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Abstract: 

Over the past decades, we were used to searching the images on the Internet by the 

metadata such as keywords, tags, or descriptions associated with the image. With 

people entering the information age, computer science is developing at an amazing 

speed. The mechanism of the software is more and more intelligent for people to use, 

and the type of data is becoming more and more complicated. As a result, the 

traditional method cannot meet the needs. The content-based image retrieval is 

inevitable to emerge. 

“Content-based” in content-based image retrieval (content-based image retrieval) 

means that the search will analyze the actual contents of the image. The 

term ”content” might refer to colors, shapes, textures, or any other features that can be 

derived from the image itself[1]. 

Leaves identification is an application we tried to make to realize the content-based 

image retrieval. In this paper, we will describe the development process including the 

frame, algorithm, implementation and other details. We also review the current state 

of the art in content-based image retrieval in some aspects, and outlook the future of 

it. 

Keywords: 

Content-based, content-based image retrieval, color, shape, textures, identification, 
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1. Introduction  

This section describes some basic information of the task of developing Leaves 

Identification. It also explains our motivation, problems, objective and restriction to 

build such application successfully. 

1.1.  Motivation 

What is the main task of computer science? One of the main tasks is to manage the 

digital information and make them convenient for people to use. Content-based image 

retrieval (CBIR) is a new technique for searching which is making the search more 

and more practical. Some search engines have been developed with this kind of 

technique, such as LTU-Corbis Visual Search[2], Gazopa Image Search[3]. We also 

can find some relevant applications of different platforms. For example, MyCeleb is 

an app to find your celebrity look-alike with face recognition technology for iPhone. 

In other words, this application computes the similarity with the face that users upload 

and the data in its local database based on CBIR technique. 

We plan to focus on small specialized collection rather than general web searching 

to study the CBIR much further. After having consulted some materials and 

discussion, we choose Leaves Identification to start our exploration. 

1.2. Goals 

We will find the answers to all the questions mentioned in the following problem 

description part. Moreover, we aim to make out a complete program. Let us 

decompose the process to make it clearer (As shown in figure 1.1). First, the users 

upload the photo to the program. Then we should catch the part of leaf in range of the 

whole photo and compare the color, shape, texture or other features of the leaf with 

the data which were collected and sorted in the database one by one. Finally, we 

figure the results out and list them by similarity. 

 

Figure 1.1 the process of leaves identification 
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1.3. Problem description 

To identify the leaves is a little complicated problem. Let us generalize the main 

problems: 

a) How to distinguish the leaf part from the whole picture and catch the shape of leaf 

User often uploads the photo with background. In order to make the comparison as 

accurately as possible, we just want to analyze the leaf separately. But how to catch 

the complete shape from the heterogeneous pictures is really a big problem for us. We 

will explain the solution in 4.2 at great length.   

b) How to compute the similarity 

We should make an algorithm to represent the similarity in the global entity. And it 

will provide the suitable calibration to identify the category of the leaves for users. 

c) How to bridge the semantic gap 

In fact, a number of image search systems have been created in the last decades. Since 

perceiving and understanding the images is independent of individuals. the CBIR is 

not mature enough to be used by general public. Existing descriptors are not sufficient. 

There are two main directions in solving the semantic gap problems are learning the 

semantics of the image via machine learning and categorization, and enabling users to 

configure the search settings through feedback. We will put some emphasis on the 

latter one. 

1.4. Restriction 

On account of the limitation of time, we cannot collect data of all the kinds of the 

leaves. So our database is small but typical. We just make a try aiming to have a 

further understand and exploration of CBIR. 

1.5. Structure of the report 

The remainder of the paper is organized as follows. In chapter two, we have a brief 

talk about the technical background including history, development, and some 

applications. After studying the background, we embark on task of leaves 

identification program in the subsequent chapter. The interface of program, the 

building of database and transmission between client and server are involved in 

chapter three. In chapter four, we begin with the technical details on choice of the 

algorithm, and then explain the reasons and how effect is achieved. We also discuss 

some methods we take to make the performance better, such as interaction between 

program and users. In chapter five, we continue the thesis with a simple test and point 

out the merits and demerits of our program through data statistics. In the end, we 

prospect the work which we could improve in the future and make a conclusion. 
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2. Technical background 

In this chapter, we will introduce the technical background including history, 

development, and some developed applications. 

2.1. History 

You maybe are not familiar with CBIR. First, we give a brief introduction to the 

history. 

2.1.1. Limitations of text-based search 

In the past a few decades, the kind and complexity of multimedia data including 

digital images, video, and text data is developing rapidly. Many approaches to retrieve 

emerged with the tide of demands. As is known to everyone, keywords annotation is 

the earliest paradigm used in the image retrieval. But textual information needs a lot 

of manual work beforehand. Understanding of image is subjective. As the saying goes, 

there are a thousand Hamlets in a thousand people’s eyes. When the amount of 

image-repositories of database increases, manual work will be impractical. 

Furthermore, some images are generated automatically. The retrieval based on text 

will never find these images which become a dead angle finally. 

2.1.2. Emergence of CBIR 

Then, a new approach called CBIR was proposed in early 1990s. It seems to have 

originated in 1992. In February 1992, the US National Science Foundation organized 

a workshop in Redwood, California, to “identify major research areas that should be 

addressed by researchers for visual information management systems that would be 

useful in scientific, industrial, medical, environmental, educational, entertainment, 

and other applications”. In hindsight, the work shop did an excellent job of identifying 

unsolved problems that researchers should have undertaken[4]. The term 

“content-based image retrieval” was first used by T. Kato to describe experiments into 

automatic retrieval of image from a database, based on the colors and shapes.  

In the early years of CBIR, the research focused on two mainly aspects: one is to 

explore different methods of feature representations, hoping to find the best 

representation for each feature; the other is to find a good similarity measure to better 

reflect the relationship between image and the specific feature[5]. But due to 

mechanization of the formula, the performance of retrieval was far from satisfaction. 

Motivated by the gap between mechanization of the formula and comprehension of 

human, scientists began to be conscious that they should make some new ideas to 

solve this problem. Recent research has put emphasis on the interactive mechanism in 

the system. 
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2.2. Development 

We will introduce a few typical milestones to outline the development of CBIR. 

2.2.1. Extract of color 

The feature of color is widely used in the CBIR. Because the color is the obvious tag 

for object involved in the image. And compared with other features, the extract of the 

color is much easier. There are methods including color correlogram which we 

introduce further in the appendix 3. 

2.2.2. Extract of texture 

There are coarseness, contrast, directionality, linelikeness, regularity and roughness in 

the visual perception of texture by humans based on the study of psychology. The first 

three attributes are vital for accurate image retrieval. Wavelet transform is one of 

major methods. You also can find other methods in the appendix 3. 

2.2.3. Extract of shape 

Region partition is the basis of representation of the feature of shape. People usually 

are not sensitive to the transfer, rotation and zoom of the shapes. They will not 

influence the similarity of shape, so the calculation is much more difficult. 

In recent years, methods including finite element method, turning function, wavelet 

descriptor have been developed. Extract of shape is the major problem of our 

implementation of leave identification. In our project, we use Fourier shape 

descriptors to catch the shape of leaf primarily. We will go into details about it in 

chapter four. 

2.3. Applications 

Nowadays, content based image retrieval has played an important role in many fields. 

We can learn the current status of this technique in this part. 

CBIR principles have been proved available for a variety of medical applications. 

In 1998, Korn described a system for fast and effective retrieval of tumor shapes in 

mammogram x-ray[6]. ASSERT (automatic search and selection engine with retrieval 

tools) operated on high resolution computed tomography of the lung[7]. In 2003, an 

application which can distinguish the spine from a large collection of 17000 spine 

radiographs by means of shape analysis appeared.[8] 

The technique of CBIR is also valuable in preventing the crimes. For example, face 

recognition systems are now widely used. Some high technologies like 

automated-fingerprint-identification-system[9] greatly facilitate the detection of a 

criminal.  

Besides the professional fields mentioned above, CBIR has been used increasingly 

in our daily life. A number of commercial CBIR search engines have been developed. 

Here is a picture from Wikipedia in figure 2.1.[10] TinEye[11] is the first image 
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search engine on the web to use image identification technology rather than keywords, 

metadata or watermarks. When we submit an image to be searched, TinEye creates a 

unique and compact digital signature or 'fingerprint' for it, then compares this 

fingerprint to every other image in our index to retrieve matches. TinEye does not 

typically find similar images; it finds exact matches including those that have been 

cropped, edited or resized. 

 

Figure 2.1 a list of publicly available CBIR engines 

 

Figure 2.2 search result by TinEye 
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We are able to find some interesting software on the internet. Myceleb[12] which 

has mentioned in the first chapter must be a familiar one for Iphone 

users.  

Figure 2.3 Myceleb 

In the last few years, CBIR has been applied in biomedicine, social security, even 

in entertainment. We believe CBIR will be closer to us in every aspect of our lives in 

the future. 
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3. Preparation for the project 

Except for the kernel of the project, we do some preparation for Leaves identification 

by CBIR to make the performance more accurate and the use more convenient. 

3.1. Data collection 

A database of complete data can help the identification program run much more 

accurately. If database does not contain necessary information, it will be useless to do 

with the accurate retrieval. Therefore, we not only should collect enough information 

to make sure the program can identify different species of leaves, but also have to do 

some manual working to assure the pictures which are in the database have a distinct 

outline in order to describe the feature of shape strictly. We give a typical example in 

figure 3.1. We test whether the image is qualified with a little function in our 

project.

 

Figure 3.1 Comparison before and after processing 

The line which consists of the red points is the outline caught by our project. (In 

the chapter four, we will explain how to realize it in detail.)From the left picture we 

can see the computer is not able to catch the shape of the leaf in it, for the reason that 

the difference between background and leaf is too small. What the computer catch is 

not the leaf but the one part of background. In order to change this situation we need 

to do some additional work in the original picture through image processing software. 

After eliminating the background, we get the qualified result in the right. Then we can 

put it in our database. 

We have collected almost 40 types of leaves including maple, beech, clover, 

ginkgo, black locust, black cherry, mint, red oak, ulmus thomasii, American holly, 

chinar, weeping willow and so on. 

3.2. The design of webpage 

We have four pages in our website, home page, result page, error page and reference 

data page. Home page is for user to upload the picture and make special settings for 
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searching each time. If the user do not upload the picture or the type of file is wrong, 

we will give a warning implemented by JavaScript. 

 

Figure 3.2 Home page of our project 

In case some errors happen during the searching, it will jump to a page which 

prompts error. 

If everything is going on smoothly, it will turn to the result page. Besides the 

picture the user upload before, we also list the five most similar leaves compared with 

the picture you upload in the database and the degree of difference computed by our 

algorithm which will be explained in the chapter four, too. 

We add a simple reference data page in our website for people who just want to 

have an acquaintance with more leaves.  
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Figure 3.3 result page 

3.3. Transmission between Client and Server 

The server is the application which is passively waiting for a contact. And the client is 

the one which actively initiates the contact. From the concept, we can distinguish 

what the function belongs to easily. The client is used to upload the picture and send it 

to the server. What the serve should do is to analysis the features of picture and return 

the identification to the Client. In the end, the client will show the results in the 

screen. 

We choose the UDP as the underlying protocol. We realize the transmission 

between by using the Datagram Packet and Datagram Socket classes. As we all know, 

UDP provides no reliability. It sends the packets but there is no guarantee to reach 

their destination. For the purpose of reliability, acknowledgments and retransmission 

are used. Three types of opcodes and packets imitating the Trivial File Transfer 

Protocol (TFTP) are adopted in our transmission. When client receive the packets of 

acknowledgment from server after sending the packet of writing request (WRQ), the 

transfer is established. The server responds to the arrival of the data packet with an 

acknowledgment (ACK). If time expires and ACK has not arrived, DATA will be 

retransmitted to the Server. Three types of packet are illustrated in the figure 3.4. 
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Figure 3.4 three types of packets 

It is not acceptable that a single client blocks a server. The serves must be able to 

handle several clients at the same time. We use threads based on the class 

java.lang.Thread to implement the concurrency. The parent thread opens a socket at 

the assigned port. When a new request comes, it will create a child thread to handle 

any incoming connections. In each transmission, the client is assigned a random port 

number so that every communication is moving independently. The fragments of 

codes follows show how we can use threads to implement a concurrent server. 

while (true) /* Loop to handle various requests */  

 {           

 DatagramPacket receivePacket= new DatagramPacket (buf, buf.length); 

 socket.receive(receivePacket); 

      new Thread()  

   { public void run()  { }     

   }.start(); 

} 
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4. Implementation 

In this chapter, we will explain that how to implement the program and the related 

technologies. Reasons that why some technology is chosen in our program will be 

given in some key points. Finally a conclusion that shows how or when some 

technology is used in this chapter will be given by two figures. 

4.1. Color 

Color is a quite important part of CBIR. Because it is easy to get the data that is 

independent from the angle of view, rotation and size. However, it has a low 

identification of the leaves. Because most of leaves are somehow green. But we will 

still use it to help distinguish the leaf and background in images. 

4.1.1. Color space RGB and HSV 

There are several spaces that are usually used to represent the color. Here we will 

mainly talk about RGB and HSV space. RGB means red, green and blue, while HSV   

means hue, saturation, and value. 

Since images are mostly stored in computer with RGB color, but RGB space is not 

well understood by human, so we will transfer the RGB space to HSV space, which 

will be well understood by human. 

4.1.2. Transfer from RGB to HSV 

A color histogram is a representation of the distribution of colors in an image. For 

digital images, a color histogram represents the number of pixels that have colors in 

each of a fixed list of color ranges that span the image’s color space, the set of all 

possible colors.[13] It describes the proportion of different color in the range of whole 

image, it does not care about what the color belongs to. So the color histogram is 

suitable for the image which can hardly be divided. 

Color histogram can be built in arbitrary color space. RGB and HSV are the most 

common ones. RGB is an initialism for Red, Green, and Blue. And each word in HSV 

stands for Hue, Saturation and Value. The conversion formula from RGB to HSV is 

shown in figure 4.1. 
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Figure 4.1 conversion formulas from RGB to HSV 

4.1.3. Image file format 

Different image file formats will use different size of data block to store R, G and B in 

different order. Bitmap, for example, if a 24bit one, it will use 3*8 bit to store color in 

B, G and R order. And the bytes of each line must be integral multiple of 4. What is 

more, it will scan from top to bottom or the opposite. So, in our cases, we must map 

the color data to a unique space. 

4.2. Cut out the leaf (Edge detection) 

We mainly use an operator to compute the rough pixels which may be the edge of a 

leaf. After that we track the most outside ones to make a closed shape. Then a 

polygon is used to approximate the edge points. Finally, the number of edge points is 

added up to the same number. (128, for example) 

4.2.1. Grayscale and Gray gradient 

Grayscale can be seen as another color space. It uses only one value to measure black 

or white level. There are different ways to transfer RGB space into gray space. The 

mostly used one is:  

 

Adobe Photoshop uses:  
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They will have quite different result, but also the latter one will cost more time. (it 

is quite fast in Photoshop) In our program, we use the first one. Here is an example 

shown in figure 4.2: 

  =>   

Figure 4.2 RGB to gray space 

We can define an edge as positions where have sharp changes of grayscale. The 

level of the change is considered as gray gradient. With the differential idea, we can 

use derivative to compute the gray gradient. 

 

 

In the case of image, we let “h” to be“1”. Then we have:  

 

 

where f(x, y) is the grayscale of pixel (x, y) on the image. 

In the definition above, the gray gradient should be: 

 

But usually, based on this, many variants are used in practice. And a matrix 

template is used to compute the derivative. We can call this small matrix template an 

“operator”. For example, if a area near (x, y) is 

x-1,y-1 x,y-1 x+1,y-1 
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x-1,y x, y x+1,y 

x-1,y+1 x,y+1 x+1,y+1 

And the operator is 

   

   

   

The result will be 

 

So an example of  and  is like the table as following. 

 

 

0 0 0 0 0 0 

0 -1 1 0 -1 0 

0 0 0 0 1 0 

Table 4.1 differential operator 

Since there are different basic expressions of the gray gradient, many different 

operators are created. An operator we used called “Kirsch operator” is shown in figure 

4.3 
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Figure 4.3 Kirsch operator 

Each Mi is used to compute the gray gradient in (x, y). The maximum result will 

be the gradient and “i” represents the direction of current gray gradient. A threshold 

then will be given to get all possible rough edge points. 

4.2.2. Track the edge 

The most left and down edge pixel will be found to be the start. Then a small step is 

given. What we use is 1. And let the left-up to be the first direction to go to. If there is 

not an edge point there, find next in clockwise order until find one. Then the direction 

is changed by 90 degree in counterclockwise order. Repeat the steps above until to the 

start edge point. The steps[14] are shown in figure 4.4. 

A longer step way can be done by considering the step as a radius to create a circle. 

Traverse the pixels which approximate the circle in clockwise order to find next edge 

points. 

 

Figure 4.4 track the edge 
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4.2.3. Polygonization 

If all the steps above are done successfully, a clockwise ordered edge points set is got. 

The first point in the set is the most left-down, and the last one is quite near the first. 

The steps of polygonizaion are explained as below, which are shown in figure 4.5. 

(1) Let the first and last edge points to be a line. 

(2) Find the most faraway edge points from the line between the endpoints of the line. 

(3) The most faraway points and the two endpoints of the line will create two new 

lines. Recursively do (2) to the two new lines. 

(4) Stop recursive when the distance between far-point and line is smaller than a 

given threshold. 

The “most faraway” method will try to keep the sharp corner of the leaf. And these 

corners will be one of the most useful detailed elements to identify to shape. 

 

Figure 4.5 polygonization 

4.2.4. Add up to the same number 

Since Fourier transform will be used in latter shape analysis, the number of edge 

points must be the same to let the comparison reasonable. All edge points are put 

averagely around the shape. Suppose that the most approximated polygon has been 

computed. If the length of each edge is “ ”, the total length is . Then each point 

will be put in every  length. And it is better that the number is limited to , so a 

fast Fourier transform can be used. Here, many wasted points seem to be wasted since 

that they have not much contribution to describe the shape. But actually, some 

experiments by us have shown that a non-average location of the edge points generate 

the bad results by the Fourier transform of function we chose. One of the reasons is 

that Fourier transform needs the “waste points” to be the cardinal values. Since 

discrete Fourier transform is a transform in total signal, all the sample points will 

contribute to the result. The other reason is that one of the functions (centroid distance) 

we have chosen can not describe the shape without the condition that edge points are 

averagely located. 
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4.2.5. Some ways help to cut the leaf 

If some inputs or commands are given by the users, it will help when distinguishing 

the leaf from the background. 

 Grayscale threshold 

The image input is considered containing a leaf which has a good discrimination from 

the background. So the leaf must totally have a quite different average grayscale from 

the background. That is, there would be a “gap” between the leaf and background in 

gray scale space. A confirmation of that the background is black or white will help to 

distinguish the leaf. It is better that the users can give an exact level of the darkness of 

the background. In our program, users can declare that the background is light or dark. 

And the declaration is considered correct, or a bad result would be given. 

 HSV space 

Totally speaking, the background would have a quite different value in Hue and 

Saturation color. So, some analysis of the HSV space will help cut off the 

background. 

 Petiole of a Leaf 

When identifying a leaf, the petiole will be ignored by human. But for the computer, it 

is not. So, two similar leaves which have the quite different petiole in length will be 

judged different. However, the petiole can be removed in advance. 

After polygonization, the edge points are clockwise ordered. The root of the petiole 

must be two edges points which are quite close but not adjacency in the clockwise 

order. In other words, they are points contain a closer point than its previous or next 

one.  

Find all the quite close edge points. 

(1) Remove one of the points that are adjacency in clockwise order. 

(2) Repeat (2) until there is no that kind of points are left. 

(3) Remove the ones has a bad cross multiply result of two vectors. 

(4) The most right petiole situation shown in figure 4.6 is supposed impossible 

happening. Since the polygonization will avoid it. 

 

Figure 4.6 cut the petiole of a leaf 
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4.2.6. Other edge detection method 

There are many other methods to get the edge, methods based on wavelet transform 

and watershed, for instance. They are used in different situation, but there is not a 

good one specially used for CBIR. Almost all of them will get the rough edge points 

but not an exactly one pixel wide, closed edge. Some methods are generally 

considered better than the method we used, for their ability avoiding the noise. But in 

our case they will get the almost same result, since our situation is not considered so 

complex. If it is, a bad input is considered. 

4.3. Shape features extract 

Shape feature is quite important in CBIR. But it is based on that the edge information 

is known, in other words, most probably, it will relate to image cutting. Since the 

difficulty of edge detection, what we have talked above, CBIR based on shape are 

now only used in special area. In addition, human consider the rotation, zoom, and 

transformation of a shape to be the same, so shape features extract must be 

independent from them, which again makes things more complicated. 

Totally speaking, there are two kinds of shape features extract. One is based on the 

edge, while the other is based on the whole area with the edge. The former one is 

typically based on Fourier transform. The latter one is based on invariant moments. In 

fact, all methods try to remove the transformation, rotation and zoom of shapes, and 

to map the image signal from an irregular space into a more regular space, which can 

be analyzed by computer. 

4.3.1. Shape describe functions 

If a shape edge is consist of n points and they are . Several functions are used 

to describe shapes. They are curvature function, centroid distance function and 

complex coordinate function. 

 

Where  is the angle of the tangent-line. 

 

Centroid distance function is the distance from each edge point to shape center. 
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Complex coordinate function can have different variants. And it is more complicated 

than the two functions above. One of it can be: 

 

Another complex coordinate function which we used in our program is: 

 

There are some different features with the two functions. Totally speaking, the 

former one is more complicated. It remains the information of each single point as 

well as the total relationship with the shape. But it also needs one more dimension to 

store the shape information. While the latter one, which is used in our program will 

consider more about the total information. Some singular points will have an impact 

to the total information, if it changes the center of the shape greatly. That is why the 

petiole will be a dangerous element. 

4.3.2. Fourier transform 

Generally speaking, Fourier transform is a transform which will transfer data from 

one space into another. What is the original space depends on the signal you choose. 

And the new space can be considered as a frequency space or just an ordered 

representation of the original signal. In other words, it is just a re-expression of data 

used when original data can not be understood or difficult to analyze. Fourier 

transform, normally speaking, refers to the continuous Fourier transform. That is, the 

data may be a function in real number domain. But what we talked about in this 

article is discrete Fourier transform, which can be considered as some sampling of the 

continuous one. Actually, the continuous one comes from the Fourier series, which is 

an infinite summation in discrete type, because that is just the definition of 

integration.  
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Signal-transform result 

To better understand how discrete Fourier transform works in our program, we can 

firstly see an example: 

Here is an original signal (data), whatever the meaning of x is: 

 

Figure 4.7[15] an original signal 

This signal has 16 samples. So it can be decomposed into 18 signals below. And it 

is easy to understand that why 18 is the maximum number by noticing the highest 

frequency signal. 

 

Figure 4.8[16] decomposed signals 

And now, we can tell some features of the original signal. For example, if the 

whole domain is considered as one period, it has weak signal in frequency 2 or some 

frequency has what kind of phase. Actually, you can consider each decomposed signal 

as sine or cosine. 

Fourier-transform result 

It is easy to confuse the decomposed signals we got and the Fourier transform result 

we got. The latter one is a result that contains enough information representing all the 

decomposed signals. And it is quite easy to know what the information may be. Since 

the frequency is already ordered, we just need the strength and phase in each 

frequency. That probably is a sequence of  pairs. Actually, in 
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practice, it is really a sequence of pair but organized in complex number type. With 

the Euler equality:  

 

Then we will have: 

 

We will have that the norm of the complex number is the strength and the phase is: 

 

Independent from transform, zoom and rotation 

It is easy to understand that the shape features we extracted are independent from 

transform, since the shape-describe functions that we have chosen are independent 

from the transform, that is, the functions do not contain information about the 

positions. 

The independence of zoom can be implemented by standardizing the discrete 

Fourier transform result. Usually it is done by dividing the CD value of the discrete 

Fourier transform result. If Fourier transform is given like  

 

It is in complex number type. That  is rotated by angle θ can be computed by 

mutipling a element . Then a sequece of the shape descrebe functions will be like 

 

Since that  is 1, so the result is the same. Actually, this can be understood 

easily by noticing that we just contain the strength of the discrete Fourier transform 

but drop off the phase part, which represents the rotation. 

4.3.3. Fourier transform descriptor 

If F represents the Fourier transform descriptor. |fi| represents the strength of the ith 

components of the Fourier transform. There are n components and i starts with 0. 

The curvature function can be described as 
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The centroid distance function can be described as 

 

The complex coordinate function can be described as 

(1)  

(2)  

From the principle of Fourier transform, we know that the low frequency, the 

component containing only 1 period for example, has weak ability to describe much 

details of the original signal. So, totally speaking, the low frequency components are 

believed to represent the total shape while the high frequency represents details more. 

But no matter low or high frequency is based on all the samples of original signal. We 

can not give a too absolute judgment to it. 

4.3.4. Moment invariants 

Suppose that S is a shape filled with pixels, but not just a set of edge points like above. 

The p + q ordered central moment is 

 
To make it independent from zoom, the central moment can be normalized. 

 
Then 7 basic moments[17] are given in Visual pattern recognition by moment 

invariants as below. They are either independent from transformation, rotation or 

zoom. And many variants are then raised based on the 7 moments.  
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4.3.5. Moments relative 

Since the 7 invariant moments given above are not uniform. They can not be used in 

the same time. So based on the 7 moments, 10 relative moments in figure 4.9 are 

raised in Relative Moments and the application of geometric shape recognition[18].  

 

 

 

 

Figure 4.9 relative moments 

The 10 moments are independent from transformation, rotation and zoom. 

4.4. Similarity computation 

After extracting the features of an image, some data representing the image will be 

got. Here we will talk about how to compare the data of two images. That is, how to 

measure the similarity. 
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4.4.1. Vector comparison 

Since the most complicated shape features extracted above are stored in a vector. So 

the similarity of two images is directly relevant with the vector comparison method. 

 Vector distance 

Generally speaking, the distance between two vectors must contain the following 

features[19]. If let  is the distance of two vector x and y, 

(1) d(x, y) >= 0, when and only when x = y, the equality is 

(2) d(x, y)=d(y, x) 

(3) d(x, y) <= d(x, z) + d(z, y) 

in which:   

But the principle we use is a little different, since a standard vector will be given in 

our program. The standard vector is got from the users. In other words, the standard 

vector is one of the representations of the features which users input. It will be 

compared with all the vectors which got from images in database. So our comparison 

is one-direction, and the (2) is not necessary. 

 Some vector distance and their features 

Some commonly used distances[19] are 

(1) Minkowsky distance 

 
 

(2) Euclidean distance 

 
(3) Manhattan distance 

 
(4) Jffreys & Matusita distance 

 
(5) Camberra distance 
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Minkowsky distance is the common type. Euclidean distance and Manhattan distance 

contain less computation. They consider all the components the same. Euclidean will 

somehow enlarge the distance between big values. Jffreys distance big the distance 

between small values. Camberra distance considers the error percentage in itself.  

In which we have tested Manhattan distance, Euclidean distance, since the data we 

got does not contain some special features. That is each component is in the same 

level, if it is not an error one. However, the two distances have almost the same result. 

Considering the expense of computation, we just chose Manhattan distance. Actually, 

what we use is a variant. Later, we will talk about what change have been done. 

 Relative distance 

We use relative error to compare two corresponding components in two vectors. 

Consider the situation that if there are two pairs of components like: 

 

If the  is two components in the standard vector, the former one has a bigger 

difference in absolute value but actually it is not a big one. 

So the distance between two components is computed like this: 

 
Now, the differences of pairs mentioned above are 1/49 and 10, which shows that the 

former one has a smaller difference. 

4.4.2. Weight 

Generally speaking, we consider all the components the same. But if the users have 

some special commands, we can consider the components not the same. This is done 

by giving a weight to each component and getting a weighted average finally. 

If the users want get a total comparison of two leaves, in Fourier transform, that is, 

the low frequency is more needed. So, if K is N/2, we give weight like: 

 

Notice that in computer, the highest frequency is in the middle of the Fourier 

transform. 
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Besides the weight in every components, weights in each image features are also 

considered in our project, such as: 

 

4.5. Conclusion of implementation 

Totally speaking, Chapter 4 is just organized in the order which we implement our 

program. So, this part will give a simple relation to all implement parts that are 

mentioned above. And Figure 4.10 and 4.11 will show that relation. 

Figure 4.10 gives an overall relation and Figure 4.11 gives a detailed explanation 

about operation “cut out a leaf from an image” in Figure 4.10. Every operation has a 

more detailed explanation which you can find above in Chapter 4. And the data in the 

figures is easily understood too. 
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Figure 4.10 the overall relation 

Now only bmp (bitmap) image format is supported. But supporting more image 

file formats are easily updated in future. Many external libraries can be used, OpenCV 

(open computer vision) for example. What is more, it is considered not an important 

part in our program. 
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Figure 4.11 Cut out a leaf from an image 

Polygon edge points are the points which make up the polygon. Different leaves 

will not guaranty the same such point number, so the last operation “add edge points 

to the same number” is necessary. 
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5. Testing and evaluation 

In this part, we will do some test and give an evaluation about our project. 

5.1. Testing 

First, we test the performance of shape catching. 

Color of background: pure 

Origin 

 

  

 
After catching 

 

  

 
Color of background: impure 

Origin 

 
 

  

After catching 

 
 

  

From the table, we can find that when the color of background is pure, the 

performance of catching is perfect, otherwise, the result is not very satisfactory, which 

means not all the photos can have the right capture. 

Then, we randomly chose 45 pictures to do the test. “Points” is the option user 

chose in the homepage. In our project, we give the five most similar leaves compared 

with the picture upload. And the table follows shows which result gives the right 

identification. 
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Points first second third fourth fifth Not found 

128 8(17.8%) 7(15.6%) 7(15.6%) 6(13.3%) 0(0%) 17(37.8%) 

512 8(17.8%) 8(17.8%) 7(15.6%) 5(11.1%) 1(2.2%) 16(35.6%) 

1024 8(17.8%) 8(17.8%) 6(13.3%) 6(13.3%) 1(2.2%) 16(35.6%) 

Table 5.1 found result 

When not found: 

Points Identify failure Not such a leaf in the 

database 

128 4 13 

512 3 13 

1024 3 13 

Table 5.2 non-found result 

5.2. Evaluation 

We can have a brief summary from the testing. 

Quality of the picture is an important factor in the performance. When the picture 

has the distinct boundary between the leaf and background, our project can have a 

best performance. 

Because different types of leaves may have the similar shape, the right 

identification is not always in the most similar result.  

The option of number points to outline the shape has a little effect in the 

identification. 

If we have this type of leaf in our database, the result will have the 87.5 percent of 

possibility to find out the right identification in the five results. So if we enlarge the 

types in our database, the leaves identification will be more accurate and efficient. 
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6. Conclusion 

The RGB color is firstly changed into grayscale and HSV space. Some way is used to 

analyze the grayscale gradient as the basic data to describe the shape of the leaf. Here, 

the HSV space and the information which users input help to cancel some noise. Then 

the basic edge data is tracked to get a one-pixel wide, closed edge points set. After 

that the edge points are approximated to a polygon, and the petiole of the leaf is 

removed by some way. The edge points are then added up to a certain number to 

make the comparison reasonable between different leaves. Now, the edge points are 

computed by discrete Fourier transform and relative moments to extract the features 

of the shape. The features are stored in some data format, actually, in a vector. Finally, 

when the users search some leaf, the vector of the leaf will be extracted as the steps 

above. The vector will be a standard one to be compared with all the vectors in the 

database. And leaves which have the most similar vectors in the database will be 

returned to the users. 

On the basis of correct edge detection, we will get a good result. The result can be 

independent from transformation, rotation and zoom.  

From these four months in doing leaves identification project, we have a command 

of shape extract and analysis in the content of image. We really have learnt a lot in the                                            

6.1. Future work 

Design of the webpage should be more friendly for users, like to modify the option 

when the result is not so correct. 

A powerful database is the key to the effect of identification program. We should 

collect more leaves. 

More interactions with the users are hoped to be added to better the performance. 

This will not only help cut out the leaf from the image, but also help limit the area of 

searching. For example, where the leaf you uploaded is growing. 

More methods that help to remove the noise can be used when cutting out the leaf 

from the image. Like too small areas in an image should be removed since the leaf 

somehow is considered a big area in an image. 

The shape description functions can be replaced with better ones. For example, the 

first complex coordinate function is better than the second one. A great error points 

will harm less than the second one, because the second complex coordinate function 

as well as the centroid distance function is relevant with the center to the shape. And 

the center of the shape will be easily changed by a great error point. 

More options such as color and texture can be added when searching. Then the 

HSV space will not only help detect the edge but as a feature of the image. 
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Simplify features of images. Since now features of images are stored in vectors, 

which cost a lot of time when comparing and sorting. Some unnecessary components 

can be removed in advance. That is, not all components are useful to describe images. 

However, this work contains a high risk to give a wrong result. So must be careful 

when doing this. 

Some basic algorithms can be better. For example, the discrete Fourier transform 

are now implemented with “Fast Fourier transform” but twice memory are cost 

compared with the normal one. And sorting algorithm now is implemented with worst 

one, where a binary tree or some better ones can be used to replace. 

If we had more time, we would add deeper information about the leaves to make 

the websites more professional and useful. We could introduce where the leaf mainly 

grows, which climate the leaf adapts to, et cetera. Another defect is the 

personalization of the website. Mechanism of registered users’ login is a good 

solution. In this way, every amateur could own their space about the leaves where 

they make a note of leaves they prefer. But it needs a much more complicated 

database. These are the respects we can improve in the future. 
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Appendix 1: Class Diagram 

A simple flowchart of the program is shown as below 

 

The relationships between some main classes of the core part of the program are 

shown as below. 
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Appendix 2: User manual 

Step 1: user should upload the picture of leaves. The picture whose background has 

pure color has the best performance of identification. 

→a sample of picture 

 

→upload the picture 

Step 2: User should set the options to help the identification. “Number of points” 

means the total number of points to outline the shape. “Color the background” is 

color of the picture upload. User also have three choices in the “matching methods”. 

→number of points 
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→matching methods 

→color of background 

Step 3: Now, click OK; 

Step 4: Our program will show the result including five most similar leaves compared 

with the picture user upload. It also will give the difference degree of every result. 

Step 5: If user chooses the “Leaves information” in the left menu, the program will 

list some information and photos about leaves in our database. 
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→result page 
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Appendix 3: technical background 

 Extract of color 

a) Color correlogram 

One of the methods to express color feature is color correlogram. It reflects not only 

the proportion of a color, but also the spatial correlation. It is more efficient than color 

histogram when query the images which have consistent spatial relationship. The 

notation is shown as follows: 

Let ζ be an n n image. The colors in ζ are quantized into m colors ,…, . For a 

pixel , let ζ (p) denote its color. Let . For 

pixel , , we define . 

We denote the set {1, 2, n} by [n]. 

Then we have the definitions: 

The correlogram ofζis defined of  as 

 

 Extract of texture 

a) Wavelet transform 

In mathematics, a wavelet series is a representation of a square-integrable function 

by a certain orthonormal series generated by a wavelet[20]. In image retrieval, it is a 

usual method to analyze the texture and classify. The integral transform is defined as: 

 

The wavelet coefficients  are then given by , here 

is called the binary dilation or dyadic dilation, and  is 

the binary or dyadic position. 

At each level, signals of images are decomposed into four band wave named LL, 

LH, HL and HH. Pyramid-structured wavelet transform and tree-structured wave 

transform[21] play an important role in textual analysis 

b) Other methods 

Apart from wavelet transform, there exist many other methods such as 

simultaneous auto-regressive, co-occurrence matrix. They each have their own 
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strengths and weaknesses. Scientists have found that combining different methods of 

represent textures sometimes has a better performance. 
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