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                           NOTE:     This figure is included on page 2  of the print copy of the thesis held in    the University of Adelaide Library.
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CHAPTER 4 

 

 

AUTOMATIC CONTROL POINTS 

EXTRACTION 
 

Chapter 4 describes how to extract automatically control points (CPs) from both 

reference and input images. This chapter also explains how reference and input 

images used in this outdoor experiment were captured by a mobile camera and 

presents experimental results of automatic CPs extraction. 

 

4.1 Background 

Prior to register automatically two images of the same scene captured by a static 

or mobile camera, CPs must be extracted automatically from the two images. CPs 

are pixels whose coordinates are identified in both images. Methods for extracting 

CPs in two images of the same scene are classified into two different algorithms: 

area-based and feature-based algorithms (Orduyilmaz, 2006). Area-based 

algorithms measure statically the similarity of a small window of points extracted 

from the first image also known as the reference image with a small window of 

points extracted from the second image referred to as the input image (Fonseca 

and Manjunath, 1996). Feature-based algorithms match a set of features extracted 

from the reference image and the input image. The features (e.g., edges, regions, 

lines, line endings, line intersections or region centroid) must be invariant towards 

rotation, scaling and varying illumination (Sester, Hild, and Fritsch, 1998; Roux, 

1996). 

Extracting automatically CPs in multiple outdoor images of the same scene 

containing fence wires acquired by a mobile camera is a difficult task. Area-based 

algorithms may fail to extract CPs from these kinds of multiple outdoor images 

because size, position and intensity values of same objects change significantly in 

the multiple outdoor images. Features like edges, lines and corners are also very 
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difficult to be detected in these kinds of multiple outdoor images because of the 

complexity of background clutter of the scene, illumination variation during the 

day and camera movement. Therefore, local image features referred to as SIFT 

keys proposed by Lowe (2004) are utilized in this research. SIFT stands for Scale 

Invariant Feature Transform. SIFT keys are invariant to image scaling, translation, 

rotation and partially invariant to illumination changes and affine or 3D 

projection. A completed explanation of the SIFT operator is presented in appendix 

1. 

 

4.2 Algorithm Overview 

In extracting automatically CPs from these kinds of multiple outdoor image of the 

same scene, a template-based matching approach is developed in this research. 

Two similar human-made templates (e.g., building pictures) that contain lots of 

SIFT keys was attached in front of posts of fence wires. The difficulty of 

extracting control points from natural templates in an outdoor scene because of 

background clutter, fence wires (i.e., fence wires can separate a big object in the 

scene into several small parts) and artefact lights produced by illumination 

changes is the main reason of attaching these artificial templates. Furthermore, a 

human-made template (template_RI) is manually cropped from the reference 

image in advance. The followings are steps established in extracting CPs from 

reference and input images. 

 

For every reference or input image, 

1. Crop every original reference or input image to a specified rectangle, 

referred to as an area of interest of reference image (AIO1_RI) or an area 

of interest of input image (AIO1_II). The rectangle is a four-element 

horizontal vector with the form [xmin ymin width height)]; these values 

are specified in spatial coordinates and obtained by using the following 

equations. This step will remove automatically the top of each original 

reference or input image, which contains mostly trees and the sky. 

Intruders and any suspicious objects put by intruders within the perimeters 

of protected areas are commonly being on or close to the ground; hence, 
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searching of significant changes is only focus from the ground to 1.5 

meters height. 

 

1min =x           (4.1) 

2/min hy =           (4.2) 

2/minmin2 yy =          (4.3) 

wwidth =           (4.4) 

minmin 2yyheight +=         (4.5) 

 

in which h and w are the height and width of the reference image in pixels. 

The size of images used in this study was an 8Mb file (3264 by 2448 

pixels). Hence, h is 2448 pixels and w is 3264 pixels. 

2. Divide the AIO1_RI or the AIO1_II into four separated regions: I, II, III 

and IV regions (see Fig. 4.1 below). 

3. For extracting a control point (CP) from the left post of fence wires of the 

AIO1_RI, 

3.1 Read the AIO1_RI and the template_RI. 

3.2 Perform the SIFT operator towards the template_RI and only region I 

of the AIO1_RI. 

3.3 Extract only matched keypoint locations in the region I of the 

AIO1_RI. 

3.4 Calculate an average value from the extracting matched keypoint 

locations and use the average value as the first control point. 

4. For extracting a CP from the right post of fence wires of the AIO1_RI, 

4.1 Read the AIO1_RI and the template_RI. 

4.2 Perform the SIFT operator towards the template_RI and only region 

IV of the AIO1_RI. 

4.3 Extract only matched keypoint locations in the region IV of the 

AIO1_RI. 

4.4 Calculate an average value from the extracting matched keypoint 

locations and use the average value as the second control point. 
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5 For extracting control points from the left and right posts of fence wires of 

the AIO1_II, repeat steps 3 and 4 in which the AIO1_RI is changed with 

the AIO1_II. 

 

 

 

                  I                  II                 III                 IV 

 

 

Fig. 4.1 The AIO1_RI and AIO1_II are separated into four regions: I, II, III and 

IV. Regions I and IV contain the left post and right post of fence wires. Searching 

of SIFT keys is only performed in regions I and IV in order to reduce errors of 

SIFT keys matching between SIFT keys extracted in the template_RI and SIFT 

keys detected in regions I and IV of the AIO1_RI or the AIO1_II 

 

 

4.3 Reference and Input Images 

In order to test the robustness of the automatic CPs extraction algorithm, 13 

outdoor images of the same scene containing fence wires including a reference 

image and 12 input images acquired by a mobile camera from slightly different 

positions, angles and at different times were utilized. As mentioned in Section 1.2, 

the movement of the mobile camera is restricted in three degrees of freedom 

(3DOF) which are X, Y and ∆θz axes. The camera movement in X and Y axes is 

limited in ± 20 cm and the rotation of the mobile camera in Z axis is limited in ± 

15 degrees. 

Fig. 4.2, below, depicts top views of the mobile camera positions when 

capturing the 13 outdoor images of the same scene containing fence wires. The 

red colour symbol (    ) in Fig. 4.2 represents a position in which a reference 

image was captured and the     symbol represents the mobile camera. The position 

of capturing the reference image is referred to as the origin (0) position (0, 0, 0). 

In addition, the reference image was captured on 25
th
 of December 2008 at 12.21 

PM in the spring time. Fig. 4.3 depicts the reference image used in this research. 
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Fig. 4.2 Top views of the mobile camera positions when capturing the 13 outdoor 

images of the same scene containing fence wires 

 

 

 

Fig. 4.3 The reference image used in this outdoor experiment 
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After capturing the reference image, three new objects (i.e., two small boxes 

in front of the wire fence and someone who represents an intruder behind the wire 

fence) were added to the scene and an object (i.e., a school bag behind the wire 

fence that denotes a disappearing old object) was removed from the scene. In 

addition, two breaches in the integrity of the wire fence (i.e., a large breach in the 

middle right of and a tiny breach in the bottom right of the wire fence) were added 

to the scene. The digital camera was then shifted manually 20 cm forward (zoom 

in) and 20 cm to the right. It was then rotated 15 degrees in an anticlockwise 

direction. This current camera position, (+20, +20, -15), was referred to as the 1
st
 

input camera position, from which the reference image was captured, the input 

image 1 (see Fig. 4.2, above). Position 1 in Fig. 4.2, above, shows a top view of 

the 1
st
 input camera position. The input image 1 (II-1) was captured on 25

th
 of 

December 2008 at 02.51 PM. To capture the input image 5 and the input image 9 

(II-5 and II-9), the mobile camera was then shifted manually to the 5
th
 input 

camera position (0, +20, 0) and 9
th
 input camera position (+10, +10, -10), from 

which the reference image was captured. Position 5 and position 9 in Fig. 4.2, 

above, show top views of the 5
th
 and 9

th
 input camera positions. Both the II-5 and 

the II-9 were captured at slightly different times with the II-1 (i.e., several seconds 

after capturing the II-1). The reason of capturing the II-1, II-5 and II-9 at slightly 

different times is only to simulate that the mobile camera could probably come 

into these positions in the real time application. Figs. 4.4 (a), 4.4 (b) and 4.4 (c) 

depict the II-1, II-5 and II-9. 

 

   

  (a)      (b) 
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     (c) 

Fig. 4.4 The II-1 (a), II-5 (b) and II-9 (c) were captured by a mobile camera at 

slightly different positions, angles and at slightly different times. These input 

camera positions simulate that the mobile camera could be in one of these 

positions in the real time application 

 

After capturing the II-1, II-5 and II-9, the mobile-camera was put back to the 

origin position. From the origin position, the digital camera was manually moved 

again 20 cm backward (zoom out) and 20 cm to the right. It was then turned 15 

degrees in an anticlockwise direction. This current camera position, (+20, -20, -

15), was referred to as the 2
nd

 input camera position. From this position, the II-2 

was then captured. Position 2 in Fig. 4.2, above, depicts a top view of the 2
nd

 input 

camera position. The II-2 (input image 2) was captured on 25
th
 of December 2008 

at 04.57 PM. To capture the input image 6 and the input image 10 (II-6 and II-10), 

the mobile camera was then shifted manually to the 6
th
 input camera position 

(+20, 0, -10) and 10
th
 input camera position (+10, -10, -10), from which the 

reference image was captured. Position 6 and position 10 in Fig. 4.2, above, show 

top views of the 6
th
 and 10

th
 input camera positions. Both the II-6 and the II-10 

were captured at slightly different times with the II-2 (i.e., one minute after 

capturing the II-2). The reason of capturing the II-2, II-6 and II-10 at slightly 

different times is only to simulate that the mobile camera could probably come 

into these positions in the real time application. Figs. 4.5 (a), 4.5 (b) and 4.5 (c) 

depict the II-2, II-6 and II-10, respectively. 

The II-3 was captured at a (-20, -20, +15) position from the origin position 

on 25
th
 of December 2008 at 7.23 PM. The II-7 and II-11 were captured at slightly 

different times from the II-3 (i.e., one minute after capturing the II-3) at (0, -20, 0) 
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and (-10, -10, +10) positions. Positions 3, 7 and 11 in Fig. 4.2, above, depict top 

views of the 3
rd

, 7
th
 and 11

th
 input camera positions. Figs. 4.6 (a), 4.6 (b) and 4.6 

(c) below show the II-3, II-7 and II-11. 

 

   

  (a)      (b) 

 

     (c) 

Fig. 4.5 The II-2 (a), II-6 (b) and II-10 (c) were captured by a mobile camera at 

slightly different positions, angles and at slightly different times. These input 

camera positions simulate that the mobile camera could be in one of these 

positions in the real time application 

 

The II-4 was acquired at a (-20, +20, +25) position from the origin position 

on 25
th
 of December 2008 at 7.41 PM. Several seconds later, the II-8 and II-12 

were captured at (-20, 0, +10) and (-10, +10, +10) positions from the origin 

position. Positions 4, 8 and 12 in Fig. 4.2, above, depict top views of the 4
th
, 8

th
 

and 12
th
 input camera positions. Figs 4.7 (a), 4.7 (b) and 4.7 (c) below show the 

II-4, II-8 and II-12. 
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  (a)      (b) 

 

          (c) 

Fig. 4.6 The II-3 (a), II-7 (b) and II-11 (c)  

 

   

  (a)      (b) 

 

     (c) 

Fig. 4.7 The II-4 (a), II-8 (b) and II-12 (c) were acquired from slightly different 

positions, angles and at slightly different times 
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Table 4.1, below, summarizes positions and times of capturing all images 

including the reference image and input images used in this outdoor experiment. 

All images were captured on 25
th
 of December 2008. 

 

Table 4.1 Summarization of positions and times when capturing the reference 

image and input images used in this research 

 

Images Positions 

(X, Y, ∆θz ) 

Times 

(hr:mn:sc) PM 

Positions 

in Fig. 2 

    

Reference Image (0, 0, 0) 12:21:00 0 

    

Input Image 1 (II-1) (+20, +20, -15) 02:51:00 1 

Input Image 5 (II-5) (0, +20, 0) 02:51:25 5 

Input Image 9 (II-9) (+10, +10, -10) 02:51:55 9 

    

Input Image 2 (II-2) (+20, -20, -15) 04:57:00 2 

Input Image 6 (II-6) (+20, 0, -10) 04:58:00 6 

Input Image 10 (II-10) (+10, -10, -10) 04:58:10 10 

    

Input Image 3 (II-3) (-20, -20, +15) 07:23:00 3 

Input Image 7 (II-7) (0, -20, 0) 07:24:00 7 

Input Image 11 (II-11) (-10, -10, +10) 07:24:15 11 

    

Input Image 4 (II-4) (-20, +20, +15) 07:41:00 4 

Input Image 8 (II-8) (-20, 0, +10) 07:41:25 8 

Input Image 12 (II-12) (-10, +10, +10) 07:41:55 12 

 

 

 

4.4 Experimental Results and Discussion 

To solve the problem of extracting CPs in multiple images of the same outdoor 

scene, a template-based matching approach by using the SIFT operator is 

proposed in this research. A human-made template (template_RI) was manually 

cropped from the reference image in advance. Fig. 4.8, below, depicts the 

template_RI.  
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Fig. 4.8 A human-made template is picture of a building 

 

The reason of choosing this school building picture is that corners of the 

building provide SIFT keys that are robust towards illumination variation, 

rotation, scaling and affine or 3D projection. From this template, the SIFT 

operator can extract 252 SIFT keys (keypoints). 

The following is an explanation of extracting two CPs from the reference 

image. According to the first step of extracting automatically CPs algorithm in 

Section 4.2 above, the reference image is cropped into a specific rectangle in 

order to remove the sky and trees in the background. The cropped reference image 

is also called as the first area of interest of the reference image (AOI1_RI). Fig. 

4.9, below, depicts the AOI1_RI. 

Next, the AOI1_RI is automatically divided into four regions: I, II, III and 

IV. Figs. 4.10 (a) and 4.10 (b) depict only region I and region IV which contain 

left and right posts of the wire fence. The SIFT operator is firstly applied to the 

template_RI and region I of the AOI1_RI in searching matched keypoints and it 

extracts 126 matched keypoints. Fig. 4.11, below, depicts matched keypoints 

extracted from the template_RI and region I of the AOI1_RI. An average value of 

matched keypoint locations only in region I of the AOI1_RI is then calculated and 

it is used as a first CP. 

 

Fig. 4.9 The AOI1_RI cropped automatically from the reference image 

a1172507
Text Box
                           NOTE:     This figure is included on page 55  of the print copy of the thesis held in    the University of Adelaide Library.
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  (a)     (b) 

Fig. 4.10 Regions I (a) and IV (b) cropped automatically from the reference 

image. Both regions contain left and right posts of the wire fence 

 

The SIFT operator is performed again to the template_RI and region IV of 

the AOI1_RI in searching other matched keypoints. It extracts 23 matched 

keypoints. Fig. 4.12, below, depicts matched keypoints detected from the 

template_RI and region IV of the AOI1_RI. The second average value of matched 

keypoint locations only in region IV of the AOI1_RI is then calculated and this 

second average values is used as a second CP detected from the right post of the 

wire fence. Fig. 4.13, below, depicts both CPs extracted from left and right posts 

of the wire fence in the AOI1_RI. 

 

Fig. 4.11 The SIFT operator extracts 126 matched keypoints from the 

template_RI and region I of the AOI1_RI.  
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Fig. 4.12 The SIFT operator extracts 23 matched keypoints from the template_RI 

and region IV of the AOI1_RI 

 

 

 

Fig. 4.13 Two CPs are automatically extracted from left and right posts of the 

wire fence with a template-based matching approach by using the SIFT operator 

in the AOI1_RI 

 

The same algorithm is applied to all input images. The following Figs. depict 

CPs extracted automatically from other input images. 

 

 

     (a) 
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     (b) 

 

     (c) 

Fig. 4.14 CPs extracted automatically from the AOI1_II-1 (a), AOI1_II-5 (b) and 

AOI1_II-9 (c) 

 

 

     (a) 

 

     (b) 
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     (c) 

Fig. 4.15 CPs detected from the AOI1_II-2 (a), AOI1_II-6 (b) and AOI1_II-10 (c) 

 

 

     (a) 

 

     (b) 

 

     (c) 

Fig. 4.16 CPs detected from the AOI1_II-3 (a), AOI1_II-7 (b) and AOI1_II-11 (c) 
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     (a) 

 

     (b) 

 

     (c) 

Fig. 4.17 CPs detected from the AOI1_II-4 (a), AOI1_II-8 (b) and AOI1_II-12 (c) 

 

Table 4.2, below, summarizes matched keypoints extracted by the SIFT 

operator from left and right posts of the wire fence in each input image. As can be 

seen in Table 4.2, matched keypoints provided by the SIFT operator vary in each 

input image. The varieties occur because of significant changes on illumination, 

rotation, translation and scaling during capturing input images. However, 

illumination variations and scaling are two greatest effects in making such 

varieties of the number of matched keypoints since both illumination variations 

and scaling have a great consequence on changes of pixel intensity values in each 

input image. 
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As seen in Figs. 4.14, 4.15, 4.16 and 4.17, above, CPs extracted from left and 

right posts of the wire fence are on the human –made template. As long as the CPs 

are on the template, the CPs are acceptable to be used in registering the reference 

image and one of input images. When the CPs are outside of the template, the CPs 

are not suitable to be utilized for image registration since they will make a large 

error in image transformation and resampling. 

 

Table 4.2 Summarization of matched keypoints extracted from left and right posts 

of the wire fence in each input image 

 

Matched Keypoints Input Image (II) 

Left Post Right Post 

   

1 44 19 

5 41 16 

9 44 25 

   

2 31 11 

6 28 12 

10 31 14 

   

3 18 15 

7 20 22 

11 11 11 

   

4 23 16 

8 20 14 

12 17 15 

 

 

4.5 Concluding Remarks 

Extracting automatically CPs for image registration in multiple images of the 

same outdoor scene containing fence wires captured by a mobile camera from 

slightly different positions, angles and at different times is a difficult task. 

Background clutter of the outdoor scene, camera movement, illumination 

variations and tiny fence wires are factors that make the CPs extracting task 

becomes very difficult. In addition to the effect of tiny fence wires, tiny fence 
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wires can divide a big object behind the wire fence into several small objects and 

fence wires are natural objects with less local features.  

The template-based matching approach using the SIFT operator has proven 

that it can be used to extract CPs from these kinds of multiple outdoor images. 

The success depends on choosing the human-made template. The human-made 

template must contain potential features that are invariant towards scaling, 

rotation, affine projection and illumination variations. These kind features can be 

founded in corners of a big building. This is the reason of choosing a building as 

template in this research. 

Natural templates that can be extracted from the outdoor scene such as posts 

of the wire fence, trees, buildings or objects on background may not be the best 

option for this research because these natural templates contain fewer features. 

Possibility of using these natural templates will be further explored in the future 

study. In addition, sizes and intensity values of these natural templates change 

significantly because of camera movement and varying illumination. As a 

consequence, intensity-based methods may fail to extract CPs in these kinds of 

multiple outdoor images. 
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