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1 

Introduction 
 

 

 

 

This thesis presents a system for recognizing individual elephants. This work has been done 

in collaboration with a group of researchers from the Department of Zoology of University La 

Sapienza, which deals with the study of the behavior of the specie. Being able to identify 

different specimens within a group is to study the characteristics (habits, movements, life 

expectancy etc.). To date, this recognition takes place by observing and comparing the photos 

taken in African parks in different periods. This stage is increasingly made more difficult by 

the fact that individuals differ among themselves for very few details. One of these is the 

presence of nicks on their ears. The shape and position of nicks appears to have been a 

distinctive feature almost like fingerprints for mankind. Figure 1 shows an example of two 

individuals distinguished by the different shape of the profile of the ear.  

The aim was to create a system that automates this process of recognition. The initial system 

was created by A. Ardovini. In this second version of the system a new algorithm has been 

implemented that allows for greater automation of the process. Consequently, some aspects of 

the GUI have changed, resulting in a more user-friendly interface. 
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Figure 1. Two individuals distinguished by the different shape of the profile of the ear 

The system presented here extracts the profile of the ear identifying the nicks and, through a 

technique of edge-matching, profiles most similar to it are selected from the database. 

The process of recognition of an individual is composed of four basic steps. The first step 

consists in the extraction of the profile of the individual through a semi-automatic edge-

detection operation, and the selection of nicks in the profile itself. The nicks selected become 

part of a vector query. In the next step all profiles in the database corresponding to the same 

side of the query are considered. These profiles must have at least one nick in a position 

similar to one of those of the profile input. The third step is to compare the query curves with 

the edge of the profiles previously selected. The last step allows the extraction of a final 

ranking of N individuals based on their similarity with the profile input. 

This thesis is organized as follows. In chapter 2 some existing methods in literature are 

introduced. In chapter 3 some existing systems are reviewed, and particularly the work whose 

approach is the closest to our system is presented in greater depth. In chapter 4 the 

architecture of the proposed system is described. Chapter 5 presents the database structure and 

methods of insertion. In chapter 6 the experimental results are presented and finally in chapter 

7 an example of the use of our system is showed. 

  



 7 

 

 

2 
State of the art 

 

 

 

 

 

In literature different approaches have been made to edge-matching and almost all make use 

of similarity transformations. Some of these methods include: 

 Techniques of shape signature [1], which aim to find the longest common sub-curve of 

two 2D curves presented. These curves are first converted into shape signature strings 

and string matching techniques are applied to find long matching substrings, followed 

by direct curve matching of the corresponding candidate sub-curves to find the longest 

matching sub-curve. It solves the problem of general curves without being dependent 

on some set of special points on the curves. 

 

 Another well known method uses hidden Markov models [2]. The HMM are 

mathematical models of stochastic processes. The features of an image are converted 

into code and represent the input of these models. These models, with a probabilistic 

approach, will try to recognize the image itself. 
 

 A sort of local measure that represents the physical boundaries of the objects, 

however, was used for the methodology of Curvature Scale Space (CSS) [3]. A light-

box setup is used to obtain silhouette images which are classified as either convex or 
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concave. CSS Representations are computed for concave curves. The CSS 

representation is a multi-scale organization of the natural, invariant features of a curve. 

A three-stage algorithm prunes the search space in stage one by applying the CSS 

aspect ratio test. The maxima of contours in CSS representations of the surviving 

models are used for fast CSS matching in stage two. Finally, stage three verifies the 

best match and resolves any ambiguities by determining the distance between the 

image and model curves. Transformation parameter optimization is then used to find 

the best fit of the input object to the correct model. 

These methods are not designed to address problems of matching between curves subject to 

affine transformations. Therefore, they do not satisfy in full the requirements of our problem 

because our images are captured from different viewpoints. However, most methods of edge-

matching suit our problem, using this kind of transformations. These include: the method of 

affine curvature scale space [4] which is an extension of [3] made by Mokhtarian, the one 

designed by Cohen [5] using B-Spline curves and a technique for recognition of characters, of 

Flusser [6], which can also be applied for matching curves. And finally, the method chosen 

for this system, Chamfer Matching [7], extensively studied by G. Borgefors. This last method 

will be explained in section 3. 
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3 
Previous Work 

 

 

 

 

 

In literature there are very few applications of edge-matching for recognition of animals. 

These works extract from the silhouette of the animal some special characteristics [8] [9] 

which are then processed for the recognition. 

In [10] a system for the recognition of marine mammals (dolphins, whales, sea lions) through 

the study of their fins is presented. The curves that describe the fins are extracted from the 

images and then sampled, choosing those ten points that better describe each of them. Phase 

matching consists of an affine transformation of these chosen points with respect to the points 

of the curve of the database considered. Distance between the two curves is then calculated by 

summing all ten Euclidean distances, each of which is calculated between the i-th point on the 

curve query and the i-th point on the curve of the database. The query curve will be 

recognized as the database curve providing minimum distance. A similar approach was used 

in [11], provided for the recognition of whales. 

The only system used for the recognition of elephants has been proposed by a group of 

researchers at the University of Amsterdam [12]. Their method is based on the study of the 

entire contour of the ear. In Figure 2 we see an example of this first step: 
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Figure 2. Edge detection of an elephant ear according to the system [12] 

These curves, after an affine transformation, are compared with the curves contained in the 

database for recognition. In figure 3 examples of images that populate their database are 

shown: 

 

Figure 3. Photographs of individuals who populate the database (ear edges in blue) 

Their method of matching is to sample all the curves with 500 points and then calculate their 

Euclidean distance: 
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where q represents a query curve and f a curve within their database. With the line defined 

and sampled it would just apply the formula above, i.e. compute the Euclidean distance 

between the i-th curve of the database and the element of the i-th query, for all the points.  

In figure 4 an example of recognition is represented: 

 

Figure 4. Plotting of curves processed and compared to each other 

In the previous version of our system [13], a similar approach was used. But instead of 

considering the entire curve representing the contour of the ear, the method implemented was 

based on comparing only those parts of the ear outline which corresponded to the individual 

nicks. After the semi-automatic extraction of edges, the user selected the start and end point of 

each nick, provided that both points were connected by a continuous line. 

For this condition to be fulfilled, the user was constrained to perform adjustments to the 

image outlines through the use of tools such as elementary stylus, the drawing of a line, and 

more.  The elimination of this process represents the major change as far as user-friendliness 

is concerned. One feature of the new system is to automate the process of extracting the nicks. 

Therefore, the process is faster, and prevents the subjective alteration of the image by the 

user. 

Returning to the explanation of the previous version of the system, after the user adjustment 

operation was carried out each query nick was sampled to 25 points and compared with the 

rest of the database to be recognized. 
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These methods however have some limitations. As can be seen from Figure 3, pictures of 

elephants that satisfy the assumptions of these systems should have the contours of the ear 

(respectively, nicks) clean and with no noise (weather, luminosity, branches of trees) so that 

the edge extraction operation returns a continuous curve for each ear (nick) outline. The 

continuity of the curve is essential for sampling. With respect to our images, this hypothesis is 

very restrictive since it is very unlikely to have photographs with visible outlines of ears 

(nicks) perfectly clean. As remarked above, in our previous version of the system, human 

intervention could made up for the gaps in the curve of each nick, but this is subject to 

considerable human effort and not desirable.  

Indeed, because photographs taken in the forests of Africa (i.e. made in non-controlled 

situations), noise may be due to weathering, or to the presence of branches or trees that may 

cover important details of the ears. Let's see some examples: 

 

Figure 5. Example of edge detection of the ear of an individual 

From Figure 5 one can see that the middle ear is indistinguishable from the skin of the back of 

the elephant. For this reason, the operation of extracting the edges can not tell the whole 

contour of the ear. 
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Figure 6. Example of extraction of the edges of the ear of an individual 

The image of the individual in Figure 6 is slightly blurred due to weathering. As can be seen, 

the curve representing the edge of the ear after the detection of contours is very inconsistent.  

 

Figure 7. Third example of extracting the edges of the ear of an individual 

Even the edge of the ear of the individual in Figure 7 is not represented by a continuous curve. 

This time the cause is the presence of branches that disturbs its complete vision. 
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Figure 8. Fourth example of extracting the edges of the ear of an individual 

The photo in Figure 8 depicts the individual in motion; what results is that even in this case 

the edge of the ear is represented by a curve very inconsistent. 

Discontinuous curves represent almost all cases. This is the reason why our system has 

adopted a new approach, the Chamfer matching algorithm, which was first introduced by 

Barrow at Al. [14]. Chamfer matching is a technique for finding the best fit of edge points 

from two different images, by minimizing a generalized distance between them. The original 

idea has several good properties but also had false matching. Measure of correspondence 

between patterns to be matched has been improved to have fewer false matches [7]. 

Two binary images based on feature and non-feature points, are to be matched. The feature 

can be any well defined object visible in both images. For our system these features 

correspond to the nicks present in the profiles. 

The two images are not treated symmetrically. One is called predistance (distance 

transformed) and other is called prepolygon. The predistance (distance transform) image is 

formed by assigning each non-edge pixel a value that is a measure of to the nearest edge 

pixel. For our system it was defined that a query nick corresponds to a prepolygon, and the 

database nicks to contrast with the query will represent predistances. 

The process of converting a binary image to an approximate distance image is called distance 

transformation (DT). The true Euclidean distance is resource demanding (memory) to 

compute, therefore an approximation is used. For the matching algorithm, it is important that 

the DT is a reasonably good approximation of the Euclidean distance. Chamfer distances are 

the distances between horizontal/vertical/diagonal neighbors in a 3x3 neighborhood. 
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In the prepolygon image, which corresponds to a query nick, the edge pixels are extracted and 

converted to a list of coordinate pairs, each pair being the row and column numbers of an 

edge pixel. From this list the edge points that are actually used are the transformed points 

modified according to the transformation parameters obtained from the nicks to be matched. 

These transformation parameters are explained in detail in Section 4.4. 

The polygon is superimposed on the distance image. An average of the pixel values that the 

polygon hits is the measure of correspondence between the edges, called the edge distance. A 

perfect fit between the two edges will result in edge distance zero, as each polygon point will 

then hit an edge pixel. The actual matching consists of minimizing the edge distance. There 

are many variants of matching measure averages, e.g. arithmetic, root mean square and 

median. 

Apart from this major change concerning the algorithm in which the system is based, most of 

the other processes present in the previous version of our system have been preserved in this 

new version. For example, the system is still strongly based on the individual nicks' position 

relative to the rest of the ear. For this, a coordinate system is created based on the position of 

the eye, and one point of the profile chosen after opening the image. In this way it is possible 

to use contextual type information on the ear in general, and handle rotation, scaling and 

transformation. But we will explain this in depth in the following sections. 

  



 16 

 

  



 17 

 

 

4 
System Proposed 

 

 

 

 

 

The architecture of our system is composed of five basic modules: 

Figure 9. Architecture of the proposed system 

The system receives as input the image with the ear of the query individual. This image is 

extracted from the original photo of the individual at the time of its opening. During this 

phase, in addition to the selection of the ear, the user is prompted to click on four key points, 

that is to say, the eye of the individual, the far side of the ear, the ear lobe and the attachment 

of the ear with the head. Photos must have the characteristic of depicting elephants in profile, 
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so that these points are visible. These points will be used to identify the positions assumed by 

the nicks of the query individual relative to its ear. 

The first step of the system is the application of the Profile Extraction module. This module 

receives as input the image with the ear and after edge detection returns another containing its 

profile. 

The next module, namely Selection of Nicks, allows extracting the nicks from the profile 

obtained previously. The selection of each of them is made by the user by simply clicking on 

two end-points of the nick, while its extraction is done automatically. The output of this 

module is the list containing the nicks extracted from the query. 

To narrow the search within the database so as to reduce the computational cost of the entire 

process of matching the query nicks, an algorithm was created to select a subset of profiles 

that will then be compared with the input individual. The module that performs this operation 

is the Candidate Profiles module. When searching the database, only those profiles of 

individuals with selected nicks of the same side (right ear if the query ear is right, left, 

otherwise) are extracted. Therefore, the output is a vector which stores profiles taken from the 

corresponding database subset. Furthermore, these profiles must have their own nicks in 

positions similar to those of the query itself. 

The list of the query nicks along with the vector of the profiles described above, represent the 

input of the next module that allows for the matching. The nicks of the query will be 

compared with those in each profile of the input vector and the degree of similarity will be 

stored inside a new vector. The degree of similarity is given by calculating the Chamfer 

distance for the nick under consideration. 

This vector is then processed by the last module, called Final Ranking, in order to return the 

final classification with the N individuals in the database that most resemble the query. The 

module will also visualize the images of individuals being part of the ranking in order. 

In the next sections we will describe the five modules of our system in detail. 
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4.1 Profile Extraction Module 

The Profile Extraction module, receives as input the photo of the ear of the query individual, 

previously selected by the user, and returns an image containing the edges of the photo itself. 

This is done by applying an edge detection algorithm [15], which returns an image with white 

background and the edge-points in blue. 

During the edge detection of the input image, the user has the possibility to manually change 

the threshold value, so that the nicks are visible in a better way. Figure 10 shows an example 

of semi-automatic edge detection in which the user can vary the threshold by moving the 

indicator present in the panel for the extraction of contours. 

 

Figure 10. Example of semi-automatic edge detection 
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4.2 Selection of Nicks Module 

The second module of the system, namely Selection of Nicks, allows the extraction of the 

nicks from the profile of the query ear. The selection of a single nick by the user occurs 

clicking on two end-points that delimit the curve. Its subsequent extraction takes place 

automatically by applying an algorithm capable of obtaining an area of the image containing 

the nick as defined by the two end-points previously selected by the user. The area, which we 

call Q, corresponds to a rectangle whose dimensions are based on the distance d existing 

between the selected end-points. This distance will be used to calculate two corner points that 

will limit the area. Let middle be the center point on the line linking the end-points 

considered: counting half d pixels up and half d pixels left from middle, the upper-left corner 

is defined; counting half d pixels down from and half d pixels right from middle, the bottom-

right corner is defined. The algorithm is as follows: 

INPUT: Img: Image with the ear profile of the query individual 

             Q1: first end-point of the nick 

             Q2: second end-point of the nick 

1. middle = middle point of straight line from Q1 to Q2 

d = Euclidean distance between Q1 and Q2 

2. If d<25, d=25 

3. Create corner points C1 and C2, and add them to LIST 

a. C1.x = Q1.x – (d/2); C1.y = Q1.y – (d/2) 

LISTA.add(C1); 

b. C2.x = Q2.x + (d/2); C2.y = Q2.y + (d/2)  

LISTA.add(C2); 

4. For C1 and C2, check they are within the image limits 

a. If C1.x < 0, C1.x = 0 

If C1.y < 0, C1.y = 0 

b. If C2.x > Img.width, C2.x = Img.width 

If C2.y  > Img.height., C2.y = Img.height 

5. For every P in Q 

a. If P is edge point 

i. Add P to LIST 

6. OUTPUT(LISTA) 

Figure 11. Pseudo-code of the algorithm implemented in the Selection of Nicks module 
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The algorithm receives as input Img, Q1, Q2. The variables defined inside the function are: 

 A list of points (each point consisting of coordinates x and y), namely nickPoints, that 

will store the edge points present in the area selected for the nick, and which will be 

returned by the algorithm. 

 Point middle, which indicates the point located in the center of the line which links Q1 

and Q2. 

 Another variable, d, which stores the length between Q1 and Q2 (Euclidean distance). 

First, the length represented by d is checked. If its value is less than 25, this will be its new 

value. This way, we assure that even if the end points are very close, the area selected will be 

big enough to cover the whole nick. Next step will be to calculate the points defining 

rectangle Q (C1 and C2), adding them to nickPoints. This calculation will be based on the 

distance between Q1 and Q2. Generally, further end points mean greater nicks. Therefore, for 

a longer distance between them, a greater Q will be defined. C1 is Q’s top-left point, and C2 

is Q’s bottom-right point. The center of Q is middle. To obtain C1, we will move from middle 

d/2 pixels to the top and d/2 pixels to the left. To obtain C2, we will move from middle d/2 

pixels to the bottom and d/2 pixels to the right. Then, a check is done to make sure that these 

points exist within the image limits, i.e. that C1 coordinates are not negative, and C2 

coordinates do not exceed Img width (for x) and height (for y) values. 

Now we have a well defined area Q that covers the nick defined by the end points selected by 

the user. We will then start looking at each pixel in the image that exists within Q. The search 

starts at C1, and checks pixels from C1.x to C2.x, for rows from C1.y to C2.y. If the pixel 

being examined is an edge point, it is added to nickPoints. Finally, nickPoints is returned, 

containing all the edge points present in Q. This will be the points that will be later used to 

calculate the Chamfer distance for the nick. 

The output of the module will be given a list containing all the extracted nicks. 

In figure 12 we show an example of selection of a nick area on an image containing a profile. 

The nick end-points are represented in black, while the rest of the points present in the nick’s 

area in red. 
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Figure 12. Example of nick selection area given the two end-points Q1 and Q2  
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4.3 Candidate Profiles Module 

To narrow the search within the database so as to reduce the computational cost of the entire 

matching phase for a query, it was necessary to introduce a procedure capable of selecting a 

subset of profiles suitable for being successively compared with the individual to recognize. 

The population of the database is a priori divided into two parts (as discussed in Chapter 5): 

one part is about individuals whose selected nicks are part of their right ears, while the other 

concerns individuals whose selected nicks are part of their left ears. This will allow, during 

the phase of the profiles search, to consider only those ears of the database right if the query 

ear is right or left if the query ear is left. Division into two parts is done at application start, 

that is, when the database is loaded into main memory. 

To find out if an ear of the database is left or right it is enough to analyze the abscissas of the 

points concerning the eye and the far side of the ear, which were selected by the user at the 

time of recognition of the image, before the image was inserted into the database. This 

information is stored on a text file that is created when the user decides to insert a photo of an 

individual into the database. 

Being Eye and Far_Side the two points taken from this file, in figure 13 this control operation 

is depicted in pseudo-code.  

INPUT:  Eye: point corresponding to the eye  

   Far_Side: point corresponding to the outer lateral ear 

1. If Eye.x > Far_Side.x then 

a. ear_side = "right" 

else 

b. ear_side = "left" 

2. OUTPUT (ear_side) 

Figure 13. Pseudo-code illustrating operation of control of the ear side 

After this check, the individual picture will be inserted into the corresponding part of 

database. The same control is used for the query immediately after the user has finished the 
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selection operation of the four key points (that includes the eye and the far side point of the 

ear) on the image, so you know immediately with which database part it will be compared 

during the recognition phase. 

Figure 14 shows the flow chart with the operation of the module. 

 

Figure 14. Flow chart of the functioning of the Candidate Profile module 
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The module receives as input the list of query nicks and returns another list containing the 

names of suitable profiles for access the next matching phase. Each element of this list 

contains two fields: one refers to the index of the individual concerned and the other to one of 

its profile pictures. In this way, the matching phase can be directly traced back to the profile 

database to be compared with the query. Figure 15 shows the list returned by the Candidate 

Profiles module. 

 

Figure 15. List returned by the Candidate Profiles module 
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The first control of the module, represented in figure 14, is to examine the nicks through the 

study of their position. This is done by running a control between the end-points for the i-th 

query nick and the end-points for every curve of the database profile. 

By taking all nicks of the database profile into account for each query nick, we assure that 

even if the query profile has more nicks that the database profile, matching will occur when at 

least one of these nicks is present in the database profile. 

Before testing, the end-points are normalized to one of three possible Cartesian reference 

systems that the user chooses a priori. Figure 16 shows an example of the three Cartesian 

reference systems for the same image. 

 

1. Reference system of the eye       2. Reference system of the eye       3. Reference system of the eye  

    and the far side of the ear          and the lobe          and the head attachment 

Figure 16. Example of the three Cartesian reference systems for the same image 

 

The reference system is constructed with the Cartesian coordinates of the eye, the far side of 

the ear, the ear lobe or the attachment to the head. These points, as mentioned, are selected by 

the user immediately after the opening of the image in the process of selecting the area 

containing the query ear. 

This method has been chosen because in our images is not always clearly discernible another 

fixed point apart from the eye, due to noise or perhaps special positions that an ear can take 

during the shoot of the photograph. So the user has the possibility of matching to one of the 

three points mentioned above, which allows the selection of the most reliable point in any 

single query. 
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The algorithm of normalization for an end-point regarding its Cartesian reference system is as 

follows: 

INPUT:  P: Far side of the ear, lobe of the ear, or head attachment 

               EP: The end-point to normalize 

   EYE: pixel that represents the coordinates of the eye 

1. dist = Euclidean distance between P and EYE 

2. L = line through P and EYE 

3. S = line perpendicular to L and passing through EYE 

4. ProjectEPonL = line perpendicular to L and passing through EP 

5. ProjectEPonS = line perpendicular to S and passing through EP 

6. px = intersection point between L and ProjectEPonL 

7. py = intersection point between S and ProjectEPonS 

8. X = Euclidean distance between EYE and px 

9. Y = Euclidean distance between EYE and py 

10. X = X / dist 

11. Y = Y / dist 

12. OUTPUT (point of abscissa X and ordinate Y) 

Figure 17. Algorithm for the standardization of an end-point of a cut 

In the first point of the algorithm, the distance between the eye and the point P chosen by the 

user is calculated. Then the coordinate axes with the origin in the eye are constructed: first the 

x-axis is calculated, i.e. the line through the eye and the point P; and then the y-axis, i.e. 

perpendicular to the x-axis and passing through the eye. 

The next steps are the calculation of the projected end-point on the axis and the calculation of 

the distances of these projections from the origin. These distances are both divided by the 

distance between the eye and the point P calculated at the beginning, thus obtaining the 

coordinates of the end-point normalized with regard to the Cartesian coordinate system 

chosen by the user. 

Once the normalization of the four points is done, the check is to see if the end-points of the 

query nick belong to the end-points neighborhood of one of the nicks from the database 

profile. 
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Given a query nick T having normalized end-points EpT1 and EpT2, and nick S of an 

individual in the database with normalized end-points EpS1 and EpS2, figure 18 shows a 

graphical representation of how the comparison is done. The curve T is colored blue while the 

curve S is colored red; the neighborhoods of EpT1 and EpT2 are represented in gray instead. 

 

Figure 18. Graphical representation concerning the control of the position 

In figure 19, however, the steps of the check are described in pseudo-code. 

INPUT:  EpT1: first end-point of the nick T 

               EpT2: second end-point of the nick T 

               EpS1: first end-point of the nick S 

   EpS2: second end-point of the nick S 

1. If [EuclideanDistance (EpT1, EpS1)]<Threshold &  

    [EuclideanDistance (EpT2, EpS2)]<Threshold then 

a. OUTPUT (true) 

otherwise 

b. OUTPUT (false) 

Figure 19. Pseudo-code of control over nicks S and T positions 

To compare the end-points the squared Euclidean distance is used, while the neighborhood of 

each end-point is defined a priori by a fixed threshold value. If this comparison succeeds for 

any of the query nicks then the profile of the database will be one of the candidates for 

matching that will happen in the next step.  

The profile will then be inserted in the list of candidate profiles. 
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4.4 Matching Module 

The Matching module allows making comparisons between the query individual and the 

profiles of individuals present in the list returned by the previous module. As explained in 

section 3, for each of these candidate profiles, its corresponding Chamfer distances will be 

calculated. To do this edge extraction will be performed on the individual’s picture stored in 

the database, and distance transformation (DT) will be calculated. 

In the binary edge image each edge pixel is first set to zero and each non edge pixel is set to 

infinity. If the DT is computed by parallel propagation of local distances then at each iteration 

each pixel obtains a new value using the expression in the next equation: 

𝑣𝑘
𝑖 ,𝑗 = 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 (𝑣𝑘−1

𝑖−1,𝑗−1 + 4, 𝑣𝑘−1
𝑖−1,𝑗 + 3, 𝑣𝑘−1

𝑖−1,𝑗+1 + 4, 𝑣𝑘−1
𝑖 ,𝑗−1

+ 3, 𝑣𝑘−1
𝑖 ,𝑗 , 𝑣𝑘−1

𝑖 ,𝑗+1 + 3, 𝑣𝑘−1
𝑖+1,𝑗−1 + 4, 𝑣𝑘−1

𝑖+1,𝑗 + 3, 𝑣𝑘−1
𝑖+1,𝑗+1 + 4) 

Where 𝒗𝒌
𝒊,𝒋 is the value of the pixel in position (i,j) at iteration k. The iteration should 

continue until no value changes and is proportional to the longest distance in image. In our 

system this would consume far too many resources. Therefore, to speed up the distance 

computation process, sequential DT algorithm [16] is used where two passes are made: 

―forward‖ left to right; ―backward‖, right to left. 

The pseudo-code describing the sequential DT algorithm is as follows: 

INPUT: Img: edged image corresponding to stored picture of individual 

  Orig: first point of the image (left-top) 

  End: last point of the image (right-bottom) 

1. mapW = End.x – Orig.x 

mapH = End.y – Orig.y 

2. chmfrMap = matrix of integers of dimensions [mapW][mapH] 

3. For every pixel P in Img 

a. If P is edge pixel 

i. chmfrMap[P.x][P.y] = 0 

otherwise 

ii. chmfrMap[P.x][P.y] = 9999 (representing infinity) 
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4. For every value I in chmfrMap from Orig to End 

a. For every value J in I’s neighborhood 

i. If J<I and J is adjacent neighbor of I 

I = J+3 

ii. If J<I and J is diagonal neighbor of I 

I = J+4 

5. For every value I in chmfrMap from End to Orig 

a. For every value J in I’s neighborhood 

i. If J<I and J is adjacent neighbor of I 

I = J+3 

ii. If J<I and J is diagonal neighbor of I 

I = J+4 

6. OUTPUT(chmfrMap) 

Figure 20. Chamfer Map algorithm 

The matching phase classifies the i-th query nick as matched for current profile, and compares 

it with the nick of the database found to match it. 

The comparison between a query nick Q for with end-points Q1 and Q2 and another database 

nick S with end-points S1 and S2 consists primarily in a superposition of the edge points 

contained in Q on the Chamfer map calculated for S. 

The overlap is defined by matching Q1 with S1 and Q2 with S2, via calculation of parameters 

that define the bidimensional transformation B [17] [18]. 

B of Q on S is composed of: 

1) Translation: the first end-point of Q is traversed on the first end-point of S and the 

difference between the two points is stored as the values tx and ty. 

2) Rotation: the slope of the segment between the two end-points of Q is calculated, 

considering the first point as the apex. The same calculation is carried out on S. Then 

the difference between the two angular coefficients is calculated and the resulting 

angle θ is stored. 

3) Scale: lengths of segments between the two end-points of Q and between the two 

end-points of S are measured. The resulting ratio k between the two values is stored. 
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Each point (x1, y1) of Q is changed to (x, y) using the following formula [19]: 

x = tx + x1 * k * cosθ - y1 * k * sinθ 

y = ty + x1 * k * sinθ + y1 * k * cosθ 

Before describing the operation of the matching algorithm in a formal way, we analyze in 

greater detail the end-points Q1 and Q2 of the query nick Q that were selected by the user. 

Very often it may occur that for the same nick Q different users select end-points which are 

not always the same. Applying then the matching algorithm, it may happen that a single nick 

is recognized differently depending on the end-points that have been selected at that time. 

To solve this problem for each nick of the query, not only their end-points, but also their 

neighborhoods are considered. Each neighborhood is constructed from its corresponding end-

point, using an algorithm similar to that proposed for the Selection of Nicks module. 

The algorithm of construction of a neighborhood is as follows: 

INPUT:  Img: profile of the ear image with white background and blue edge-points 

               EP: end-point of nick Q 

1. Add EP to NH 

2. Add EP to LIST 

3. Mark EP as visited 

4. While LIST is not EMPTY do 

a.  CurrentPixel = LIST.getElement() 

b. Let P[1], P[2].... P[8] be the pixels adjacent to CurrentPixel of Img 

c.  For i = 1 to 8 do 

i.  If Color(P[i]) = Blue and P[i] has not been visited and 

EuclideanDistance(P[i], EP) <= Threshold 

Mark P[i] as visited 

Add P[i] to LIST 

Add P[i] to NH 

5. OUTPUT (NH) 

Figure 21. Pseudo-code algorithm for the construction of a neighborhood 
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The algorithm returns a list of edge-points around the end-point EP. Let P be a point 

belonging to the neighborhood NH built with the algorithm described above, P has the 

characteristic of having Euclidean distance to EP less than or equal to Threshold. In figures 

22, 23, 24, 25 examples in this regard are shown, in which the threshold is set at 10. The 

neighborhoods are green and the rest of the curve is red: 

 

Figure 22. First example of a selected nick with its neighborhood 

 

Figure 23. Second example of a selected nick with its neighborhood 
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Figure 24. Third example of a selected nick with its neighborhood 

 

Figure 25. Fourth example of a selected nick with its neighborhood 

Being I1 the set of points of cardinality N for the first end-point neighborhood and I2 the set 

of points of cardinality M for the second end-point neighborhood, for each query nick Q we 

have NxM different nick areas. For any two points p1 Є I1 and p2 Є I2, QPi will be the edge 

points found in the edge image of nick Qi having as end-points p1 and p2. 

In figure 26 the complete algorithm that allows matching between nicks Q and S is showed: 
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INPUT: I1: neighborhood of first end-point of Q 

              I2: neighborhood of second end-point of Q  

              chmfrMap: Chamfer map of database profile 

1. For each cut Qi having the first end-point in I1 and second end-point in I2 

a. TotalDistanceQi = 0 

b. QPi = nick points of Qi 

c. For every point P of QPi 

i. Transform P 

ii. TotalDistanceQi += value in chmfrMap for point P 

2. Of all the sums of distances, take the minimum 

3. OUTPUT (minimum distance) 

Figure 26. Algorithm for matching between two nicks 

By the algorithm described above we can deduce that if for same nick a user clicks on two 

sets of different end-points, with the introduction of the threshold that allows us to calculate 

the two neighborhoods, the algorithm still returns the same Chamfer distance in reference to 

the same cutting Qi that comes closest to S. In summary, let p1 and p2 be the end-points of Q 

that the user selects the first time, and z1 and z2 the end-points of Q that the user selects a 

second time; the nick Qi closest to S will be the same for both versions of the nick Q, and will 

have the first end-point r1 which will belong to both p1 and z1 neighborhoods and the second 

end-point r2 that belong to both p2 and z2 neighborhoods.  

This is applied to every query nick for which a match in the model being examined was 

found. A feature added to this new system’s version is that all query nicks are matched against 

the model. This is done by using the found nicks as a reference to extract the transformation 

parameters, which are normally calculated from both the query and database nicks, as shown 

above. So a new control is performed as the next step of this matching phase. 

Considering at least one nick was found, this control checks if all the query nicks have been 

matched with nicks present in the database profile. If this is not the case, those that were not 

matched will be projected on the database profile. This projection is based on the 

transformation parameters obtained from the already matched nicks, which are translation, 

rotation and scale, i.e. calculating the averages of these values, thus defining the parameters 

needed for the matching of unfound nicks. This is, if two nicks were found for a total of three 
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query nicks, for each of these nicks its rotation, scale and translation values are stored. When 

we need to calculate the distance on the Chamfer map for the unmatched nick, the average of 

these stored values will be used to calculate its rotation, scale and translation. With these new 

parameters we will apply the algorithm showed in figure 26. 

At the end of the phase of confrontation between the query and a database profile, we will 

have as output a Chamfer distance, representing the degree of similarity between the query 

and the profile being examined. This value will be inserted into a vector very similar to the 

list that returned the previous module, the only difference being that instead of the field that 

contains the profile number of the individual concerned, it will now store the computed 

Chamfer distance. 

In figure 27 the vector of distances returned by the Matching module is shown. 

 

Figure 27. Vector returned by the Matching module 
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4.5 Final Ranking Module 

The last step is to create a final vector in which individuals in the database that most resemble 

the query are listed. This function is performed by the final ranking module. 

The module receives as input the vector with the Chamfer distances calculated after matching 

the candidate profiles with the query and returns a new vector of N elements containing the 

individuals who, according to their nicks, have a greater degree of similarity with the query 

(that is, those individuals having the minimal Chamfer distances). 

From Figure 31 we can see that the vector returned by the matching module can contain 

multiple values (Chamfer distances) referring to the same individual, since the candidate 

profile extraction stage considers all those profiles eligible to enter the next phase of 

confrontation . For each of these individuals, therefore, only the profile with minimum 

distance from the query will be taken into account. 

After this first operation, we will have a list in which each of its elements corresponds to a 

different individual. The last step consist on the extraction from this last list of the N 

individuals with minimum distance, so that to arrange them in the final vector (of N elements) 

in crescent order. In our system the value for N has been set to 10. At the end of this process, 

the module will also provide the visualization of the individuals being part of the final 

ranking. 

The algorithm implemented for the final ranking module is the following: 

INPUT: DisVect: vector of T elements containing the Chamfer distances 

1. Move trough DisVect taking for each individual only the profile providing 

minimum distance and create vector L with them 

2. Sort L in crescent order 

3. Extract the first N elements of L and insert them in the final vector ranking 

4. OUTPUT (ranking) 

Figure 28. Algorithm for the Final Ranking Module 

As expected, also vectors L and ranking are composed of elements containing a field for the 

individual index considered and another one for its minimum Chamfer distance. 
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To end this section, we analyze in a deeper way the position occupied by profiles of one same 

individual in vector DisVect, which is the input for the algorithm showed in figure 33. As a 

matter of fact, because of how the database research is carried out, it can be noticed from 

figures 18 to 31 that a same individual occupies a contiguous block of elements inside 

DisVect. This is due to the selection of candidate profiles phase, when individuals are 

evaluated one by one. Because of this we only need to go through DisVect once in order to 

create vector L. 

If figure 34 pseudo-code for instruction 1 of algorithm of figure 33 is showed:  

INPUT: DisVect: vector of T elements containing the Chamfer distances 

1. individual = DisVect[1].ind 

2. mindis = DisVect [1].dis 

3. For i=2 to T do 

a. If individual = DisVect[i].ind 

i. If mindis > DisVect[i].dis 

mindis = DisVect[i].dis 

otherwise 

ii. Add new element made up of individual and mindis to L 

individual = DisVect [i].ind 

mindis = DisVect [i].dis 

4. Add new element made up of individual and mindis to L 

5. OUTPUT ( L ) 

Figure 29. Creation of vector L moving through DisVect just once 
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5 

Database Structure and 

Insertion Methods 
 

 

 

 

In this chapter we describe the structure of the database, both in main memory and in 

secondary memory, and the methods of insertion. The structure is showed in the following 

image: 

 

Figure 30. Structure of the database on secondary storage 

This structure has changed from the previous version of the system to this one. In the previous 

version, every individual had its own directory stored under the root directory. Each of these 

directories in turn contained two sub-directories, one containing the images of the individual 
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(in JPG or GIF) and the other files .tag that stored the information related to the nicks that had 

been selected. The files .tag were simply text files with the information corresponding to its 

image for that individual. These directories were called foto and tag, respectively. 

In the new version, the basic structure is kept. This is, one folder per individual stored under a 

root directory. Folder tag is no longer used, but for the moment it will still exist in the 

database for the old individuals. When inserting new individual pictures in the database, 

folder tag will not be generated anymore. Folder foto does not change. The main change is the 

inclusion of a new folder map containing new .tag files which have been generated from the 

ones stored in folder tag. This new file information is: 

1) The number of nicks of the selected photos to which it relates 

2) The coordinates of the eye 

3) The coordinates of the ear's extreme lateral 

4) The coordinates of the lobe 

5) The coordinates of the attachment of the ear with the head 

6) The coordinates of the end points of each nick 

To ease the loading to main memory and the access to the database, a standard denomination 

has been chosen for each individual's file: 

"Side ear" _ "number img individual. "jpg/gif" or "tag" 

Being "Side ear" SX for the left side or DX for the right side. For example, the file .tag with 

the full path Database_name\Individ_1\map\DX_2.tag refers to the selected nicks that are part 

of the second image of the individual named Individ_1 (with full path 

Database_name\Individ_1\foto\DX_2.jpg). As can be seen from the prefix indicating the side 

of the ear, the nicks relate to a right ear. The use of this prefix is very important for the 

software when loading the database into main memory. This allows us to divide the whole 

database into two parts: one covering right ears and one covering left ones, in order to 

compare a query only with those ears of the database corresponding to its side. 

The loading of the database in main memory is done using six structures; three for the right 

ear set and three for the left ear set. All six are lists of lists of length N, where N is the number 

of individuals in the database. 
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The first structure contains the nicks end points read from files .tag. In Figure 43 this structure 

is shown: 

Figure 31. Structure containing the nicks end points read from files .tag 

The second structure, in figure 44, contains the strings denoting the full paths of the images 

stored in secondary storage: 

 

Figure 32. Structure containing the full paths of the images in secondary storage 
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The third structure contains the coordinates of the eye, the far side of the ear, the ear lobe and 

the attachment of the ear with the head, taken from the files .tag of each image of each 

individual. This structure is shown in figure 45. 

Figure 33. Structure containing the four fundamental points of each photo in the database 

This will allow us to manage the information contained in the database accessing only to main 

memory, thus limiting the time for the reading phase. 

In terms of the data structures just described, the phase that extracts the candidate profiles 

performs a database read from the first individual. This means that initially you browse the 

list containing the files .tags. 

As described in the section explaining the candidate profiles extraction, for each picture of 

each individual, whether the number of nicks is equal to the nicks of queries is not taking into 

account anymore. Now, only the control which concerns the comparison of the position of the 

k-th nick of the database profile taken in consideration with that of the k-th nick of the query 

individual is performed. We do this for every pair of database-query nicks. To do this the 

information from the first structure is used, as well as the reference key points taken from the 

third structure. If the outcome is positive the phase matching can occur between two 

individuals. While doing the matching, the chamfer map will be generated for the picture j of 
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the individual i under exam. The path to this picture is stored in the second structure. The 

structures containing the paths to the images will be useful also after the matching to display 

the image of the individual in case it falls within the final ranking. 

Once the final ranking is visualized, we can choose (if considered appropriate) for the 

individual query to be inserted in the database, using three different types of entries: 

1) As a new photo of an individual present in the final ranking 

In the first type of insertion, the system will automatically provide the standard name to be 

assigned to the image and to the file .tag that will be added to the existing individual. This is 

done simply by counting the images that already exist in the database directory of the 

individual selected, and taking again the information of the query side of the ear (ie, the 

comparison between the abscissas of the extreme side of the eye and the ear). Then it creates 

the file .tag, the image is inserted into the database and structures in main memory are 

updated meeting the criteria described in the section on the description of the database. 

2) Manually, i.e. browsing the database 

The second type of integration is very similar to the first, but it is necessary when you want to 

insert manually the individual. This happens when the elephant which most resembles the 

query is in the database but has not been included in the final ranking. The user will browse 

the database personally selecting the directory relative to the individual where the image 

query must be placed, after which the update operations in primary and secondary memory 

will be identical to those of the first insertion type. 

3) Creating a new individual, if the individual query does not resemble any of those present in 

the ranking 

The last type of entry allows the user to create a new individual. The user enters the name of 

the new individual and the system will create the sub-directories foto and map, inserting the 

files with the same criterion described above. After this the structures in main memory will 

also be updated. 

In all three types of insertion, the updating of the database is first carried out on secondary 

storage and then, if all went well, the structures are updated in main memory. 
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6 

Experimental Results 
 

 

 

 

 

This chapter presents the results of experiments obtained by our system. The system was 

developed on a personal laptop with an Intel Core 2, 1.83 GHz and 2048 MB of RAM and 

was developed in Java with JDK 1.6, on Windows Vista. The application used to program the 

system was Eclipse SDK 3.4.1. The database on which we conducted our experiments 

contains 255 profiles for a total of 184 individuals. In experiments a set of 43 query images 

were used. These images are not part of the database but depict individuals already in the 

database itself. 

The experimentation of our system is based on assessing the reliability of the recognition 

phase. As mentioned in Section 4.3, the recognition phase can be conducted according to one 

of three possible Cartesian reference systems, which is chosen by the user after the nicks from 

the query profile have been selected. The reference systems have all three their origin in the 

eye, while the second point given can be the far side of the ear, the ear lobe or the attachment 

to the head. For each query, the system returns the ranking with the ten individuals in the 

database that most resemble the query itself. If the individual in the database to which it really 

belongs is in the final ranking, then we say that the query was classified. 
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The graph of Figure 34 shows the percentages of classification of the 43 queries in relation to 

the three Cartesian reference systems. 

 

Figure 34. Percentage of classification regarding the three Cartesian reference systems 

With 88.37% it is clear that the percentage of classification for the reference system Eye – Far 

side of the ear is higher than the 62.79% obtained for the reference system Eye – Lobe and 

remarkably much higher than the 13.95% of the reference system Eye – Head attachment. To 

justify these significant differences we analyze, for each Cartesian coordinate system, the 

percentages of classification of 43 queries over the first ten individuals recognized. In Table 1 

we examine the Cartesian reference frame Eye - Far side of the ear: 

Position Number of queries % over all queries 

1 7 16% 

2 12 28% 

3 8 19% 

4 6 14% 

6 3 7% 

8 1 2% 

9 1 2% 

Not classified 5 12% 

Table 1. Classification of queries over the baseline Eye – Far side of the ear 

More than 88% of the 43 query have the database individual to which it truly belongs ranked 

in the top nine positions. It should also be noted that 63% of the query have the database 

individual candidate listed in the first three positions. 
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Table 2 shows the percentages of classification with regarding the Cartesian reference system 

Eye –Lobe: 

Position Number of queries % over all queries 

1 9 21% 

2 5 12% 

3 6 14% 

4 7 16% 

Not classified 16 37% 

Table 2. Classification of queries over the baseline Eye - Lobe 

Unlike the Cartesian reference frame Eye - Far side of the ear, it is clear that the percentage 

of queries not classified has been increased, even if those classified have their individual 

database candidates concentrated in the top four positions. The problem is due to the fact that 

the point selected by the user that identifies the lobe most often turns out to be ambiguous, 

which results in a wrong way to build the entire frame of reference. The consequence is that 

the Candidate Profiles module cannot find any profile that has the cuts in similar position to 

the individual to recognize. For example, in some images the lower part of the ear is bent or 

hidden by other objects, which may mislead the user during the selection of the points 

representing the lobe. 

Table 3 shows percentages of classification for the Cartesian reference system Eye –Head att.: 

Position Number of queries % over all queries 

2 3 7% 

3 2 5% 

6 1 2% 

Not classified 37 86% 

Table 3. Classification of queries over the baseline Eye – Head Attachment 

In this case the non-classified query rate is even higher than before, and the cause of this 

problem is given again by the ambiguity that this time has the choice of the points that define 

the attachment of ear and head. 

From the results reported in the tables above we can see how much more reliable the 

recognition phase achieved by taking the Cartesian reference frame Eye - Far side of the ear 

is. But observing closely the percentage of classification in the ten positions of all three 

systems of reference, we note that among the queries classified, the percentages of correct 

recognition for the Eye - Lobe and Eye - Head attachment systems are higher than that of the 

reference system Eye - Far side of the ear. From the tests provided it can be concluded that 
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choosing the Cartesian reference systems Eye – Lobe and Eye – Head attachment over the Eye 

– Far side of the ear system, decreasing the overall percentage of individuals correctly 

retrieved by the system, a concentration in the first positions of the ranking takes place. 

Results shown in Tables 1, 2, 3 are now represented using a metric known for evaluating the 

reliability of recognition systems. This metric, called the Cumulative Match Characteristics 

(CMC), represents the probability, CMC (r), that the correct database individual for a given 

query is ranked in the top r positions, for each 1 <= r <= N. 

In Table 4 values of the CMC for the system of Cartesian coordinate Eye-Far Side of the ear 

are calculated: 

Position CMC 

1 16% 

2 44% 

3 63% 

4 77% 

6 84% 

8 86% 

9 88% 

Not classified 12% 

Table 4. CMC for the reference system Eye – Far side of the ear 

In Table 5 the CMC values calculated for the baseline Eye –Lobe are presented: 

Position CMC 

1 21% 

2 33% 

3 47% 

4 63% 

Not classified 37% 

Table 5. CMC for the reference system Eye - Lobe 

Values of CMC with regards to the reference Eye – Head Attachment are shown in Table 6: 

Position CMC 

2 7% 

3 12% 

6 14% 

Not classified 86% 

Table 6. CMC for the reference system Eye – Head Attachment 

The comments on Tables 4, 5, 6 are similar to those made for Tables 1, 2, 3.  
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7 
Work Session 

 

 

 

 

 

This chapter presents a typical working session in order to provide the reader with a brief 

guide for the system. 

The system allows working with images in JPEG and GIF format. The video resolution 

advised is 1024x768. 

The user will start the program by clicking the application icon. When double clicking it, a 

splash screen is shown telling the user that the database is loading. In case the database has 

not been updated from the previous version, the program automatically generates the new 

folders needed from the ones existing within the current database. Before starting this 

operation, an information message will be shown (this message requires being accepted in 

order to start the update). 
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Figure 35. Loading database splash screen & update information message 

When this process is finished, the application intro will be showed, as follows: 

 

Figure 36. Application intro 

By selecting the Database menu, the user has the ability to browse the database to view 

pictures of each individual. Additional information is given for each image about the number 

of nicks selected in it. Figure 37 shows this: 
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Figure 37. Panel for displaying the database 

To open the image of a new individual, select the New option from the File menu elephant. 

 

Figure 38. Opening of a new individual query 

Once the new individual image is opened, the user is asked to click on the eye, on the extreme 

side of the ear, on the ear lobe and on the attachment to the head. This will be used later on to 

create a reference coordinate system. Figure 39 represents selection of these four key points. 
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Figure 39. Selection of four key points on the query 

The next step, shown in Figure 40, consists in drawing (with drag & drop) the bounding box 

for the subsequent extraction of the ear. This box must include the previously selected points. 

 

Figure 40. Bounding Box Ear 

Clicking on the Modify menu and selecting the Extract option displays the screen containing 

only the ear image inside the box defined. 
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Figure 41. Image ready to perform edge extraction on it. 

The next step is the extraction of the edges, done by selecting the Edge detection option from 

the Tools menu. The user can modify the contour threshold on the right panel so that the nicks 

along the ear are better visible. Figure 42 shows the edged image and its control panel. 

 

Figure 42. Extraction of the profile image query 

To select the nicks, the user clicks on their respective end-points A and B. Then the selected 

area including the nick will change its edges color to red: 
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Figure 43. Selected nick 

At this point, the user should press the Add button in order to add this nick to the list that will 

be used in the matching phase. This list contains all the nicks which are ready to be compared 

once the user presses the button in its panel. This phase is represented in Figure 44. 

 

Figure 44. List of selected nicks 

Pressing the Start matching button the user is prompted to choose the second point of the 

Cartesian coordinate system having its origin in the eye. These points are used to study the 

position of the nicks in relation to the ear, and correspond to the ones selected above. 
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Figure 45. Selection of the second point of the reference system, which originate in the eye 

The user can now initiate the matching. Once the matching is finished, a ranking is displayed 

showing individuals classified in the first ten positions. This is shown in figure 46. 

 

Figure 46. Image of the individual ranking in first place 

The user can easily browse the ranked images by pressing the arrows located above the 

image. In figure 47, for example, the user moves through the ranked list until the 9
th

 position: 
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Figure 47. Viewing the individual ranking to ninth 

The individual query has been now classified. It is up to the user to decide whether to end the 

operation of recognition by pressing the Close button, or place the individual in the database. 

Inclusion 1- Figure 48: the user moves through the final ranking, and decide to enter the query 

within an individual present in this list: 

 

Figure 48. Entering the query in a successful individual in the final ranking 
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Inclusion 2- Figure 49: the user decides that the query is not part of individuals classified and 

enters it manually, leafing the database until finding the individual thought to correspond to 

the query: 

 

Figure 49. Manually enter query in the individual selected in the database 

Inclusion 3- Figure 50: the user decides that the query belongs to a new individual to be 

created. To insert a new individual first a name will be chosen (the system checks if it exists): 

 

Figure 50. Insertion of new individual’s name 
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By pressing the OK key, the query is inserted as a new individual in the database. This last 

step is shown in Figure 51. 

 

Figure 51. Creating a successful new individual 
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Conclusions 
 

 

 

 

 

In this thesis a system of specialized CBIR for image recovery of zoological interest has been 

restructured and improved. The system takes as input a picture of an elephant's head and 

returns as output a list of individuals stored in the database of the system, sorted according to 

the similarity with the image input. The comparison between the query image and the picture 

of the database occur when comparing the curves that describe the nicks present on the edge 

of the ears of adult elephants. Zoologists consider the position and shape of these incisions 

sufficiently characteristic to identify a specific individual. The system through a particular 

GUI allows the user to select the nicks in the query photo and, subsequently, a fully automatic 

method of curve-matching allows comparing positions and shape of the query nicks with 

those of individuals stored in the database. 

The purpose of this tool is to allow automation and speeding up the recognition process 

carried out by zoologists each time an individual is "captured" (photographed) in a natural 

park. 

 

The aim of the thesis has been double: 

 Improve the existing GUI, making it lighter and more flexible 
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 Improve the matching phase 

The work consisted in the modification of an existing software (partially documented), written 

in Java. This modification lies mainly in adapting the system to a new algorithm for image 

matching called Chamfer matching algorithm, and adapting the application to this new 

implemented algorithm. For this, it has been necessary to modify the matching phase and the 

user interface. Concerning the latter, I removed options that were no longer necessary given 

the greater automation of the system. It has also undertaken the modification of some visual 

components in order to modernize the GUI, making it more practical and including some 

animations designed to inform users of certain processes that take place during system use. 

In previous works this system has been running for a group of researchers from the 

Department of Zoology at the University La Sapienza. The recognition of an individual is of 

paramount importance as it allows studying its behavior. This phase is based on comparison 

of photos of specimens taken in parks in Africa in different periods. Complicating the 

situation further is the fact that the specimens are distinguished for very few details, one of 

which is the presence of nicks on their ears. 

Our goal was to create a better system to automate this step. The system extracts in a semi-

automatic way the profile of the individual to be recognized and, using the technique of 

curve-matching mentioned above, it shows the 10 individuals in the database which, 

according to their distance, are closer to the query. During the selection of candidate profiles 

in the database for matching, the system also considers the position to assume in relation to 

each nick of their ears. Thus, for the calculation of the position, the user can make the process 

of matching by choosing one of three possible Cartesian reference systems: Eye-Far side of 

the ear, Eye-Lobe or Eye-Head attachment. This choice is still necessary because in our 

images is not always clearly discernible to the eye than another fixed point, due to noise or 

perhaps special positions that can take an ear during shooting of the photograph. 

The system implemented uses a database of 255 different individuals, and our experiments 

were performed using a set of 43 queries. The percentages for the classification of the 43 

queries in the top ten were: 88.37% for the baseline Eye-Far side of the ear, 62.79% for the 

baseline Eye-Lobe, and 13.95% for the baseline Eye-Head attachment. 

The computational cost depends both on the number of nicks of the individual to recognize 

and the values taken as the surrounding cardinalities of the two end-points for the query 

considered. It has been chosen to also consider the neighborhood of an end-point because, for 
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the same nick, it is always difficult to select the same pair of points that delimit the curve. 

This could result in a different way to recognize same nicks. This makes our system more 

robust, even if this entails an increase (albeit minimal) of execution times. The average time is 

also influenced by the number of profiles present in the database. 

The final system includes software, executables, and a little guide to the GUI. 

 

Future development 

In the future it may be useful to include a system tool that could eliminate some noise in the 

images. This causes considerable distortion in the matching phase in some cases, and often 

changing the threshold that regulates edge extraction of the image is not sufficient to 

eliminate this noise efficiently. 

It would also be very useful to show graphically the selected nicks for the individuals in the 

database trough the database consultation menu, in order to check how the nicks have been 

selected previously by different users. This might help a new user to select the end points of 

the nicks in a similar way to that of other users working on the same database. 
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