leaflet [6] Example of potato leaflet [6]
Examples of g =
tomato leaf types
Cherokee Purple [9] Pruden Purple [9]
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igmen

Boy

2\

Lemon Boy [9]

BRANDYBOY

Brandy Boy [9]

2.3 Image processing techniques for feature extraction

Image processing can be defined as analyzing and manipulating images with a computer, or it is a
technique in which the elements of the image are digitized and different mathematical operations
are applied to it. This is done in order to create an enhanced image that is more useful to satisfy
human observer, or to perform some of the interpretation and recognition tasks usually performed

by computer [11]. Image processing is used in many areas, including astronomy, medicine,

industrial robotics and other fields.

Image processing generally involves three steps:

1. Capturing an image with a camera, optical scanner or through other sensors.

2. Analyzing and manipulating the image: this step may include image enh

image analysis to extract some important feafures. This process is done using various

methods.

3. The output may be a new image ora report from the analysis of the image.

There are many techniques for image processing,

needed to develop this project will be introduced.

but in this section, the techniques that are

ancement, or the
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These techniques are:

2.3.1 Converting the color of the image from Red, G
s Green,

binary and Blue (RGB) to

talking about how to convert the colo
Before g how t ert the color of the image, a small introduction of three colo
2 ree r

models needed in this project will be intr
oduced. These :
model. models are RGB, grayscale, and binary

RGB c.01m.' modfel: RGB color model is an additive model in which red, green, and blue are
collective 1n various ways to reproduce other colors [12]. All the colors can lie in a cube

extending from the origin (black) as illustrates in Figure 2.6.

Figure 2.6 RGB color model [13]
RGB color model contains three primary colors; red, green, blue.

Grayscale color model: grayscale is a model for encoding the colors of an image which contains

only black, white and shades of gray [14] The grayscale image contains certain levels of gray,
from 0 (black) to 1 (white), for example the levels may be 256 different shades as illustrates in

Figure 2.7. Grayscale is easier to process than RGB model.

209 255

0 50 )

Figure 2.7 Grayscale Color model.

Grayscale image contains 256 levels of gray, from 0
(black) to 255 (white). =
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i image: This ima, i
Binary 1mag 3 £¢ contains two values, usually denoted 0 to represent black col dl
resent white color in the i : X color, an
to rep © image. The binary image is useq in some applications such as [15]

identifying objects Identine, :
identifying 0DJects on a conveyor, identifying orientations of objects, and interpreting text

In order to convert images from RGB to bin
ary, we first convert RGB to
. s gray then convert gray

1. Converting RGB image to grayscale image:

When converting RGE color of image to grayscale, all the colors are replaced with shades
of gray. There are a number of techniques for converting RGB images into grayscale [16]:

A simple method is to average the colors for all pixels as follows:

Y= Red + Green + Blue
F 3 2-1)

Or a weighted average in applied for all pixels as follows:

(3 *x Red + 4 * Green + 2 * Blue)
= 5 2-2)

Another common method is NTSC and PAL as follows:

Y = 0.3 * Red + 0.59 * Green + 0.11 * Blue 2-3)

Where, PAL, short for Phase Alternate Line, is an analogue television encoding system

used in broadcast television systems in large parts of the world.
In this project we will use the NTSC and PAL because it is the most commonly used in the

literature, and NTSC, named for the National Televi
a, most countries in South America,

sion System Committee, is the analog

television system used in most of North Americ

Burma, South Korea, Taiwan, Japan, Philippines, and some Pacific island nations and

territornes.

RGB color to grayscale

Figure 2.8 shows the results of converting process from

16
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Figure 2.? Converting from RGB to grayscale.
In the left, the image is in RGB model, and it converted to
grayscale in the right image.

2.Converting Grayscale to Binary:

As mentioned before, binary images have only two possible intensity values, to represent

black and white. The two possible values are often 0 for black and either 1 for white.

To convert the grayscale images into binary images, a given threshold must be used in order
to separate an object in the image from the background. The color of the object referred to
as the foreground color, the reset is referred to as the background color. Given a threshold
T, we can convert a gray scale image to a binary image by setting all gray values equal or
above T to white and all values below T to black . As follows:

Algorithm 2.1 !
{If gray value> T Then gori :
Binary value = 1 (white) :
Else E
Binary value = 0 (black) E

Figure 2.9 shows the results of converting process from grayscale to binary.

i éale to binary.

Figure 2.9 Converting from grays .

In the leﬁgutlrlc image is in grayscale model, and it converted to .
s binary in the right image-
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2.3.2 Morphological operations on binary images

As mentioned before in Section 2.2.2, the term morphology in biology refers to the study of th
y of the

d the structure in b -
form an oth plants and animals, but when talking about image processing refers

to the mathematical tool for processing shapes in image, including boundaries, skeletons, convex

hulls, etc.

Morphological operation is applied to binary images, for shape and structural manipulation

Morphological operations are used in this project to extract primitive features of an object (leaf)
that can be used to recognize or classify the object.

In a morphological operation an input image is operated using a structuring element to produce
an output image of the same size. The value of each pixel in the output image is based on a
relation between of the cormresponding pixel in the input and the structuring element [17] The
structuring element is a small binary image with fix size and content that depends on the purpose

morphological operation.

There are two fundamental morphological operations; dilation and erosion:
o Erosion: this operation allows an object in the binary image to shrink by removing pixels
in the boundaries of the object, so the object becomes smaller. With binary images,

erosion completely removes objects smaller than the structuring element and removes

perimeter pixels from larger image objects [18].
The arguments to erosion are a binary image(X) and a structuring element(S) which can

be defined as a shape mask is used in the basic morphological operations, and can be of

any shape, and size, and each has an origin [18]. The Algorithm 2.2 illustrates the erosion

operation to make erode(X, S) [18]:

——————————————————————————————————————————————————— Algorithm 2.2
{Takes a binary image X gorl

of structuring clement S over every pixel

| into position of the output image only

3 osition
Places the origin p

Puts a binary value
If position of S (with value 1) then

1

1

1

1

1

1

1

1

1

1

]

1

1

' ]
Covers a valuel in X ,
1
1
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origin
00110
00110 s i erode 88(1)(1)8
B s

oo it (g 1 00110
Des 0l 00000

4 S X e s

Figure 2.10 E'rosiorf operations with structuring element [18]
in the le.ﬁ, a binary image X, and structuring element S in the
middle, and output image after erosion in the right

Dilation: this operation allows an object in the binary image to grow, by filling small
holes or connecting disjoint objects. Dilation operation is done by passing the structure
element on the whole image so that pixels are added to the boundaries of the object in the
image [18].

With binary images, dilation connects areas that are separated by spaces smaller than the
structuring element and adds pixels to the perimeter of each image object '®. The

Algorithm 2.3 illustrates the dilation operation to make dilate(X, S) [18]:

s it A A

{ Take binary image X Algorithm 2.3 E

Places the origin of structuring element S for each pixel of value 1 :

1

Apply Ors the structuring element S with X. E

} j ding position !

Output image is produces at the corresponding p .

1

F el e e et b e Ll :
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In Figure2.11 illustrates dilation operation is applied with § on X

i 1 dilate 0110

QRSN E o ditate

0000 11 @11 1
S 0000

i« origin B

.Figure 2.1' 1 Dil.ation operations with structuring element [18]
in the leﬁ 1s a binary image X, and structuring element S in the
middle, and output image after dilation in the right

Figure 2.12 represents the two types of morphological operations.

a. Onginal b. Erosion ¢. Dilation

Figure 2.12 Basic morphological operations [19]
(a) is the original image, (b) is image after erosion and (c)
is the image after dilation.

An important factor in morphological operation is the structure element, because the size of the

structure element influences on the number of pixels added or removed, so we should be careful

when we choose the size of the structure element.

Dilation and erosion can be combined to implement more complex image processing operations,
such as th hological opening of an image which is an erosion followed by dilation, using

as the morpholo . : i e which 1s
the same structuring element for both operations, and morphological closing of an imag
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the reverse, it consists of dilation followed by erosion with the s i
' am
Figure 2.13 illustrates the two morphological operations e

a. Ongnal

Figure 2. 13. c'losin.g and opening morphological operations [19]
(a) 1s the original image, (d) is image after opening and (e)is
the image after closing.

2.3.3 Connected components labeling

Connected components labeling is an operation that scans an image and groups its pixels into
components based on pixel connectivity, i.e. all pixels in a connected component share similar
pixel intensity values. Once all groups have been determined, each pixel is labeled with a gray

level or a color (color labeling) according to the component it was assigned to [20].

Connected component labeling works by scanning an image, pixel-by-pixel from top to bottom
and left to right to identify the regions of connected pixel, i.e. regions of adjacent pixels which
share the same set of intensity values V. For a binary image V= 1; however, in a gray level image

V can take a range of values, for example: V= {51, 52,53, .., TAagBssie; 80y [20)
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Connected component labeling works on bin :
ary or gray images and di
ifferent measures of

connectivity are possible. Either 4 connectivity or g connectivity are possible as in Figure 2.14
igure 2.14.

Rl

A
v

1 et

v |

N\

Figure 2.14 Connected com Vi
. : ponents connectivi
In the lest is 4-neighbor metric and the right is 8-neghbor

metric

The algorithm of connected component includes two passes over the image as follows:

—————— - ——— o —————————————— - = == - ——

1
\ Passl:
1

| Scan the image pixels from left to right and from top to botiom.

Algorithm 2.4

' For every pixel P of value 1(an object pixel), test top and lefi neighbors (4-neighbor

1
meltric).

If 2 of the neighbors equal 0: assign a new mark of P, else

between 2 neighbor's marks.

Pass 2:

Divide all marks in to equivalence classes (marks of neigh
equivalent).

Replace each mark with the number of its equivalence class

|

S OO
e e e e e e e e mt  mm e S 2

If 1 of the neighbors equals 1: assign the neighbor's mark to P, else
If 2 of the neighbors equal 1: assign the left neighbor's mark to P and note equivalence

boring pixels are considered
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In Figure 2.15, example of how connected component labeling work
works.

Figure 2.15 Connected Components labeling Example

2.4 Cluster Analysis

Cluster analysis is a collection of statistical methods, which identifies groups of samples that
behave similarly or show similar characteristics, based on information found in the data that
describes the object and their relationships [21]. Figure 2.16 shows the 4 clusters of data

according to a given distance.

3%
* 3. SF
2o %, Jee

el e
A .ot PR
) % 5

o e
0 '.

.

R

Figure 2.16 Example of cluster data based on
distance [22]

s is a number of heterogeneous groups with homogeneous contents,

The resul alysi ithi I
esult of cluster analy ut the individuals within a single

where there are substantial differences between the groups, b

group are similar [21].
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7.4.1 Advantages of cluster analysis

The main advantages of the cluster analysis are:

e Discovering types.

o Reducing the number of cases by enabling consideration of several types instead of
numerous records.

2.4.2 What Is a Good Clustering?

A good clustering method will produce high quality clusters in which the intra-class similarity is
high, and the inter-class similarity is low, see Figure 2.17.

Inter-cluster
distances are
maximized

Intra-cluster
distances are
minimized

Figure 2.17 Distances of intra and inter classes [22]

The quality of a clustering result also depends on both the similarity measure is used by the

method and its implementation, and the definition and representation of cluster is chosen.

2.4.3 Problems and challenges of clustering

There are a number of problems with clustering, Some of them [22]:
* Dealing with large number of data items can be challenging because of time complexity.

° The effectiveness of the method depends on the definition of “distance”.

- in di t ways.
* The result of the clustering algorithm can be interpreted 1n different way

24




o Chapter Two
i

e Background

7.4.4 Clustering Algorithms
Clustering algorithms may be classified as [22]:

o Exclusive Clustering, such as K-means
o Overlapping Clustering, such as Fuzzy C-means

o Hierarchical Clustering, such as Agglomerative Hierarchical clustering

o Probabilistic Clustering, such as Mixture of Gaussian

In this project the hierarchical clustering algorithm will be used. So the next sections will be
talked about the Hierarchical clustering.

2.4.5 Hierarchical clustering methods

Hierarchical clustering is a method of cluster analysis which aims to build a hierarchy of clusters
(tree) Y. Each node (cluster) in the tree (except for the leaf nodes) is the union of its children
(sub cluster), and the root of the tree are singleton clusters of individual often, but not always, the

leaves of the tree are singleton clusters of individual data objects [21].

A hierarchical clustering is represented graphically using a tree-like a diagram called

dendrogram.

A dendrogram is a tree for visual classification of similarity, commonly used in Biology for

grouping species, and it shows a hierarchy and the relation of subsets in a structure [23].

The dendrogram of average group linkage method as in Figure 2.17:

pDendrogram{Average group linkage)
4500 -/’—'——'—"’d

4000 -
3500 A
3000 -

2500 -

Distance

2000 -

1500 A

1000 +

500 + L
3 20 5 11 16

drogram of average group linkage 5
method [24]

Figure 2.18 Den
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Hierarchical clustering follows one of two approaches [25]
es s

Agglomerative me : Ivati
S ods: each obse ation starts as g cluster and with
th with each step merge

bservations to form . :
0 clusters until there s only one large ¢l : .
button-up. uster. This approach is called

Divisive methods: all : ;
o observations start with one large cluster and proceed to split into

smaller clusters items that are most dissimilar. This approach is called top-d
ed top-down.

Figure 2.18 illustrates the difference between the two approaches

Step0 Stepl Step2 Step3 Step 4
| | | [ | agglomerative

(AGNES)

<+ | | : | divisive
Step4 Step3 Step2 Stepl Step 0 (DIANA)
Figure 2.19 The two approaches of hierarchical clustering [26]

AGNES method merges clusters until there is only one cluster, where
DIANA method starts from one cluster and splits into smaller clusters.

Agglomerative hierarchical clustering technique will be used in this project, so in this section we

will focus on this method.

To form clusters using an agglomerative hierarchical cluster analysis, you should select [27]:

° A criterion for determining similarity or distance berweencases.

o A criterion for determining which clusters are merged at successive steps.

® The number of clusters you need to represent your data.
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I lustering iS € 1 i ]. 2,

B o om e e -— = e v
—————

| Compute the Linkage criteria (proximity mayriy) T TTTTmmm==------ k
Algorithm 2.5

While (more than one cluster)

{ Merge the closest two clusters.

Update the linkage to reflect the linkage between the new cluster and the original

cluster}

To decide which clusters should be combined, or where a cluster should be split, a measure of
dissimilarity between sets of observations is required because of the similarity is fundamental to
the definition of a cluster, a measure of the similarity between pairs of observations drawn from
the same feature 1s necessary to most clustering algorithms. Because of the variety of feature

types and scales, the distance measure should be chosen carefully.
To achieve that there are two measures are used [28]:

o In most methods of hierarchical clustering an appropriate metric is used which is a measure

of distance between pairs of observations, such as:

v Euclidean distance: it is often used in hierarchical clustering, the formula is:
Euclidean distance (dgp) = Yi(a; — b;)? 2-4
v Squared Euclidean distance, the formula is:

Squared Euclidean distance(dqp) = Z(ai — by)? (2-5)
7

In this project a Euclidean distance will be used as distance metric.
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o Linkage Functions:

Linkage functions compute PR S
) i putes the dissimilarity between two groups of data points, S

commonly used lin iteri oints, Som
y. age critena between two sets of observations are: Sj i :

Complete linkage (MAX) and Group Average [21]: e: Single linkage (MIN),

1) Single linkage: it is used to describe min;
€ minim i
219 um distance between two groups, see Figure

L
]‘\_J \/\—/

: Figure 2.20 Single linkage [21]
Single linkage describes the minimum distance
between two clusters

7
[ At /_J’;—\ “"3
[

It can handle non-elliptical shapes but it is sensitive to noise and outliers.

2) Complete linkage: it is used to describe maximum distance between two groups, see

Figure 2.20
i s oL
A W i)
bt " ,
kl"’ ’J \\ /\,./r/

Figure 2.21 Complete linkage [21]
Complete linkage describes the maximum distance
between two clusters

Tt is less susceptible to noise and outliers but it tends to break large clusters.

3) Group average it is used to describe average distance between two groups, see Figure

2:21

Figure 2.22 Group average [21]'
average describes the average distance

Group
between two clusters
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Group average linkage compromises single and complete link
ete lin

oise and outliers. age, and it is less susceptible to

drawing a dend . :
i - ; rogram for computing the dissimilarity between two f i
using three types of linkage functions the dendogram was as F: o EtoUps of dampoinis
1gure 2.22:

Single Linkage
fe) a Complete Linkage vera i
A ge Linkage

| o

I

h
IR |

Figure 2.23 Dendrogram of the linkage types
First image represents the dendrogram of the single
linkage, the middle for the complete, and the last for
the average linkage [29]

In this project an average linkage will be used as linkage criteria.

2.4 Summary
This chapter included an introduction about the main morphological features of plant leaf, and

the main characteristics of the tomato leaf, also this chapter included the difference between

simple and compound leaf. In the second section, we made a review on the image processing part

entation of this project. First, different color models were

which is required for the implem
asic morphological

introduced including RGB, graysc
ation, opening, and closing. Then, the

features were introduced erosion, dil :
cluster analysis, hierarchal clustenng methods were covered.

ale and binary images. Second, the b
connected component

algorithm was discussed. Finally 2

29




Chapter Three

Literature review

Contents:

3.1
3.2 Extracting features from plant leaf

Overview
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3.1 Overview

3.2 Extracting features from plant leaf

3.2.1 Pre-processing image

The methodology that was used to pre-process included:

1) The image was acquired by scanners or digital cameras.

from RGB to grayscale using Formula 2-3.

3) A filter was applied to eliminate noises in the image.

The whole operation is demonstrated in Figure 3.1.

o _.v .
RGB to grayscale smoothing

EPLNE, —p
grayscale to binary

Figure 3.1 Pre-processing example (Xu, et al,, 2007, p.2) [31]

: ter contains a summ me im
This chap . . ummary of some important contributions related to leaf classification
The chapter includes different methods to extract the features, the methodologies that wi d
> es ere use

to extract the featur'es from plant leaf. In the final section of this chapter, the importance of these
works is presented in this project.

There are many methodologies to extract features from simple plant leaf in the literature in order
to classify plants. These methodologies differ in the way of studying the features were extracted

but most of the papers agree on how the image is pre-processed before the features are extracted.

2) Converting RGB image to binary image: The color of the image was converted firstly

Then image was converted from grayscale to binary using suitable threshold (T), as in

Algorithm 2-1.
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3.2.2 Extracted features from simple plant leaf

There are different leaf features were extracteq in the 1i
e literature some of
; these features are:

First: Extracting morphological and geometrical features from plant leaf
ea

e s i .
A vl ongest distance between any two points on

2) Physiological Length (Lp): physiological Length is defined as the distance between the
two terminals. This feature is only the feature was needed the human interfered to detect
the two terminals of the main vein of the leaf via mouse click. Is defined as the
physiological length.

3) Physiological Width (Wp): drawing a line passing through the two terminals of the main
vein, one can plot infinite lines orthogonal to that line. The number of intersection pairs
between those lines and the leaf margin is also infinite. The longest distance between
points of those intersection pairs is defined at the physiological width. The relationship
between physiological length and physiological width is illustrated in Figure 3.2.

o ; S g v
e two terminals of
4 1he main vein

etween physiological width

1 3.2 Relationship b
o (Xu, et al, 2007,p2) [31]

and physiological length

4) Leaf Area (A): leaf area is calculated by counting the number of pixels of binary value 1

on smoothed leaf 1mage.
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consisting leaf margin.

These geometrical features help to extract the morphological features of plant leaf, so some

morphologlcal features are defined based on geometrical features are (Xu, et al., 2007, p.2) [31]:

b Bmogthdactor: the cffect of noises fo image area was used to describe the smoothness of

2)

3)

4)

3)

6)

leaf image. The smooth factor is defined as the ratio between area of leaf image smoothed
by 5 x 5 rectangular averaging filter and the one smoothed by 2 x 2 rectangular averaging
filter.

Aspect ratio: the aspect ratio is defined as the ratio of physiological length to
physiological width, it is defined as Formula (3-1)

Aspect ratio = Lp
P i Wp (3 s 1)

Form factor: the form factor is used to describe how the shape of the leaf is different from
acircle, it is defined as Formula (3-2)

4mA
Form factor = Pz 3-2)

Rectangularity: rectangularity is used to describes how the shape of the leaf is different

from a rectangle, it is defined as Formula(3-3)
Lp Wp
A

3-3)

Rectangularity =

Narrow factor: narrow factor is defined as the ratio between the diameter of the leaf and
the physiological length, it is defined as Formula(3-4)

(3-4)

D
Narrow factor = o

Perimeter ratio of diameter: ratio of perimeter to diameter, and calculated as Formula

(3-5)

@=5)
Perimeter ratio of diameter =

P
D
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7 Perimeter ratio of Physiological |
ength and physiolog; :
ysiological width: this feature is

physiological width, thus as Formula (3-6)

P

Perimeter ratio of Lp and Wp =
Lp + Wp (3—-6)

) V.em features: by performing morphological opening on grayscale image with flat
disk-shaped structuring element, the results look like the vein ,

9) Image Thresholding: Thresholding separates the leaves from their background creating
binary image that facilitates feature extraction and evaluation.

10) Determination of the Center of Gravity: For a leaf surface is described by function f(m,
n), consisting of N pixels, the Center of Gravity coordinates (m*, n*) can be calculated as
Formula (3-7)

me=z > Ym me=t Y Yn B-7)

(mn)€ER (m,n)ER

11) Moments of Inertia: the moments of inertia for binary image defined with respect to the

center of gravity of the leaf as Formula (3 -8)
=) ) U e S
I

Wherep,q = 0,1,2.

12) Then, the leaf oriented which is determined by using the following functions:

1(6) = Z Z[(n —n*)cos(@) —(m—m *)sin (0)]2 3-9)

Where the I is array off. Resulting in following anglef:

1 _1[ 2.1 ] (3 - 10)
g =—1ta

? Uz,0 — Ho2
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Second: Extracting general visual and domain related visual features from plant leaf
m plant lea

General visual features used to describe common features of 4] images without related to specific

type, or content of the image, such as color, texture and shape. While, domain features related to
visual features more important of leaf classification,

After combining these two types, three aspects of leaf features were studied. These aspects are
(Wu, et al., 2006, p.6) [32]:

1) Leaf shape: Four visual features are defined to represent the shape of leaf :

o Slimness: This is the ratio of length to width of leaf. This feature is similar to the aspect
ratio in Equation 3-1.

o Roundness: express the extent to which the shape is circle. This feature is equivalents to

form factor in Equation 3-2.

e Solidity: the ratio of internal area to extemal (Figure 3.3), defined as Formula (3-11)

S1
Shape Solidity = 2 (3-11)

internal boxder

Figure 3.4 Internal and external area (Wu, et al., 2006, p.6) [32]

. ipti in order to
e Moment invariants: slimness and roundness 1S a rough description, so

describe the leaf shape in detai
method.

| they adopted moment invariants as shape descriptor in their
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Leaf Dent: Four vis
2) ual features are extracted to represent leaf dent. These feat
- eature are:

e Coarseness: thi '
s feature is eXpress of coarseness of the leaf margin

e Size: this is a large scale of leaf dent appear

e Angle: it is measured by the extreme value at each scale

e Sharpness of leaf,

PILLeat Veig e suopotman veintind secondary vein give the structure of whole plan,

by analyzing the venation, more characteristic of leaf obtained. So two features are used
to represent this aspect:

e Ramification: The number of ramification is used to measure the complexity of

venation.

e Camber: express of the degree of crook of main vein.

3.3 Important contributions related to leaf classification

A lot of efforts have been directed towards the extracting features from simple plant leaf, and

many techniques and technologies have been utilized in an attempt to achieve this process with

minimum error and computational complexity.
In their work, Panayiotis et al. 2005 [30] , used artificial vision system and extracting geometrical

and morphological features from simple plant leaves in order to early diagnosis plant diseases.

Their proposed system includes: an artificial vision system (frame grabber and camera), image

Lab View (operating under the control of proposed GUI

processing algorithm implemented n
_forward neural network based classifier

that use image processing libraries), and a feed

implemented in MatLab.

This paper applied fuzzy surface technique that is used for building fast model of system from

subset of candidate features. The proposed syste
rphological ¢

m was able to automated image capture, counting

ification for holes.
the number of leaves for each category and mo lasst

36




- ..

° Chapter Three
T e e Literature review

Graphical Users Interface was developed to obtain efficient interaction image processing

programs, GUI was designed using visual programming in MatLab, Labview and IMAQ libraries
to control the camera and frame-grabber parameters, (See Figure 3 4 for more illustration)

o e 3 3
Do £t Qe =
(xjad! Ptk
ETWORK CONTROLED MACHINE VISION SYSTim |
| : vALms
. e | — —
- i 2 % 9 e me e
TELNAL IETTWINS CRFTX AR B R s —:
e @ o 1 S e W 3 B8
| SRARCUNTROLY | || Btam
_ “ .’:ﬁ ’.;A: Iil !/ ,‘",ﬁ
| PEAVIRW IMAUSS |
viTw |
ml
|_careatmes |
CATEGORIES.
= : = T ACTVATE
TEI SETTAAONTCHT
TMAMA AFIOBATLINGY L Masua vil_.;"’.i“'__l
] m& MCTE ] i anu“:)
Lol | _I'J

Figure 3.4 the Graphical Users Interface **!

In any case, vary high classification success was achieved at about 99%.

In their work, Wu, et al. 2006 [32] depended on extracting general visual and domain related
visual features from plant leaf. After the feature extraction the researcher used the feed-forward

back-propagation neural network to reco gnize.

: : RAM:
The recognition system in C++ has been implemented on a PC (R 250Kz,

512M). Using 1200 leaf images, the

and the training time is about 12.3 seconds.

average time recognizing one image is about 0.45 seconds

i ical features to be
In their work, Xu et al, 2007 [31], depended on the geometrical and morphologic

extracted.
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After processing image, researcher applied number of st
e

: S . .
eaves, these steps included: PS fo classify plant based on their

b

data as the linear combination of certain linear irrelevant variable, in mathematically the
BCA convert the data to anew coordinate System each coordinate is called PCA
2. Train for Probabilistic Neural Network (PNN). .

3. Test for PNN.

4. Display and compare results.

After this method is applied, the researcher team arrived to this conclusion:

The computer can classify 32 kinds of plants via the leaf images that loaded by digital cameras or
scanners. When compare PNN with other method it finds the PNN is fast speed on training, easy

in implementation and simple structure.

12 features are extracted and processed by PCA then input vector of PNN. The result of this
algorithm was accuracy greater than 90% on 32 kinds of plants. Future work is under

consideration to improve it.

Some of previous works related to extracted features from plant leaf have many shortage in
different sides, all of the previous works depended on simple plant leaf to extract features.
Although Panayiotis et al. 2005 [30] solved a problem of holes, but he faced a problem to add

and abstract suitable features each time. Wu, et al. 2006 [32] the problem of their work is the

lack of representation of domain features of leaves. Xu, et al. 2006 [31] can’t get rid of the user

intervention in extracting features.
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3.4 Importance of literature review iy this project

many of previous w mphasi
Although many of p us works emphasized op extracting features from simple leaves and not
no

compound leaves, they give the project Important information, some of these it :
> €S€ Information are:

1) The leaflet of a compound leafis simple leaf, so some methodologies in these papers can
be followed to extract important features from leaflet -

2) These works presented to this project important information about the drawbacks of

previous works, some of them mentioned in chapter one, and the important improvements
that will be in the future works.

3.5 Summary

This chapter contained a summary of literature reviews related to this project. Firstly, the method
that was used to pre-process image was introduced in this chapter. Then, the main two different
ways to classify features that were extracted from plant leaf were discussed in the previous
section in this chapter, these two ways are: extracting morphological a geometrical features of

plant leaf, and extracting general visual and domain related visual features.

In addition, the chapter handles the main contributions to the previous work, and the importance

of these contributions in features extraction of compound plant leaf project.
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4.1 Overview

. ter covers the m
This chap 1 .- hethOdOlOgy that we used in this project to extract the features of the
d leaves. The 1
compoun chapter includes the preparation phases to implement this project; th
. - . ; e
tools were used in this project, and the methods were used to verify and evaluate the extracted
uate the extracte

features. These methods are: identifying a point of matching and hierarchical clustering of the
plant leaf.

4.2 Preparation phases for implementation of the project

The first step of this project, is studying the previous works related to features extraction from
plant leaf, through reading many papers that talked about features extraction of plant leaf as
mention viewed in Chapter 3. Then we are consulting an expert in the field of plant to do so we
relied on the second supervisor who works at the Biotechnology Training and Research Unit in
Palestine Polytechnic University. He plays an important role in evaluating the features that can be

extracted from compound leaf.

After that there are many phases are followed before implementing the project, such as
collecting images of tomato leaf, using MATLAB® to implement a project, and Defining the

requirements of project. These phases are explained in this section

4.2.1 Collecting images of tomato leaves

Because a tomato leaf is taken as a case study in this project, the second step of this project is

collecting images for tomato leaves. These images are obtained from online database of (111)

leaves of different types [9].

4.2.2 Using MATLAB® to implement a project S
To study the feature extraction process, MATLAB® was proposed to be used in this project.
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MATL AB® “is a high-level language with an interactive envir
on

. : . men
computatlonally intensive tasks faster than with e t that enables us to perform

Programming languages such as (€3

c++ and FORTRAN.” [33] Because it has many predefined function
S.

The Image Processing Toolbox found in MATLAB® is a collection of functions that extends th
% xtends the

capability of the MATLAB® and supports a wide Tange of image processing operations, such as:

geometric operations, neighborhood and block operations, linear filtering and filter desig;n image.

analysis and enhancement, binary image operations, and region of interest operations [34]

In other hand, Statistics Toolbox provides a comprehensive set of tools to assess and understand

data. Statistics Toolbox includes functions and interactive tools for modeling data, analyzing

historical trends, simulating systems, developing statistical algorithms, and others [35]

4.2.3 Defining the requirements of project

Before talking about the methodology of this project, it should be emphasized that the accuracy
of the features will be extracted depending on the image of the leaf, so in order to make the
features extraction more accurate and effective by defining the requirements of project on these

images were assumed.
These requirements are:

I The leaves should be digitized using a scanner. Although we use digital images, so we

assume that the user who will work on the system in the future should scan the leaf first.

2, The image should be a complete Jeaf of plant and not leaflet.

3. The leaflets of compound leaf should not be overlaps; this can be adjusted manually by

the user during the scanning process.

4. The image should be in RGB format and the leaves should be isolated from any

background. : >
5% The resolution of fhe image should be 800 x 600 pixels i s projcet
6. There is no restriction on the direction of leaves.
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4.3 The Detailed diagram of the Project’s methodol
odology

The diagram in Figure 4.1 describes and sy
mmarizes the method
ol

of the steps will be described and explained in this c, t
apter.

0gy is used in this project. All

Capturing % g Or _
Imagc (RGB color )
Converting color Using open
model to binary —p| Operation to reduce
5 the noise
Processing
image to Applying dilation
enhance it operation to < Rotating the leaf into |<
eliminate the rachis vertical orientation
Enhanced image Enhanced image
Extracting global Extracting local features
features
Number of small b t’fhe al;gle; Perimeter of the
. andil 1eaflcr etween ea' ets leaflets
Extracting the et and Y-axis
features The sencal Form factor of the Aspect ratio
structure of the leaflets
leaf Area of leaflets Rectangularity of
the leaflets
features
features
f B
Preparing Computing the E“dl‘:;an
. 2 > n eal
Hiacal dee || S
5 i P
Clustering matrix | pairs of foatres
Creating a tree from
% the calculated
distances
///,//l
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Finding pointsﬁ

Matching of matching

Comparing the
features

Detcrmining
thresholds of matching

Figure 4.1 Detailed diagram of the methodology

4.4 Pre-processing image to extract the features

Before extracting features, some processes are needed on the image to help in the extracting
features. These processes include:

1. Reading the leaf image (RGB model): the image should be entered into the system in RGB
model.

2. Converting image from RGB to binary image: to do some image processing techniques,
image should be converted into binary image, through grayscale using Formula 2-3 and
Algorithm 2.1.

3. Using the open morphological operation to reduce the noise.
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1 af using Formula 3-
:—"—A Find the center of graviy | TTTTTTTemeseemeo
Algorithm 4.1

For i= 0 to imageWidth
For j =0 to imageHeight
If (BW(i, ,j) is white )
X Sum =X Sum+i
Y Sum =Y Sum+j
Count = Count + 1
End if
End For
End For
X leafCenter = X_Sum / Count
Y leafCenter =Y Sum/ Count

% Find the moment of inertia
For each white pixel in image
Find K14
Find K20
Find Koz
End For
Theta= 0.5 * tan (2*#14 / (H20 - H03 )

Rotate image by theta
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5, Applyins the dilation morphological OPeration many timeg b
rachis of the compound leaf On binary image to eliminate the

o - ——
- - -

o= Qi o i S B e o

dilationlmage = imdilate(openimage | s )

4.5 The main features of compound leaf

As mentioned in Chapter 2, the compound leaf contains a number of simple leaves (leaflets) that

make the process of extracting features from compound leaf is more difficult than simple leaf,

because we should detect the relationship's positions between leaflets.

In this project, we have defined two types of features: global features which are extracted from
the compound leaf as a whole, and local features which are extracted from each leaflet in the

compound leaf. The following is an explanation of each part.

45.1 Global features
The global features have two components: the number of leaflets and the general structure of the

plant.

First: The number of small and large leaflets:

To find the number of leaflets in an image, the connected component (it is explained in Chapter

2) technique will be used, because after applying the technique each leaflet will be a connected

Component.

an count the number of small and large leaflets from the

To mak istinctive feature, we €
e a more distinctive a of each leaflet, and

wing the are
connected components. This feature should be extracted by knowing
. arge leaflets.

; all and 1
by using a good threshold that helps to determin® the area of sm
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-
-

Fori=1 to number of leaflets

End For
IfArea >threshold Then

Number large leaflets++;

else

Number small leaflets++;

End if

- - - - —
- —— - -

——
-

Area (i) =find area in x (label==i)

Second: The general structure of the plant leaf

-

I give Jabel for each leaflet black and white image (x)

- — -
——

Algorithm 4.3

After the leaf is rotated into the vertical orientation, the general structure of the plant leaf can be

achieved. Firstly, the center of each leaflet should be detected. Then, the structure of leaf is built

by establishing a graph of the leaflets. In Figure 4.2 each node represents the distance between

the leaflet's center and the leaf's center. Figure 4.2 illustrates this process.

Figure 4.2 Extracting the structure of

by establishin

g a graph of leaflets

Each node
contains

Xcenter Ycenter

the leaf

Ll
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centroid (i) =Find the center of the leafles (i)

X center(i) = X_centroid(i) — X leq
) center( ) = Y _centroid(i) - Y Iea]{g::tt::

45.2 Local features

Algorithm 4.4

The local features are extracted from each leaflet. From Figure 4.2 we can establish a vector of

features for each node. The vector contains some features were discussed in Chapter 3 such as the

area, diameter, aspect-ratio, form factor, etc. Figure 4.3 illustrates the graph.

Each node
contain

/

Xcenter Ycenter

Feature extracts
from leaflet
Figure 4.3 Graph for features of
compound leaf

e
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Features will be extracted from each leaflet i this project ar
(N

Area of the leaflet: which is the number of pixels Tepresents the leaf]
e leaflets.

» The form factor of leaflet

it can be described as how the shape of the leaflet is different from a circle

To find the form factor of leaflet, the below algorithm will be followed:

Algorithm 4.5
Find the perimeter (i)

Form factor (i) = (4*PI * area (i))/ (perimeter (i) " 2)

Find the area (i) E
:

o The physiological length and width of the leaflet

The physiological length can be described as the distance between the two terminals of the main
vein of the leaflet while the physiological width can be described as the longest distance between

points of those intersection pairs of the leaflet.

To find the physiological length and width of the leaflet, the below algorithm will be followed:

___________

 Fori=1 to number of leaflets
I

Put each leaflet in ellipse
Physiological length (i)

|
o o :
_Find the major axis of the ellipse (i) :
: : Heg :

Physiological width (i) —Find the minor axis of the ellipse (i) :
1

——
e | e o
- ————
~——a ———
o e e s =
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The aspect ratio of the leaflet

sisthe ratio of physical length to physical width of the leaflet

To find the aspect ratio of the leaflet, the below algorithm wil] be followed
owed:

e e T e
[ S A Y
EL 3 —-——

-
-

|
i Algorithm 47 !
e S . % 5 ]
i Aspect ratio (i) = physiological length (i) / Physiological widsh (i) E
I 1
| End For :
R i
o The rectangularity of the leaflet
Itis used to describe how the shape of the leaflet is different from a rectangle.
-1:"0-,: ,-: 1 to number of leaflets e o ;\Iéo_ri—th_n; A -

4.6 Verifying the importance of extracted features

After talking about extracting the main features of compound leaf, it should be verified that

role in representing the leaves by using two important

extracted features play an important -
" . is project): matching features

in th
processes on the same type of plant (Tomato as a case study 1n

lustering analysis for compound leaves. The following is an

between two compound leaves and ¢

explanation of each part.
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1,61 Matching features

Choosing suitable thresholds is very important to determine the degree of matchi b
ching between

compound leaves.

st A feature in matching process is the position of each leaflet and they should be
close together then comparing the main features is started between compound leaves. These

features are angle of each leaflet, form factor, aspect ratio, and rectangularity

To find matched leaflets between two images of compound leaves, the below algorithm will be
fillowed: il el i
" Fori=I to number of leaflets in im:z‘;; U O T Moprithm4A
For j=1 to number of leaflets in image2
If (-1 * threshold1< X-center (i) and X-center (j) < threshold1) and
(-1 * thresholdl < Y -center (i) and Y-center (j) < thresholdl) Then
If (-1 * threshold2 < Angel (i) and Angle (j) < threshold2) Then
If (-1 * threshold3< Form factor (i) and Form factor (j) < threshold3) Then

If (-1 * threshold4< Aspect ratio (i) and Aspect ratio (j) < threshold4) Then

|
1
i
I
1
1
|
1
I
I
1
1
1
I
1
|
1
I

i If (-1 * threshold5< Rectangularity (i) and Rectangularity () < threshold5) Then
1
1
1
I
1
|
1
1
1
|
1
1
1
I
|
1
I
I
1
1
1

Matching was done
End if
End if
End if
End if
End if
Th fjnd - ommm = S i-l;(; Iga-i-l-et_s_o-n-':h;-n_u-n;t;e‘r
The r;t;o- of r_n;r-t-c—h;n—é- i-s_d-ejce-rr-n-ir;e_d by dividing the number of matc
f leaflets.

*fleaflets belongs to the leaf which has lowest number 0
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» After extracting features from each leaflet in eaq,
ac

leaf, the fo
> atures are stored in i
m .
‘ .The first ind .
number, the next index indicates to

this matrix is a three dimension array ex of the

array indicates to the | af
e le in thi :
aflet number n this leaf and the last index

e T S e Sk e e ek e O e s =
e — —
-

i ForI=I number of leaves in the sample T """Tm==---- T
For J=I number of leaflet in | leaf Rhe) S
Leaflet features (I, J, 1)=qreq )
Leaflet_features (I, J, 2) =perimeter @);
Leaflet features (I, J, 3 ) =X center(J);
Leaflet_features(l, J, 49)=Y center(J);
Leaflet_features(l, J, 5) =angle (J);
Leaflet_features(l, J, 6)= form_factor(J);
Leaflet_features(I, J, 7) =aspect ratio(J);
Leaflet_features(I, J, 8)=rectangularity(J);
Leaflet features(l, J, 9)=Ilarge leaflets(J);
Leaflet_features(l, J, 10)=small_leaflets(J);
EndJ

l._..._-__-...._.___-......__..___..__......_..___.-_....-..___J

» Then, each leaflet is compared to other leaflets in other leaves using Euclidean distance
of leaflet's features, In Figure 4.4 Leaflet 1 in Leaf 1 compared with each leaflet in the

database and using the Euclidean distance to find the distance between each two leaflets’

features. which called a Mean Square Error (MSE). This process is applied on each

leaflet in the database. See Figure 4.4.
Leaf 1

1 ch
inding the distanc® between €2 >

Flgu_re 44F ithe sample

two leaflets
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46.2 Clustering analysis of plant leaveg

ay to verify the i
The second way fy the importance of extracted featureg f;
Justering of the plant leaves. om the compound leaf is g

Clu stering Process of the plant leaves shows if the extracted features ¢ b
an be used to distinguish

ant in this project), also the

help in the classification.

ihe groups of plant from each in the same plant leaf (tomato p]
P

Justering Process uses to reduce the numbers of the plant's types to

Both local and global features are used in this process, and all features are normalized to b
in the same range (0-1). ecome

n this project a hierarchal clustering method is used on the plant leaves, the following steps are

followed in this project to do a clustering process:
» Preparing the distance matrix of the leaves.

» Choosing the suitable distance metric.

» Choosing the suitable linkage function.

» Drawing a dendrogram of the clusters.

Each step will be explained in details.

Preparing the distance matrix of the leaves:

Before doing cluster process, the matrix of plant's features should be prepared .This matrix

contains number of rows equals the number of leaves in the sample, each row contains the main
features of the leaf (global and local features).

I mber of
In this project this phase is considered a difficult phase, because each leaf contains nu

leaflets and each leaflet has number of features, 1

number of leaflets So the dimensionality of matrix will be variety an

n addition to this each leaf contains different

d this is a main problem.

g in plant compound leaf more difficult than

All these reasons make the process of clusterin
simple leaf

e ed as follow:
Toovercome these problems, the distance matrix is prepar
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Algorithm 4.11 shows this process

er Four

0 Chapt

—— - - - - ——
- S v o o s
- -

-
—“
-

" For I=1 mumber of leaves in the sample ~~TTTTTeseeeeeoll
: ForJ=1 mumber of leaflet in | leaf Aleorithm 4,11
i For K=I mumber of leaves in the sample
i For M=1 number of leaflet in K leaf
i ForD=110 10

§ MSE1(D)= (Leaflet_features (I, J, D) - Leaflet ' Jeatures (K, M, D)A 2
' EndD

i Average=sqrt(sum(MSEl));
E MSE2(M) =Average;
| EndM
\ EndK
| EndJ
' End
i

{

|

———————————————————————————————————————————————————————————————————

54




R 4]
<

a"

Figure 4.5 The minimum distance between
each leaflet and other leaves

» Then, a matrix contains the minimum of distances between each leaflet in the leaf and

other leaves is prepared for each leaflet. See Figure 4.6.

Min distance

Min distance "

‘\
v
4

Figure 4.6 Minimum distance between each
leaflet in one leaf and other leaves
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» Next, the minimum distances betweep each leaf
e

See Figure 4.7. and others is storeq in another matrix

Figure 4.7 The minimum distance between
each two leaves

These steps enabled us to find the matrix of leaves’ features, this square matrix was contained

the following data as in Table 4.1. Rows and columns of matrix correspond to objects (leaves).

Table 4.1 The squared matrix of the features of the plant leaves

T P | B & “ ~ 1 S RN e 2 R o T
; ~»\‘leaf ‘: i 1 74 ;‘ asesnssssans 1 L 1
"~ || Min distance Min distance g e ivindistance
. Between leaf 1 Between leaf 1 Between leaf 1
| and 1 (always0)  and2 and n
) Mindistance Wiwasano AR M S
~ Between leaf 2 Between leaf 2 s
| and 1 and 2 (always 0)
L cdw o] - Min distance
i * | Min distance Min distance ceessessettt T Botween leafn
! . Between leaf n Between leaf n and n (always 0)
; and 1 and 2
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Choosing the suitable distance metric

Choosing the suitable linkage criteria

:oned in Chapter 2 1 functi
As mentione ap , the linkage functions Create an agglomerative hierarch
lerarchical cluster

ree from the distances generated by the metric. In this pIoj
Ject an average linkage i
ge 1s used.

prawing a dendrogram of the clusters

The final step is drawing a dendrogram of hierarchical cluster tree is represented by link
inkage

function.

The previous three steps can be summarized in Algorithm 4.12.

e e = e e e e e e = e e = -
——— o —— - — - ———

|
| He_tree =create a hierarchical cluster tree ( E_distance , ‘average')

: dendrogram(Hc_tree)

e

_-—__—__—__—__—_-—-—_—-____....-__.___..._—__.—__—__—__—__—__._________..

4.7 Summary

This chapter included the preparation phases for implementation of the project that contained:

studying previous works related to this project, consulting an expert in the field of plant,

collecting images of tomato leaves, and using MATLAB® to simulate 2 project.

m compound leaf was explained. These features

The proposed to be used to extract features fro
uch as: number of leaflets and the structure of

¢an be extracted from compound leaf as 2 whole, s
leaf, and others, from each leaflet of compound leaf

s from compound leaf was explained. These

The proposed to be used to verify extracted feature
Ways are used to search for matching between two

features, and to distinguish the groups of plant from €

compound Jeaves depending on extracted

ach in the same plant leaf.
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51 Overview

5.2 Testing Environment

5.3 Testing Sample

5.4 Experiments and Results
5.4.1 Pre-processing Experiments and Results
5.4.2 Extracting Features Experiments and Results
5.4.3 Matching Plant Leaves Experiments and

Results

Summary
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5,1 Overview

: . A). In th .
esults of these algorithms will be covered. Is chapter the experiments and

The experiments will be done in three steps; PTe-processing experiments, extract;
1 1fyi , €Xtracting fi £
experiments and venifying the features. The results of these experiments will be al 'g eatures
e als
in this chapter. 0 ntroduced

pre-processing experiments contain the testing of algorithms were explained in chapter 4 and
. ' er 4 an
experiments will be applied on a compound leaf image before extracting features from it, such

as: converting the color model of the image and rotating the leaf into vertical orientation

[hen the extractm features expenments will be applied to pre-process the compound leaf image
to extract both global and local features. Finally experiment will be done to verify and evaluate
the extracted features.

5.2 Testing Environment

The system is written using image processing, statistics toolboxes and GUIDE (Graphical User

Interface Development Environment) in MATLAB®. It runs under windows platform.

5.3 Testing Sample
orithms is taken from the online database [9], the

The sample that was chosen to test the alg
Appendix B); all these

experiments were applied on 29 tomato leaf from this database (see

leaves conformed the conditions were assumed in Chapter 4.

34 Experiments and Results

d results for the project steps: pre-processing,
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sl Pre-processing experiments ang results

_ : ng t -
{0 do this Process: The experiment process contajns: g toolbox in MATLAB® was used

ing image from R i i
| Converting 1mag GB to a binary Image through grayscale uysi i
o using suitable functions in

«ob2gray’ function was used to convert from i
L RGB image to grayscale image as in Figure 5.1

BANAA
teus -

Figure 5.1 Converting RGB image of compound leaf
into grayscale image.

Then, to convert image from grayscale into binary, the first experiment was done using ‘dither’

finction in MATLAB®, but the output image was not clear and contained noise as in Figure 5.2.

grayscale image into

Figure 5.2 Converting grayse®”
binary image with nois€

60




L
haptel' FiVC

C
0/ Experiments and Results
the binary image m
So, 10 make iy = R e laan accurate, we useq e ¢
gctions in MAT.LAB®. The output image of this experiment | graythresh’ and “imoby,
eriment as in Figure 5.3. ecame clearer than the first

Figure 5.3 Converting grayscale Image
into binary image with less noise

2. Reducing the noise and closing the holes.

This process was done using 'open’ morphological operation to eliminate the rest of noises and

closing any holes in the leaf. See Figure 5.4 for more illustration.

RawhsA 7 3
[=}.13

Figure 5.4 Eliminating noise from image using

open morphological operation
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otate the image to vertical orientation, and it wag 176
§ .603

6 in degree.

Figure 5.5 The image after rotation using the
first method

Th . 4
e second method depending on the ready function in MATLAB® called ‘regionprops’ by

ing an Orientation property of this function, but to apply this function the connected

¢ : .
mponents in the image should be detected, so the whole leaf become often a single connected
component(region).

Then the function computes the angle (in degrees ranging from -90 to 90 degrees) between the x-

s and the major axis of the ellipse that has the same second-
and the output angle is necessary 0 rotate the

n degree.

moments as the region. The

output j :
Uput image of this experiment as in Figure 5.6,

imaoe ; 3 ; ] : .
age into vertical orientation, and it was 20.6228 1
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Figure 5.6 The i 1mage after rotation using the
second method

As illustrate, The results of the two experiments were close. In this project the second method

was adopted.
4, Eliminating the rachis of the compound leaf.

After number of experiments, have been reached that the most suitable number of 'dilation’
morphological operation was 10 times on our sample to eliminate the rachis. The output image

asin Figure 5.7.

L«

."__'—‘"‘— “
P O
O &

ithout rachis

Figure 5.7 The leaf image W
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5.4.2 Extracting features experiments and resulgs

First: Global features
o The number of small and large leaflets

After testing connected component technique on a binary image, cach leaflet had a distinctive

Jabel, it made possible to compute area for each leaflet as in Figure 5.8

Figure 5.8 leaflets of
compound leaf

After number of experiments have been reached for the most appropriate threshold to determine
the area of small and large leaflets was (0.2e+004). Depending on this threshold in Figure 5.8

the number of large leaflets was (5), and the number of small leaflets was (5).
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', The distances between the center of leaflet and the cent,
center of leaf

Figure 5.9 The distances between the
center of each leaflet and the center of
compound leaf.

Second: Local features

o The area and perimeter features were extracted from each leaflet of plant leaf.

o Angles between leaflets and Y- axis

After testing the second method was used to rotate the leaf on each leaflet, the results were as

shown in Figure 5.10

5 10 The angles between leaflets

Figure :
o and Y-ax1s
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, Form factor of each leaflet

Figure 5.11 The form factor of each
leaflet

o The physical length and width of each leaflet

After testing Algorithm 4.6, the results appeared as in Figure 5.12.

The physical length and

Figure 5.12
o width of each leaflet
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Aspect ratio of each leaflet

After testing Algorithm 4.7, the results appeared as in Figure 513
re 5.13.

Figure 5.13 Aspect ratio of cach leaflet

o The rectangularity of each leaflet

After applying Algorithm 4.8, the results appeared as in Figure 5.14.

Figure 5.14 The rectangularity of each

leaflet
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54.3 Verifying extracted features eXperiments ang
nd results

First: Matching plant leaves experiments and resuyltg

The first steps o implement this process, were choosing the suitable :
points of matching. resholds to determine the

After number of experiments, we found the best thresholds were as fol].
ow:

o The threshold was used to determine the center matching of leaflets (thresholdl in
Chapter 4) was 20.

o The threshold was used to determine the angles matching of leaflets (threshold2 in
Chapter 4) was 3.

o The threshold was used to determine the form factor, aspect ratio and rectangularity

matching of leaflets (threshold3, threshold4 and threshold5 in Chapter 4) was 0.10

After applying these thresholds in Algorithm 4.9 on two similar leaf images to find the matched

leaflets the system showed a perfect matching between the two leaves. For more illustration see
Figure 5.15

Figure 5.15 Matching between two
similar compound leaves
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Figure 5.16 Matching between two
different compound leaves

The ratio of matching between these two leaves was 0.333 this number was resulting by dividing 3

(number of matched leaflets) on 9 (number of leaflets in the first leaf).

These results conform to what we see in eye.

After testing the matching algorithm on different images, we found that the algorithm gives a
good results to find the points of matching. These results mean that the features were extracted

in accurate way.

Second: Hierarchical clustering experiments and results

Hierar, h ntains 2 mato leaf from different
' 1 1 iments were done on sample contains 9 to
erarchical clustenng experim 1 1

types (see Appendix B). The Statistics Toolbo
owing steps:

« in MATLAB® was used in this proces

Hierarchical Clustering was done using the foll

ch pairs of features Was computed using the
a

1. First the BEuclidean distances between €

‘pdist’ Function.

i - ‘linkage’ function.
2. Creating a tree from the calculated distances using
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3. The output was drawn using the “dendrogran,’ fun
ction,

After applying the Hierarchical Clustering on the sample we got th
) ot the following result:

ot U

25

| AT e
¥ | Lo [ 0

52228 611132318 1 9 14 2 31226 4 10 17 16 24 27 2920 7 19 8 1521 25

Figure 5.17 Dendrogram represents the
clustering of sampled tomato leaves

Figure 5.17 shows the result of applying hierarchical clustering on the sample, this figure shows
there are number of clusters in this sample, this number depending on when we want to cut the

dendrogram at the proper level.

The result on this figure is agreed to what we see in eye. Figure 5.18 shows an example of the

two big clusters (Red and Blue). In this Figure we can see that the leaves in the blue cluster

belongs to Potato Leaflet(PL) type that contains smooth edges and there are have a thick
leaflets, belongs to Regular Leaflet(RL) type that contains a tootheed and symmetrical edges
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Figure 5.18 Three sample leaves from
the two main clusters revealed by
dendrogram

The result of clustering confirms that the features that have been extracted in this project play an
important role in the representation of the leaf’s shape in accurate way, and this result will help

in the classification of the plant compound leaves.

5.5 Summary

: in Chapter 4 , the
This chapter contained the results of testing the algorithms were proposed in (hap

: i leaf.
tesults of pre-processing image, extracting features; matohing plants fe

Jogy was used to extracted
The results were illustrated in this chapter proved that the methodology

. " + compound leaves.
features from compound leaf gave good results in representing plant comp
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Future work




6.2 Conclusions

Pxtracting features from a plant compound leaf IS a new approach in the f
i 1 ] i mn the field of i
processine: This project will open the way for studying plants that haye co d ;) il
i . mpound leaves b
i SBlTs exdion consequently help in plant classification i thy
ation in the

future.

6.2.1 Project achievements

In this point the main achievements of our project are discussed and the ways of achieving it
o Proposing a methodology to extract features from compound leaf

The project succeed in introducing a methodology to extract features from plants compound
leaf. both local and global features depending on image processing techniques. These

features describe the leaf in a good way.

o Reducing user intervention to extract features

The main features in the previous researchs that depending on user were the physiological

length and width. In this project these features are no longer dependent in the user, these

features were extracted in this project depending on the axes of the ellipse contained the leaf.

* Finding the similarity in groups of plants that have compound leaves

to cluster the plant compound leaves

In this project we used a hierarichial clustering analysis '
o ¢ numbers of plant’s types 0 help in

into similarity groups, in order to reduce the size of 1arg

classification
uter vision 10 cluster plants with

UJsi m
or called ‘Using 0 p e

ological and geometxical features’,

pendix D).

For this project we wrote a pap
compound leaves based on morph:

Publishing it in the recent future (See Ap
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(2.2 project problems

yany provlems faced us during implementing thig proz o\

ec
olved and others have been covered here. Ost of these problems have been
s

k gample of study

in Chapter 4. Thi |
proposed in Chap 1 problem has not been able us to start in the working of
classification. :

, Eliminating the rachis of the leaf, matching leaflets

When elimenating the rachis in this project some small leaflets disapear, this because the
number of ‘dilation’ morphological process is used to eleminiate the rachis of the leaf
depending on the area of the leaf so the number should be dynamic. This project had been
applied an appropriate thresould of the sample. This problem is similar to the matching
problem related to the thresoulds are used to find the points of matching.

One suitable suggestion is provided here for solving this problem:

» Making the number of dilation process changes depending on the area of the leaf, by
dividing the area of the leaflet on the leaf area.

o Scale of the images

i f
The scale of the images effects on the some features such as the area, and the perimeter 0

the leaflets.

One suitable suggestion is provided here for solving this problem:

es will be not used directly

tu
» Making features depending on these features, SO these featur
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| 0 Chapter

g3 Future work

etc to represent the compound leaf
and that reflect other characteristics of e plant.
tely,
ocurd

Jection techniques can be used to fing the important features and the most effected
the seleC
Also th®

presenting the plant leaf, such as Fuzzy selection techniques
inre

these extracted features can be used in the classification of plants that have
re . . .
i i that represent an important component in human life, by using computer
d leaves
compourt
nachine for example.
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e

g
Ilnplementati0n Code

N Extracting features function

on was used to extract features from cq

efunctl mpoun
el pound leaf jg i
o o v g af is Ulustrateq here this funct
5 ction
; tion take the RGB i
This func 3 e .
ithis image as output, where: e it
urn the featureg of

;LeafletArea: the a:l:ea of the leaflet

Ve imeter: the perimeter of the leafiet

_centerX: The Xx-coordinate of th.
e

i t centerY: The y-coordi center of
y leaflet_ inate of the ¢ of the leaflet
, angle: The angle between the y-axis ang thzmierfof the leaflet.

earlet. :

¢ metric: The form factor of the leaflet
gaspeCtRatiof The ratio between the len.th
grectang‘JJ-arltY: Describes how the leaf?et i
y gmall:Number of small leaflets in the 1eafShape 3

F? of the leaflet.
1ffers from the rectangle.

on[leafletArea, perimeter, leaflet centerx 1 £
— r eafl

functi
., aspectRatio ,rectangularity, large small]

metric .- et_centerY ,angle

= Features(I);

s 1.Convert image from RGB to binary
s convert the image to black and white in order to prepare for th
e next

steps.
grayImage=rgb2gray (I) ; % Converts the true color image (I)
to the grayscale intensity image
(grayImage) .
threshold = graythresh (grayImage) ; % Computes a global threshold

(threshold) that can be used to
convert an intensity image to a
binary image with IM2BW.

% Converts the intensity image
(grayImage) to black and white by

thresholding (threshold) .

Bi = im2bw (grayImage, threshold);

% Usi_ng morphology functions, remove Pix 3
objects of interest and close the holes in the objects-
morphological

° es a Square < .
Creat t whose width 18

Se=gtrel ('s <
u J ; .
quare',2); structuring elemen
2 pixels.
gical opening on
y image (W) with the
lement S€-

OPenImage=j : ar

e= :

g 1mopen(BW,se), the bin
structuring €
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Appendix A

./ Implementation Code
_mage=imdilate (openImage e
e

. Se) ;
7 ¥ D
ga* (oot e Pinary tmge
mage) , returnj :
lmage (dilatelmage)%ng the dilateg
B age=-d LI EEERON ¥ Takes the cq

: Wplement of 1gqi
. Jical
lmage (dllateImage)by setting the

O's €lementg to 1,ang 1's element
to 0, to do the next steps.

potate the leaf image into vertical Orientation
%%;hﬁ the connected components in the images ang
%

give each one 1
sin order to know the label of the whole leaf to i e label,
1 .

" ouml] = bwlabel (comImage) ; % Label connected components in

binary image, ang return a
matrix (L) of the same size
as(comImage),containing labels for
the connected components in
(comImage),and returns in NUM the

number of connected objects found
in BW.

s pind the large area that belong to the leaf as a whole
forj =120 : E i th rea of the objects
i) = Li==1i) ; % Estimates e a
area(i) = bwarea ( in binary image(comImage), and
stores the results in (area)

matrix.
end
Taxa % Finds the largest element 1in :

g | (area) matrix that belong to the
leaf component in tha 1mage.lement
i e
% Fi indice of the large

e e matrix, and returns the

in (area)
result in (x).

%
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: ; ion
% Rotate the leaf into vertlcallorfa?gzztroid. ) ; e o te label
stats = i rops (Is rOrientation’, n labeled regio o
regionprop ’ operties for eac orrespond to di
Measures a set ?f.Pr Enteger elements of T €
matrix L. % Positive
. es)
regions.Where: lje (in degxre

X n

% 'Orientation' -- Scalézloghfh: gllipse that has
1 at
axis and the major ax

petween the X~
the same second-

ote that

- N
: the reglon- -
egion. ss of . te (ox
moments ZS th?,e];t%r' the centerhOEh:sizontal coordln;ent is the
% ‘Centroidi-= / id the

t of Centro

enter O
(Or y—coord

cond ele
the first elemen the se

coordinate) of'the &
vertical coordinate

f l'naSSl and




e

Q/fﬂfﬂffft___,
Impl !
¢ stats (x) .orientation < 0 Plementation Code
1

Otat . P 1 (90+ (Stat
s s (x) -Orientat
S ation)) ¢+ 'Nearegt
1
aIizol’tates the image Z’\. e
cogn: degrees in a 5
! | €rclockwige directi
LotateImage =imrotate (comImage, 90- (st .
'crop') ; ats (x) .Orientation) |
[ + Nearest:, . ..

5% 4.E1iminate the rachis
S upird morphological operation (dilation)
silate operation is dome 10 times as a
rolmage=-~ rotateImage; e

for i=0 :10
rolmage =imdilate (roImage,se);

to eliminat
e the ra Q
CHedeu i e

end
rotateImage =~rolmage;

3 5.Global features:
3 a.Find the number of leaflet and give e
ach one 1
[L, num] = bwlabel (rotateImage); e

% Find the number of large and small leaflet
for i=1:num

area(i) = bwarea(L==1);
end

x2 = find( area > 0.2e+004 *1); % proposed a threshold to determine

the large and small leaflets.

large=numel (x2) ;

¥ b.Find the center of the whole leaf

center= stats (x) .Centroid; % Where the center(1l) is tr'xe x-
coordinate, and center (2)is the y-
coordinate.

h leaflet from the center of

* C.Find the distance between the center of eac

the 1
% Fi i The boundary of leafle
nd the boundry of the 1eaflets. The

ts will be used

to extract below features .
s Eace exterlor ; '
[B,1] = bwboundaries (rotateImage: 'noholes ') poundaries of objects 1R
a binary image only.
bwboundaries returns B a8
indicator to the number
and returns

the label matrix D-
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0/ Implementatioﬂ Code
- regionprops (L, 'Centroigr) .
;‘éiti - 1:length (B) g

centroid = stats(k).Centroig;

centroid(1l) = centroid(i) - Center (1),

X_coordinate
centroid(2) = centroid(2) - center(2); o e P
; ik:stracts the Y-coordinate
] nter of leaf
% from the Y-coordinate
1eaflet_centerx(k)=centr°id(1); center of each leaflet.
leaflet_centerY (k) =centroid(2)

end

s 6.Local features:
stats= regionprops (L, 'Area’, 'Centroid"’, 'MajorAxisLength!,

tation') ; 'MinoraxisLength',
prienta '

0\0

Measures a set of properties for each leaflet. where:

% 'Area'-- Scalar; the actual number of pixels in the
leaflet.
% 'MajorAxisLength'-- Scalar; the length (in pixels) of

the major axis of the ellipse that has the same
normalized second central moments as the leaflet.
'MinorAxisLength' -- Scalar; the length (in pixels) of
the minor axis of the ellipse that has the same
normalized second central moments as the leaflet.

o\°

% a.Find the Form factor (metric) of leaflets
for k = 1:1ength(B)
boundary = B{k}; x
delta sq = diff (boundary) . 2; o
perimeter (k) = sum(sqriz ]ia)’»ur;(d:lta_sqlz ;
k) = stats .Area; ; e
;:zf:iitzi]):ei (4lpi* leafletArea (k) /perimeter (k) "2
‘end

*b.Find the angles of leaflets
% The angle between the y_axis
for x = 1:1ength (B) 3

angle= stats (k) -Orientationi

and the leaflet.

i angle < 0 . tion))i
angle2=-1* (90+ (stats (k) .Orienta
else . tion) i
angle2= 90- (stats (k) .orienta
end
angle (k) =angle2;
end
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.+ the Aspect Fatio Implementation Code

‘ o Find

°

o 1eaflets
kK = 1:1ength(B)
9th and wigp
of the

T
aspectRatio (k) =stats (k) .

§ d,aectangularity
s this feature is extracted
s the leaflets dependin
for kV= 1:1length (B)

g on the
length, width and ar
ea of

rectangularity (k) = (stat
— s .
/stats(k).Area; (k)'MajorAxiSLength*st ts(
ats (k) .Minoraxj
AxisLengt)

end

A2 Clustering Code

The clustering code was used to im -
' plement a hierarichi :
illustrates here: rarichical clustering on the sample (29 image)

35 Read the leaf image (RG
' B model
fid = fopen('C:\Data.txt'); Tt eXtraCtS°fg;:r11r§151:
% e Data file that
stores the paths of the leaf
image.

ra =
wPeatures = fopen('C:\test\rowData.xls', 'W' )i

% Extract featur
o es from 29 leaf.

name= f : 5
scanf (fid, '%$s',1) s Read 1 rows each time from

the Data file, convert it to
string and stores it in
(name) variable.

=icedalinanel % Read image and return the
image data in the array (1)

(leaf .
'aSPec}:zi]‘:ea'perimeter:1eaf1et centerx,leaflet_centerl){ _angle ,metric..-
Y rEsokes i T 11] = Features(I 2 '
gularlty,large,sma : s Call Feature function, to
extract features from the
d it the image data,
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st —
Im
= Plementatiy, Code

leaflets (RN

: o the features in fea

;oit§r= 1:1eaflets (P) St
feature (P, k,1)=leafletArea (k) ;
feature(P,k,Z) =perimeter (k) ; :
feature (B k8] =1eaf1et__cent’erx (k
feature(Plk' 4)=leaflet centerY(k) :
feature(P’k' 5) =angle (kT,- G
feature (P, Kk, 6) =metric (k) ;
feature (P, k, 7)= aspectRatio (k) ;
feature (P,k,8)=rectangularity (ll;) .
feature (P, k, 9) =large; :
feature (P, k,10) =small;

gprintf (rowData, rgxd\t 2d\t 3f\t %f\t o ;

%ﬂnnZ,P,k,l?afletArea(k),Perimeter>k)f§;tfsf\t $f\t

angle (k) , metric (k) ,aspectRatio (k) , rectalllgual‘anlrit_ile:)lte
Yy dl

end

5 Clear the variable

i s to prevent the error in
clear leafletArea

clear metric

clear aspectRatio

clear rectangularity
clear leaflet_centerX
clear leaflet centerY
clear large =

clear small

end

o°

oe

fclose (fid) ;

feloge (rowData) ;

%% Pr
€pare data to cluster:

Tesult= :
t‘fopen('C:\test\newFile.xls'. AR

%

$E\t %f\t FE\t3f\t
rX(k),leaflet_centery (k)
arge, small) ; '

data.

Finishing the read and extract
the features from 29 leaf
image.

Closes the open file (Data),
where fid argument is a file
identifier associated with an

open f£ile (Data) .

e to store the

newFil
the £ features

Oopen
12 stnce ©

gpuclidean di
petween €ac¢
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" /\ppfﬂldi)(IA

/ Implementat;
ntatio
sult2=fopen (*C:\test\newr n Code
re

ilez .xls v
o Twe );% Open the
s new

Minimum giq File2 to
malized data

s NOX
g N 4 (rc:\test\ rowData.xls');

p=10a
fOr Z=3 :12

et a1izedreatyres (2:2)=M(:,2)/ max(m(:,s))

end

v=0i
for i:l :P
for j=1:leaflets(i)

for g=3:12

newFeature (i, j,g-2) =normali
th lizedFeatures (F+v,q) ;

end
v=v+];
end

iCompiri each leaflet in leaf with other leaflet from other leaves.
or n=1:
for z=1:1leaflets (n)
for x=1:P
for k=1:1leaflets (x)
% Compute the Euclidean distance between features of each
two leaflet,

% and stores the result in (newFile) .
MSE1= (newFeature (n, z,1) -newFeature (X, k,
MSE2= (newFeature (n, z,2) -newFeature (X, k,
MSE3 = (newFeature (n, z, 3) -newFeature (x, k,
MSE4 = (newFeature (n, z,4) -newFeature (X, k,
MSES5= (newFeature (n, z, 5) -newFeature (x,k,
MSE6= (newFeature (n, z, 6) -newFeature (X, k,6))
MSE7= (newFeature (n, z, 7) -newFeature (x, k. 7)) ‘il
MSES8 = (newFeature (n, z, 8) -newFeature (¥, K, g; ; A
MSE9= (newFeature (n, Z, 9) -newFeature (x,(k,k o) 5A2 :
MSE10= (newFeature (n, Z, 10) -newFeatuze (%, % ;

SE6+MSE7+MSE8+MSE9+MSE10) 5

Avg=sqrt (MSE1+MSE2+MSE3 +MSE4+MSES+M

; 5 sf\t %f\t
of\t 5f\t 6f\t
t %d\t %d\tszg\;s;‘m SES,MSE6, MSET, MSES,

fI>rint-_f(
; result, '%*d\t %d\t %d\
i MSE1,MSE2,M

;’;\t 3f\t $f\ts f\n’,2,n, z, %k
B9, MSE10, avg) ;

MSE (k) =AVg/
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end
% Find the minimum g
i i istance betweep the 1
minAvg(x)=min(MSE); eaflet ip leaf ang
clear MSE;
% Store the results i
: 1 newFil
fprintf (r 2 s
D (result2, r3x*q\t %A\t %d\t s
. sf\n',z,n,z,x minAvg (
3 g(x));
end

¢ Close the opened files
fclose(result);
fdpse(resultz);

s To Find the minimum distance betwwn each leaves, and st
s in (newFile3) ores the results

arr=load ('C:\test\newFile2.xls'); % Load the newFile2 into (Arr)

matrix
result3 = fopen('C:\test\newFile3.xls', 'w' );

c=1;e=c;d=0;
for x=1:P
for j=1:P
for i=1:leaflets (x)
A2(i)= Arr(c,4);
c=Cc+P;
end
v=min (A2) ;
fprintf (result3, '$*d\t %d\t $f\n',2,%,3,V):
clear A2;
c=e+j;

end

d=d+ leaflets(x); c=d*P; c=c+l;e=C;
end

fclose (result3) ;

rs it in newFile4.

? o
 Prepare a matrix for cluster process, and St
sload ('C:\test\newFile3.x1s'); e
rgmu¢4 = fopen ('C:\test\newFi1e4.xlS ’
C :l’.
for i=1:p
for j=1:p
B2(i, j)=B(c2,3);
c2=c2+1;

]nt I % t' ., j );
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end 1ta "‘\n"' ) ;
?culiose(result‘l) ;
the cluster analysis and dray 5 de
g igago (rc:\test\newFiled4 .xls'); Sdgizan,
Cc=

% Load the NewFiled4 to ¢ array
¢ = pdist (€); ¥ computes the Euclidean distance between
galrs Of objects in n-by-p data matrix
, - linkage (¥, 'average') ;

g = dendrogram(Zz, 0, 'colorthreshold’, 'default'); s generates a dendrogram

plot of the hierarchical,
binary cluster tree
represented by Z, and
assigns a unique color to
each group of nodes.
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W

\3 Matching Code

t = Matching int
funC;éHING*INTERFACE M-file for Matching(virargln)
§ BT \TCHING_INTERFACE, by itself, cyg Nterface.fiq

' the existing New MATCHING
ralses singleton* . _.INTERFACE or
%
5 = ING INTERF
§ b _dﬁng ¥ ACE returns the hanqie to a new ma

he han . : TCHING I

2" the existing singleton*. _INTERFACE
§
' MATCHING_INTERFACE ( 'CALLBACK'

% +hObject, €ventData, handleg

- . : --) calls the
function named CALLBACK in MATCHING_INTERFACE.M with i
e the given input
%
MATCHING_INTERFACE ('Property’, 'Value' ) creates
ree. a new

I.mTcHING_INTERFACE or raises the

isti ingleton*. Starting f
5 existing 8ing g Ltrom the left, property value pai
applied to the GUI before Matching__interface_OPeningFZn get: EZillfzdare

5

An 3 »

g unrecognized property name or invalid value makes property application
% stop. All inputs are passed to Matching interface OpeningFcn via
varargin.

%

$ *See GUI Options on GUIDE's Tools menu. Choose "GUI allows only one

instance to run (singleton)".

e e

% See also: GUIDE, GUIDATA, GUIHANDLES
% Edit the above text to modify the response to help Matching interface
% last Modified by GUIDE v2.5 08-May-2010 231804

% Begin initialization code - DO NOT EDIT

qui Singleton = 1;

qui_State = struct ('gui_Name', mfilename,
'gui_Singleton', gui_singleton,
'gui_OpeningFcn', @Matching_inter
'gui_OutputFcn', @Matching_inter
'gui_LayoutFcn', [0

; 'gui_Callback', [1);

If nargin g& ischar (varargin{1})

gui_State.gui_Callback = str2f

face_Op eningFcn,
face OutputFcn,

unc (varargin{ aLy)) 7

end
if nargout varargin{:})

o 1 \ te,
[varargout {1:nargout}l = gui__m1nfcn(gu1__5 -

elge

L Ui mainfen (gui_State, varargin{:}) 7

% i
Eng initialization code - DO NoT EDIT
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/ | Ilnplementati()n Code
gxecutes just before Matching j

d.. : . ntexs ‘
§ : Matchlng_lnterfaCe Openi ace ig

gion : — NgFcn (hop< made viaq:
fun;is gunot1oRATEE BONS RRRE tangay seé ngeCtr EVentda;tL-_Zlble.
%Tobjec handle to figure Utputrey | . handleg
g b ata reserved - to be defineq

Ventd . an g
%iandles structure with handleg = future Versi

, yarargin

' Vararg in)

e default command line output fq

0S
e output = hObject;

yand1€S -

5 Matching_int erface

handles structure

date
gue Object, handles);

quidata (h

¢ yIHAIT makes Matching_interface wait for

: u
s uiwait (handles.figurel) ; SEr response (see UIRESUME)

___ outputs from this function are returned :
:unction varargout = Matching_interface_Outputzzntzigb;fZ‘:‘sand line.
s yarargout cell array for returning output args ( '
§ hobject handle to figure
s eventdata reserved - to be defined in a future version of MATLAB
¢ handles structure with handles and user data (see GUIDATA)

eventdata, handles)
See VARARGOUT) ;

s cet default command line output from handles structure
varargout {1} = handles.output;

§ --- Executes on button press in imagel_axes.
function imagel Callback (hObject, eventdata, handles)

% hobject handle to imagel_axes (see GCBO) :
% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)
inage file = get (handles.editl, 'String');
global I;

Izimread (char (image_file)) ;

set (handles .imagel axes, 'HandleVisibility', o
axes (handles.imagel_axes) ;

image (1) ;

axis equal;

axig tight;

axis off;

s)
fnction eqit1 callback (hobject, eventdata handle

zhobject handle to editl (see‘GCBO). » future version of MZ)\TLAB
®Ventdata reserved - to be defined ;nuSer data (see GUIDATR

andleg structure with handles an
editl as text

ontents of contents of editl a8 @

rns C
etu returns

53 i
; TMES: get (hobject, 'String') i)

Gouby str2double (get (hObject,
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: : Implementation Tt
B ixecutes gurlngObJ(ect‘creation, after
1 ction edltl_Sheq t.IObJeCt' eventdat Setting a33
fu;obje t handle 20 editl (See GCBO) a, handles) prOpertieS.
rve = .
jeventdata res: : hangi be defined ip e
y pand1€2 T =9 Hoticreatediing iy r; Version of marrap
ArLte

i trols usually h i
. ¢: edit con Y have a wnp

s B e ISPC and COMPUTER. "te backgroung o Window
?f jopc && isequal (get (hObject, 'Backgroun e
Lo ‘defaultUicontrolBackgroundColor'))

get(s'et (nobject, 'BackgroundColor', 'whiter);

dCOlor ) -

end

gunction edit2_Callback (hObject, eventdata, handles)
y hobject handle to edit2 (see GCBO)
s eventdata reserved - to be defined in a future ver

s handles structure with handles and user data ( e

see GUIDATA)

s Hints: get (hObject, 'String') returns contents of edit2 as text

§ str2double (get (hObject, 'String')) returns contents of edit2 as a
double
y --- Executes during object creation, after setting all properties.

function edit2 CreateFcn(hObject, eventdata, handles)

% hObject handle to edit2 (see GCBO)

s eventdata reserved - to be defined in a future version of MATLAB

% handles empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
3 See ISPC and COMPUTER.
if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor "))
set (hObject, 'BackgroundColor’, twhite') ;

end
t --- Executes on button press in image2. s
guHCtim image2 Callback (hObject, eventdata, handles

hObject  handle to image2 (see GCBO) :

; n of MATLAB

?eventdata reserved - to be defined 1n a future ‘(rzzzlgUIDATA)
; handles structure with handles and user data
nage file = get (handles.edit2, 'String’ )i
9lobal 12;

121
“~inread (char (image file));

:it (handles.image2 axes, 'Handle
im:S (handles.image2 axes);
age (12) ;
s equal;
s tight,
&ig off. l

visibility", "N
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% Executes on button press in matching
t = ion matching_Callback (hObject, evenrq,
unct o handle to matching (see g 2, handleg)
thbJ‘:data reserved - to be defineg (iin) :
. evell : a fut
" jandles structubesWLth Handlealandiysey dlil{z \ZerSion of MATIAR
See GUIDATA)

B o first image
B global I;

graylmage=rgb29ray (x);
threshold = graythresh (grayImage) ;
BW = im2bw (grayImage, threshold) ;

% Make open operation to eliminate noige
ge=strel ('square',2);
openImage:imopen (BW, se) ;
dilateImage=imdilate (openImage, se) ;
comIimage=~dilateImage;

% Find the connected componenet in the images
[L, num] = bwlabel (comImage) ;

% Find the large area
for i=1:num
area(i) = bwarea(L==i);

end
maxarea=max (area) ;
x=find( area == maxarea);

% Rotate the leaf into vertical oriantation i
stats = regionprops (L, 'Orientation’, 'Centroid' )i

if stats(x) .Orientation < 0
) Orientation) ), ‘nearest', rcrop') i

®oltage=imrotate (comImage, 1* (90+ (stats (¥

else
(st rOImage:imrotate(comImage,90—' 5
ats(x) .orientation), 'mearest', 'C¥OR')
end

% Find the center of the whole leaf

center= stats (x) .Centroid;
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¢ gliminate the rachis Immementation Code

roImage:z:-roImage,-
for i=0:10
roImage2=imdilate (rOImagez
' SE) >

end
roImage=~roImage2;

¢ Find the number of
leafl
[L, num] = bwlabel ( Siand i
rolmage) : give each op
; € label

¢ Find the number of
for i=1:num large and sma1l
area(i) = bwarea(L==i);

leaflet

end
x2 = find( area > 0.2e+004 *1)

large=numel (x2) ;
small=num-large;

sset (handles.ui igi

%set(handles.fzp??siziéizfs%gl?"'ON');

?se;(handles.fB ,'Visible':'ogngi

%:zt Eizggies .edJl.t3 , 'String', small , 'Visible!',’
es.edit4, 'String’', large ,'Visiblz','gg:;;

?BF;?d tgebboundry of the leaflets

A = bwboundaries (roImage, ' )5

for k = 1:1length (B) G
boundary = B{k};

end ’

rorientati

stats =
xMinorAXi SLength' ’

regionpr
om);p ops (L, 'Area', 'Centroid’,

'MajorAxisLength"

o,

Z Find the center of e
or k = 1:1length (B)
centroid = stats(k

ach leaflet

),Centroid:

- center (1) 7

centroid (1) centroid(1)
_ center(2)i

centroid(2) = centroid(2)
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centerx (k) =centroid (1) ;
centery (k) =centroid (2) ;

end

[

s Angles of leaflets
for k = 1:1ength (B)
angle= stats (k) .Orientation:;
if angle < O
angle2=-1%* (90+ (stats (k) -Orientation))

else

angle2= 90—(stats(k).OrientatiOn).
end ;
angle (k) =angle2;

end

s Find the Form factor of leaflets
for k = 1:length (B)
boundary = B{k};

end

% loop over the boundaries
for k = 1:1length (B)
boundary = B{k};
delta_sq = diff (boundary) 525

perimeter (k) = sum(sqrt(sum(delta_sq,z)));
area2 (k) = stats(k) .Area; ; .
metric (k) = 4*pi*area2 (k) /perimeter (k) “2;

metric_string = sprintf('%2 .2f',metric(k));

end

% Find the Aspect ratio

for k = 1:1ength (B) .
Aspect (k) =stats (k) .MajorAxisLeng

end

th/stats (k) .MinorAxisLength;

% Rectangularity

for k = 1:length(B) ts (k)
S h*stats (k) .MinorAxisLength) /sta
ngt

Re . 0
'A(rt:ngularity (k) =(stats (k) -Ma] orAxisLe

end
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gt
Imp] .
s store the features Plementation Coe

for k = 1:length (B)

1)=area2(k);A(llk.2)=perimeter(k)

ks . JA(1
Al )=angle (k) ;A(1,k, 6) =metrj 'K, 3) =
; 1,]{,5 = 9y, ric (k) ; centerx :
"};ct(k) ;A (1,k, 8) =Rectangularity (k) ALk, 7)< ) ALk, 4) =centery i
As d !
en

4 for second image
global 12;

grayImage2=rgb2gray (12) ;
threshold2 = graythresh(grayImagez);
BW2 = im2bw(grayImage2, threshold2);

ge=gtrel ('square’, 2) ;
openImage2=imopen (BW2, se) ;
dilateImage2=imdilate (openImage2, se) ;
dilateImage3=~ dilateImage2;

Q,

% Find the connected componenet in the images
[L2, num2] = bwlabel( dilateImage3l);

% Find the large area
for i=1:num2

area3 (i) = bwarea (L2==i);
end
maxarea2=max (area3) ;
x2=find ( area3 == maxarea2) ;

tion

3 i ertical orianta :
Rotate the leaf into Vv 'Centroid' );

stats2 = regionprops(LZ,'Orientation',

if stats2(x2) .Orientation < 0
roImage2=imrotate( dilateImage3,- s
1”(90+(st:at:sz(x2).Orient:at:ion)),'ne""re?’t" SRR
else
ot roImage2=imrotate ( dilate
ats2(x2) .Orientation), 'nearest’,

Image3,90-
tcrop')i

end

o,

£
% Find the center of the wyole lea
Center2= stats2 (x2) .Centroid;
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i
Implementays;
en
s gliminate the rachis tation Code

roImage3=~rolmage2;

for i:o . 10
rolmage3=imdi1ate(rolmage3 se)
end e

rolmage2=~rolmage3;

s Find the number of leaflet apg

(L2, num2] = bwlabel (roImage2) ; give each ope label

¢ Find the number of lar

;or i=1:num2 ge and small leaflet
area2 (i) = bwarea(L2==i);

end

x3 = find( area2 > 0.2e+004 *1);

large2=numel (x3) ;

small2=num2-large2;

¢ Find the boundry of the leaflets
[B2,L2] = bwboundaries (roImage2, 'noholes') ;

for k2 = 1l:1length(B2)
boundary2 = B2{k2};
end

global stats2;

stats2 =
regionprops (L2, 'Area', 'Centroid"',
ion');

'MajorAxisLength' , 'MinorAxisLength', 'Orientat

% Find the center of each leaflet

for k2 = 1:1length(B2) ;
centroid2 = stats2 (k2) .Centroid;

_ center2(1);

centroid2 (1)
- center2(2):

centroid2 (1)
centroid2 (2)

centroid2 (2)

centerx2 (k2) =centroid2 (L)%
centery2 (k2) =centroid2 (2) i

end
% Angles of leaflets

for k2 = 1:length (B2) : pins
angle3= stats2 (k2) _Orientation
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| Im .
if angle3 < 0 plemeﬂtaﬁon i

angle4=-1* (90+ (stats2 (x
2)-0rie
ntation)).

else
angle4= 90- (stats2 (k2) i
.0 .
end Tientation) :

angle3 (k2) =angle4;

end

¢ Find the Form factor of leafletg

for k2 = 1:length (B2)
boundary2 = B2{k2};
end
for k2 = 1:length (B2)
boundary2 = B2{k2};
delta_sg2 = diff (boundary2).”2;
perimeter2 (k2) = sum(sqgrt (sum(delta_sq2,2)));
area3 (k2) = stats2(k2) .Area;
metric2 (k2) = 4*pi*area3 (k2) /perimeter2 (k2)*2;
end

% Find the Aspect ratio
for k2 = 1:1length (B2)
Aspect2 (k2) =stats2 (k2) .MajorAxisLength/stats2 (k2) .MinorAxisLength;

end

% Rectangularity
for k2 = 1:1length (B2)

: isLength) /st
Rectangularity2 (k2) = (stats2 (k2) _MajorAxisLength*statsz (k2) .MinorAxisLeng /
ats2(k2) .Area;

end

% Store the features
for x2 = 1:1ength (B2)

erx2 (kZ) ;A2 (Zlkz

= t
y ;A2 (2,k2,3) =cen k2,7)=

meter2 (k2 _metric2 (k2) iA2 (2,

(2 =peri
'k2,1) zarea3 (k2) ;A2 (2, k2, 2) =pert ) ;A2 (2,k2,6)

H)=centery (k2) ;a2 (2, k2, 5) =angle3 (k2] 7007
ect2 (k2) ;a2 (2. k2, 8) ~Rectangularity? (k2//

end

¥ Fing ;
2 match ma
0‘0' ing imshow(rOI ge)

' . i e
%MHOtUuZ,l, 'Parent',handles‘matChlng—lmag
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on

hOldk3 = 1:length (B)

foitrOid = stats(k3) .Centroig;

ce

interString = gprj |
ntf(rgq:
text 2 ' k3 M
s (centro:.d(l),centroid(zgl i

PhTor ) o0 cats 'FontSize! Je

' ontSize', 14, 'FontWeight' 'boldr)
& le) 1 -
end

qubplot (1, 2,2, 'Parent',6 handles. Matching image), imshow(roImagez)

1d on
lflgr k3 = 1:1length (B)

for k2 = 1l:length(B2)
if A2(2,k2,3)- A(1,k3,3) < 40 && A2(2,k2,3)- A(1,k3,3) > -40 &&
12(2,k2,4)- A(1,k3,4) < 40 && A2(2,k2,4)- A(1,k3,4) > -40
if A2(2;%2,5)-*2A(1, k375) “<f3igs N2> 12 5)- Al k3 5) = '3
if A2(2,k2,6)- A(1,k3,6) < 0.1 && A2(2,k2,6)- A(1,k3,6) > -0.1
if BA2(2,k2,7)- A(1,k3,7) < 0.1 && A2(2,k2,7)- A(1,k3,7) > -

0.1
if A2(2,k2,8)- A(1,k3,8) < 0.1 && A2(2,k2,8)- A(1,k3,8)
>-0.1
A3 (k3)=k2;
c=c+1l;

centroid2 = stats2(k2) .Centroid;
interString = sprintf('%d’, k3) s :
text (centroid2(1), centroid2(2), interString

’IC 1 1 1 1
olor', 'm', ... 'FontSize',14, 'FontWeight', 'bold');

end
end

end
end

end

end

eng
set(handles .ratiol , 1vigible', 'ON') ,'Visible’ ’ 1ON') i
%et (hand1eg .ratio2, 'String’, c/k2 .
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el‘d

.f k3 <= kz : 1 |v' .
i (handleS-ratlo . 'Visible', 'ON');
st ndles.ratio2, 'String', c/k3 | 'wigipe,

Set( , 'ON') -

end

§ . open Callback(HObjlect, leventdars HABEERG e EaEEt St
E”Eg;;th 5 handle to Open (see GCBE‘)iata, handles) Bl
; eventdata resexvedis t.‘_o be defined in a future )

, pandles structurt::- with handles and user data ‘Zer31on of MATLAB
file = pigetfile('*.fig'); see GUIDATA)

if ~isequal (file, 0)
open(file) i

end

R e e L R
function print_Callback (hObject, eventdata, handles)

 hobject handle to Print (see GCBO)

s eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
printdlg (handles.figurel)

function File Callback (hObject, eventdata, handles)

% hObject handle to File (see GCBO)

t eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

(Il s o ey g e e s S o e S
function Close Callback (hObject, eventdata, handles)
f‘hObject handle to Close (see GCBO)

* eventdata reserved - to be defined 1n a

()

¥ handles structure with handles and user d

future version of MATLAB
ata (see GUIDATA)

Gelete (handles . figurel)
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s (111) compoung |

- Sample of Stud
Appendlx B \
O/G;l'k ed about an online database that Contaip
: Chapter 4;tv;nly 29 images were taken to apply this p
- 010j€
. his PO

images in the online database haye je
o, Some 1magld not determine the correct mq
aﬂd we cou

large or small s
images have a very
Some 1mag

ly 29 images from this database as asam
i i O:rg assumed in Chapter 4. These images
itions W
gondition

Toject, this relate

avy leaﬂets, SO some
ment of inertjg to rotat
aling in the area, so it

leaflets

eaf images, but

d to Mmany Téasons, some

are overlapping

e the image.
Causes problems in

ple of study, these images are identical to
are illustrated in the below table.

{ T i
: Image 5:Northern
Image 3: Black Ima.ge 4 Black .
Image 2: Banana age 3:] : ek
[mage 1 : Aunt m ey ‘ "
Ruby's German Lege . o
Green
|
e _sdn
/T Tmage 10: Blonde
/_;:lzzar’d’ Image 9: Box® Kuphchen
= Sl Image 8: willie L//
Ingge 6, Yellow | Image 7: Black iR
fange Globe Krim s O
o \\




Image 12: Brown
Berry

Image 14:
Bulgarian Triumph

e
Ciseunre

et U SO

Image 15: Lutchrist
Zurich

T N
| aat

Image 16: Light Image 17: Image 18: Image 19:Cherokee | Image 20:
' i bell Chocolate Cherokee Purple
Pink Oxheart Chadwick Cherry | Chebella
Marzano
! e
i et
foiil o
[mage 24: Lemon 5
- (B 5): Peac!
lcmag?zl. Crimson | Image 22: Sub Image 2 i Boy B e
-~ =
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Image 27:
Harbinger

Image 28: Red
Satin

\
Image 29: Goliath
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dixC

L1 L L L WU LT Lt U W W W W W w

‘ Appeﬂ
: W
i pelow tables contains a sample of featyreg WeTe extracted ir g
A °¢ 10 this project,
:.wﬁet |eaflet Ared perimeter leaflet_Xcenter leaflet Ycenter angle o
il i 4360 393.5219 -12.872726 32.41956 85450 actor aspecr ratig rectangularity large lef
; i - 1778 2327107  -76.578163 1345090 -85.4706 0'25;3801 2199399 130 g eletss small feflets
E g 3316 3119239 -50.136582 39472215 -g.479, 0'4233; 3661701 33947, 5
= 6604 4415219 11468878  -13041503 -71374 024,5709 2785594 1438038 5
s 3995 346.1665 60.757733  -81.031989 399716) A 1878726 135303 5
B 183 70.62742 26811303 -19.741771 -51,242¢ 0.461014 215968 1400626 5
7 5124 406.5929 73827697 41963537 62,6891 0.389493 222‘7796 1544817 5
% i 1670 2254386 54006015 191143272 -83.3351 0.412924 2'12286 —— 2
B M3 2700244 -1004%6383 116633424 7963456 0467575 2.453933 s 2
i 2 3635 317.4386 -88.14689  -37.686944 -86.522 (.453309 2:677691 1'414842 5
K 655 106.7696 -53.7886 896152 80.4923 072032 178675 1.312573222 5
' 4 516 100.769  -31.975836  -101.374863 -62.5153 0.638559 1.853216 1.34773; :
B 13 2024264 26431114  -58.566724 -88.8805 (0398675 4.614925 2l203914 :
B 6 5197 367.7229 21.353318  -178.258084 B.776018 0482971 1945 1:335698 :
{ 5 7 113 44.38478 29.7628%  -73.150795 -T3.9047 0720809 155673 1337816 5
1 2767 286.5097 70924312 -12.499864 7131 0423585 3.038986 1409204 5
I 408 83.69849 40.102823 4A.96759 8A.65825 0.731871 117486 135734 5
l 7 10 2970 273.8234 100968757  125.848091 -56.6593 0497766 2522561  1.374246 5
The below table contains a sample of distance matrix of this project
i
| Nleaf
zh“ 1 2 3 a 5 6 7 8 9
{ 1 0 0.334705 0.319235 0.410713 0.863281 0.814043 0.416498 0.527452 o.14;l:§?2:
i 2 0.334705 0 0.247389 0.328777 0.761005 0.798266 0.441503 0.37305 02.1216168
i 3 0.319235 0.247389 0 0.416879 0.783869 0.828639 0.312718 0.473554 3.431012
; 4 0410713 0.328777 0.416879 0 1.02184 1.037944 0.45753 0.42;1;';' 0'836784
: 5 0.863281 0.761005 0.783869 1.02184 0 0.236609 0.8;3254'7/ g';goms 0:806316
{ § 0.814043 0.798266 0.828639 1.037944 0.236605 0 0.7 . 0:316263 -
% 7 0416498 0.441503 0.312718 0.45753 0.819047 0.73045; T o 518085
: 8 0.527452 0.37305 0.473554 0.422177 0.767386 0.80064 0'355743 0.518085 0
9 0144423 0.26672 0.246168 0.431012 0.836784 0.806316 0.
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3 1* 1
1a Abu Maizer , Haneen Tartory' *, Asma dg;¢! * ;
Du dais' ", Dr Ramj Arafel?

> ¢ Polytechn;i s
PO. 198 Hebron, Pa{cts gﬁlel'lc University, Jabal Abu Roman,

and Dr. Hashem T amim;Z

2Biotechnology Training and Research Unit, Palestine p :
> ol g
P.0.198 Hobron, Palestiyxtfec.hmc University, Jabal Aby Roman,

Abstraft. Extraction features from plant leaf represents a challenging problem in image
processing. Many researchers extracted features from plant leaf to help in plant
classification and also in early diagnosis of certain plant diseases. Many previous
researches emphasized on extracting features from simple leaf using image processing
techniques. This paper aims at proposing a methodology to extract features from a
compound leaf using image processing, which is used for clustering plants have
compound leaves into similarity groups, this will help to know the plants that have
similarity features. The experiment results show that the proposed methodology of
extracting features from a compound leaf can be used to cluster the plant compound leaf

into similarity groups.

Index Terms - Extraction features, clustering, compound leaf.

L Introduction
Plants represent an important component in human Jife. Recent advances in computer tfa?hnologly Ofen :
16w avenues in many life sciences including plant biology (Botany)- Cor.n;')utcr ICCOgnltw.n 0:1 z:gtyp
nd discrimination between plants by computer feature extraction are gaining more attention

Scientists,
ant can be extracted from different

of pl
ations for

for humans, features A
5 could have many implic

and 1t
plant diseases-

Many plans carry significant informati

Prts of the plant such as fruits, flowers, 1001 OF plant leaves;

A . : n
*ample in plang taxonomy or in the carly diagnos's ofies

P e e

Hually contribution
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This paper aims at proposing a methodology to extract features from
Compound leaves using j
g image

el

sfudy, tomato Jeaf is suggested because it appears in many types depending on th
& on the variety of fryit sha
pe

and size.

These exu‘acted features are used in this Paper to cluster plants that have compound | into
E R . 0 eaves i
gimilarity groups based on features; this will help the interested researchers in the plant field to know th
gro ow the

siilarty plants that have the similar features, also the clustering can be used to reduce the s f1
) - o V4]
mmbers of plant’s types to help in classification. of large

The proposed methodology uses digital images of a compound leaf, then using image processing to
pre-process the images of the leaf to isolate the main leaf of tomato from other parts of leaf, and then to
extract the proposed morphological and geometrical features from a plant compound leaf image. After

that the hierarchal clustering is used to do the cluster process.

This paper implements the extracting features methodology with minimum user intervention, and gets
benefits for the geometrical and morphological features from the previous works, such as the features have

been proposed by Wu, et al. 2006 [1]. Our main improvements are on feature extraction from plants
have compound leaf and clustering them into similarity groups.

The rest of this paper is organized as follows. Sec. 11 discusses image pre-processing. Sec. 111

inftoduces how the proposed features are extracted. Hicrarchal clustering of plant compound leaf s
dscussed in Sec. V. Experimental results are given in Sec. V. Sec. VI concludes this paper.

I,

Image Pre-processing

4 : ;
Conver ting RGB image to Binary x 600 resolution, there

The Jeaf ; . igi A
ima . digital camera.
ge is acquired by scanner of g ldbea complete Jeaf of

i s c
W0 estriction on the direction of leaves, the IMAE° shiot.

|1 Jeaf images are in 800
plant and not leaflets,
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N
flets of compound lcaf should not be overlap, the i
Jcatlc

&c Sho‘ﬂd bc mn 4
yould be isolated ffom any background, 11the RGB format, ang g
yes S
GBimage is firstly converted into a grayscale image.
AR

convert the grayscale images into binary images, 5 given thre

to shold should be ygeq ;
' an object in the image from the background. sed in order to

separatﬁ

5, Reducing the noise in the image.

open morphological operation is performed on the binary image of the lea

e .

Th‘ h do not belong to the leaf of interest, and to close the holes in the leaf'i
ic pYie ;

il hological structuring element whose width is two pixels is used.

morp

£, to remove the pixels

mage. The square

¢ Rotating the leaf into vertical orientation.

Rotating the leaf into vertical orientation is done in this paper by finding the center of the gravity, and
0
ien moment of inertia of the leaf is determined.

Determination of the Center of Gravity: For a leaf surface is described by function f(m, n),
ete:

sisting of N pixels, the Center of Gravity coordinates (m*, n*) can be calculated as Formula
con ;

0

1 HEE o

(m,n)ER

WO 1th respect to the center of
1 f In rt1 f 1t f 1 1 Wlth p
ment; &) .a' the moments 0O ine ia (0) ¢ blnary 1mage deﬁned
S0 -

gravity of the leaf as Formula (2)

@)
: q
—m )P —n®)
Ppq = Z Z(‘
Lo
Wherep, g = 0,1,2. .5 e
ot ined by using the 10

Then, the leaf oriented which is determined by e

(m -m *)Sin (9)]2

1(9) = Z Z[(n _ p#)cos(@)—
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e [ 1s array ofB. Resulting i N

.AP

b ore th n following angleg.
1 2
6 = > tan~! [&]
M2,0 = o,

4)

D Fliminate the rachis of the compound leaf

The dilation morphological operation is used many times on binary image to
age to eliminate the rachj
1s of the

" The number of dilation pro :
compound leaf. process dependmg on con.
stant number in this
paper.

An example of image pre-processing is illustrated in Figure ]

RGB to Grayscale Eliminating i :
grayscale to binary the noise zzt;xtzxfg
c
- e eI B gl o
/

'

A
. _ ® & Eiiminsting
Figure 1 A pre-processing example " ®  therachis

. Features Extraction
Inthis paper, several morphological and geometrical features are extracted fro

whole, and from each leaflet in the compound leaf using image processing: These features arc very

m the compound leaf as a

mportant for the compound leaf and these provide significant information about its visual representation.
Inthis paper, we have defined two types of features:
A Globg] Features Ao
two com :
Global features which are extracted from the compound Jeaf as a whole and they Bave tWO P
benumber of leaflets and the general structure of the plant.
L. The number of small and large leaflets:
onent technique will be used, because

To fing the number of leaflets in an iMage, the connected comP

nent.
after aplying the techni que each leaflet will be connected compo
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hreshold that helps to determine the areq of small

ag°°d

9 The general structure of the plant leaf:

and large leaflets,

Figure 2 extracting the structure of the leaf by
establishing a graph of leaflets

B. Local Features
The local features are extracted from each leaflet. From Figure 2 we can establish a vector of features for

eachnode. Figure 3 illustrates the graph.

Xcenter Ycenter

—

Feature extracts

\ from leaflet

d leaf

Figure 3 Graph for features of compoun

The Vector contains some features are: of binary value 1 on

e qumber of pixels

ting
! Leaflet Area (A): leaflet area is calculated by coul

Smoothed leaf image.
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defined as Formula (2) [1] axes of ellips
€ contained th
¢ 1

Aspectratio = i i
P
4 Form factor: the form factor i
. o 15 used to describe h v
circle, it is defined as Formula (3) [1] S of e
¢ leaflet is diff;
Form factor = 4LA £
p2
(3

5, Rectangularity: rectangularity i
is :
rectangle, it is defined as Fortjnulau(sj)d[;(]’ describes how the shape of the leaf]
eatlet is different fr
om a

Lp Wp

Rectangularity =
(4)

6. Angle between leaflet a is: 1
i iflet and Y- axis: is calculated using the same method to find
. 0 find the rotation an
gle of

V. Hi :
Hierarchal Clustering of Plant Compound Leaf

Clustering plant is an 1
al‘l .
B s of if;mportant process in the plant taxonomy; it is used to reduce the large number of
S 1 V)
pecific plant compound leaf to help in classification, and it can be used to find the

similarity in the gro
groups of plants that have compound leaves [5]. In this paper a hierarchal clustering is

used to achiev
¢ the clusterin :
ustering process because it may correspond to meaningful taxonomies, and do not

have to ass an ed
ume any particular num usters, an um
ny particular number of clusters, any desired number of clusters ¢ be obtained by

Cuttin,
g the dendogram at the proper level [6].

clustering is used to cluster the plant leaves.

In this
paper an agglomerative approach of hierarchal

The Hjerar S
chical Clustering is done using the following steps [6]

pairs of features is computed, as Formula 5 [7].

Z(ai - b)? ®)

L

4 Fi :
irst the Euclidean distances between each

Euclidean distance dap)=

B Gt i
ICating a tree from the calculated distances using average linkage-
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¢ The output is drawn using the dendrogram, ther

" Before doing cluster process, the matrix of plant'

S fealures sh
et of rows equals the number of leaves in the s ould be Prepared This matrix coptg;
ams

ample, ¢q .
foaf (global and local features). ch row containg ghe main features of {j,
o c

o his PADCT this phase is considered a difficult phage because each
_ > ac]
ach leaflet has number of features, in addition to this each leaf cop

. s onality of matrix will be variety and this 1S a main problem

All hese reasons make the process of clustering in plant compound leaf more difficult
ult than simple leaf,

To overcome these problems, the distance matrix is prepared as follows:

2. Then the minimum distance between each leaflet in the leaf and other leaves is taken and stored.
3. The minimum of distances between each leaflet in the leaf and other leaves are prepared for each
leaflet.
4. Finally, the minimum distances between each leaf and others are stored.
These steps enabled us to find the matrix of leave’s features; this squared matrix contains the following

data as in Table 1. Rows and columns of matrix correspond to objects (leaves).

Table 1 the squared matrix of the features of the plant leaves

R T R T P e T o n

S e e e
KRR Min distance Min distance ~ -oooeeeeeeee I];A;g;veen 16(:&1
’ Between leaf 1 Between leaf 1 it
~and 1 (always 0)  and2
~ Min distance Min distance oo Between leaf 2
Between leaf 2 Between leaf 2 and n
1 MG e U8 s TR
Min distance
) el e SO S leatn
n | NG Min distance Berates
| Il\?:/lelgwcgzrtxafecaef ,  Betweenlcaf 1 and n (always 0)
- and 1 and 2
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ixD
| . Ap

£ periments and Results
X

m this sample.
te way fro
qoourd

orarchal clustering Experiments and Resyjs
B erra

lied Hierarchical clustering experiments op sample containg 29
pli
flehave 2P

1th r, by using statistical toolbox in MA TLAB. The output shows the ‘dendrogram, ot
i this paper, .

4 p(Red and Blue). Figure 4 shows thig result.
sters

tomato leaf from different

ain clu

ring on
: - rarchical Cluste

ult of applying Hlerarcclusters revealed by
Figure 4 Tht‘flrcs os from the two main
Three sample leav

dendrogram
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in the blue cluster bel
il he leaves ongs to Potato Leafl
et(PL) type can see

thick leaflets [9], but th
0 rC have a > at the leaveg n
e thered ¢ ©s and

that contg;
1ns Smooth ed
. t . lu g
ype hat contains a tootheed and symmetrical edges [9]. T Rogular Leaflet(RL)

Vi Conclusion

This paper introduces a methodology to extract morphological and "
compound leaf. 10 features are extracted from input a compound leizo-memcal f‘.‘eatures from a plant
depending on the user. Hierarchal Clustering of plant compound leaf i;m age., this methodology is not
J lirge number of plant’s types of specific plant compound leafto hel a?phc;d 0%1 the .sample to reduce
1ed to find the similarity in the groups of plants that have compound l:;:: ;s:i:izl:;lt’a?nd it1can i

: results of the

dustering process shows that our methodology can be used to classification in the featur
cature.

In the future these extracted features can be used in the classification of plants that have compound

leaves that represent an important component in human life, by using Computer Machine for exampl
ample.
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