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Abstract. Corner detection is an important step in applications of object recognition,
scene recognition, and stereo vision, among many others. The purpose of this paper

to present a corner detection method for scene recognition in autonomous

navigation of mobile robots. The proposed method is based on thirty windows to

find possible corners. Some of the proposed windows are taken from fingerprint
recognition papers and other are derived in this paper. The set of windows are used

through a matching process to detect corners presented in the image under analysis.
Results of the proposed method yield better quantitative and qualitative results
compared with the Harris and SUSAN methods. These results can be used by a
pattern recognition system for scene recognition.
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1 Introduction

Corner detection is used in areas such as robotics, medicine. In robotics, it is used for

data fusion, navigation, and scene recognition [1]. In medicine, it is applied for image
registration such as x-rays, ultrasounds, and medical diagnostics [2]. In other

applications, corner detection is used for object recognition, stereo vision, motion
detection, among many other usages [3] [4].

Corners are the features more abundant in images of the real world, in contrast to

straight lines [5]. For this reason, the use of corners is commonly found in tasks such as

image matching. One of the advantages that corners offer is that, if we have images of the

same scene, although taken from different perspectives, we will find almost the same

corners, which is a good feature for image registration. That in turn will provide
information for navigation of mobile robots. There are different definitions for what it is

considered a ‘corner'. F. Mokhtarian and R. Suomela, in [6], explain that the points of

corners in an image are defined as points where the contour of the image has its maximum

curvature. Juan Andrade-Cetto, in [7], mentions that corners are one of the most simple
features which can be extracted from an image, and define corners as those points in an
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image where there is change in the intensity in more than one direction. Krishnan

Rangarajan, et al. [8], describe a corner as the point of union of two or more straight lines.
In this paper, a corner is considered accordingly to the definition of Rangarajan. Based on

this consideration, the proposed method described in this paper locates corners based on

corner window analysis.
The paper is organized in the following sections. In Section 2, some of the more used

methods for corner detection are discussed. Section 3 provides a general glance of the

method proposed in this paper for corner detection. Sections 4 and 5 describe the main

steps of  the corner detection method. Results and conclusions are presented in Section 6.

2 Corner detection methods

The methods for the detection of corners can be divided in two groups: those which

can accomplish the detection from the image in gray scale, and those which first detect

edges and then detect corners. Among the methods of the first group, the most mentioned

in the literature are the method of SUSAN [9] and the method of Harris [10]. The method

of SUSAN differentiates from other methods in that it does not compute the derivative of

the image under analysis and that it is not necessary to reduce the noise that could be

present in the image. It uses a circular mask which scans the whole image, comparing the

gray levels of the central pixel in the mask and the rest of the pixels inside the mask. All

the pixels with a gray level equal to the central pixel level are considered as part of the

same object. This area is called USAN (Univalue Segment Assimilating Nucleus). The

USAN area has a maximum value when the center is in a plain region of the image, a
mean value when it is on an edge, and a minimum value when it is on a corner.

The method of Harris is more sensitive to noise because it is based on the first

derivative of the image. However, it is invariant to rotation, translation and illumination,

which give it advantages over other methods. This method uses a window which scans the

image and determine sudden changes in gray levels which results from rotating the
window in several directions.

Among the second group of corner detectors, which use any method of edge detectors,
we can mention the one of X.C. He and N.H.C. Yung [11]. They use the method of
Canny and indicate the steps to follow for the detection of corners calculating the
curvature for each edge.

Other authors use windows for corner detection from edge images, such as K.
Rangarajan et al. [12]. In a similar way, G. Aguilar et al. [13] compare images of finger
prints for the identification of persons using 3x3 windows. On those, they propose
different bifurcations to be found, which we could call 'corners'. W. F. Leung et al., [14],
use 23 windows of different bifurcations and 28 different windows of other type of
corners for their detection in the finger print image using neural networks. The method
described in this paper is based on the second group of corner detectors. Those which first

apply edge detection and then detect corners using windows over the edge image. The
next section explains the corner detection process developed in this paper.
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3 General Description of the Corner Detection Method

The process for corner detection is shown in Figure 1. The original image I(x, y) is

convolved with a Gaussian filter G to remove noise that could be present in the image,

yielding the image 1,(x, y). A gradient operator and a threshold to determine the edges

are applied to the image 1,(x, y). These two operations correspond to the edge detection

using the method of Canny. The Canny method was used because it yielded better results

than the Sobel and other common edge operators. The resulting image 1(x,  y) is

convolved (*) with 30 corner detection windows, we of order 3x3, to detect the corners
present in the image. The resulting image I(x,y) contains the corners found.

W

W2

I(x,y) 1,(x,y) Ib(x,y) W3 Ie(x,y)

W30

Fig. 1. Corner detection process.

4 Corner Detection Method

4.1 Corner detection windows

The papers from G. Aguilar [13], and W.F. Leung et al. [14], coincide in that there are

different types of bifurcations or corners, that we call them, Y's, V's, T's, L's, and X’s,

accordingly to the form they take, as shown in Figure 2. Based on the similitude of these

corners with fingerprint marks it was decided to investigate the possibility of using a

unified theory between fingerprint recognition and scene recognition. Thus, from the
finger print recognition works, some windows were chosen to detect corners. These

selected windows plus other proposed in this paper make a set of 30 windows. Each

corner detection window, we, is a 3X3 mask and some of their structures are illustrated in

Figure 3.
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Fig. 2 Type of corners.

W W2 W3 W4 W 21

1 1

1

W 22 W23 W 24 W 25 W 26

W 27 W 28 W 29 30

1

Fig. 3 Proposed corner detection windows.

The set of w. windows is composed as follows. Windows w1, w2, w3, and w4, are four

windows modified from the work of Leung at al. [14]. The modification consists on the

aggregation of one pixel because they try to find terminal points and in our case we look
for crossing lines. The extra pixel is darkened in these windows. Windows ws to w20 were

also taken from Leung. The windows W17 to W20 appear in Aguilar et al. [13]. The subset

w21 to w3o are windows proposed in this paper. The proposed windows were defined by
analysis of the corners usually found in the set of images considered in this work.

4.2 Corner detection

Corner detection is achieved through a windows matching process. The image is
scanned with the different corner detection windows we, trying to match the window
corner shape with the edge pixels. Assuming a 3X3 neighborhood and two possible values

{0,1} for each pixel, the number of permutations is 2º = 512.  The values 2" for n=0,1,...,
8 can be considered as weighting values to generate a generic weight matrix T,, starting
at p(1,-1) as shown in Figure 4.
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Fig. 4. Generic weight matrix, Tn.

Using the generic weight matrix 7, each w₂ can be associated with an index window B,

obtained by

T: wВ, for c,i=1,..,30 (6)

(7)B=wxT

where the multiplication is an element by element multiplication and not a matrix
multiplication. In this way, each w. window is related to a index window B₁. In the same

way, each index window B, can be associated to a total weighting factor a obtained by
equation (8).

a=1+b. (8)

where the b, correspond to the weighting factor in B. Figure 5 illustrates the

computation of the index window B2g and the total weighting factor a28 of the window

W28. Once the main definition of the proposed methodology has been defined, the steps to

detect the corners are now described.

Corner detection of a scene is accomplished by the next steps. First convolve the

binary Canny result image I(x,y) with the index matrix B,

I(x,y)=1,(x,y)*B,+1. (9)

This step yields the possible corners related to each corner window we. The next step is

to decide which of the possible candidate pixels in each Ia(x,y) is a corner that

corresponds to we. This process is realized scanning the I(x,y) and assigning a pixel value

according to

1
P(x,y)=

Pa(x,y)=α,
otherwise

256 32
이 이

128 16 2
이 이 00

64 8 1
0 0 1

W28 T" B28 028=80

(10)

Fig. 5. Computation of the index window B2g and the total weighting factor α28 of wW28-
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to produce a new set of images I(x,y)where pa(x,y) ∈ I(x,y) and

pa(x,y)∈l(x,y). The value 1 indicates that the pixel pa(x,y) is a corner of the type w.

This process ends up with 30 binary images that indicate the position of the different type
of corners. The final step consists on the union of the I1(x,y)images to produce the final
corners

30

IFC(x,y)= Ulei(x,y).
i=1

(11)

5 Results

The proposed method was tested in semi-artificial scenes as well as with a set of real
scenes. The purpose of using semi-artificial scenes is to obtain a correct performance

measure of the proposed method, which will be hard to compute in real (noisy) scenes.
These kind of images allows to compute false positives and false negatives detections in a

simpler form and to achieve an analysis of these cases. A semi-artificial image is a
simplified image extracted from a real scene. Figure 6 shows the semi-artificial version of
three scenes.

Results of the application of the proposed method to the scenarios are shown in Figure

7. The first figure indicates the corners to be detected and the second the detected corners

by the proposed method. There are 32 corners to detect in scene 1. The method detects 36

corners, therefore there are 4 false positive detections. The scene 2 contains 42 corners.

The method found 40 corners, and there are 2 false negatives corners. In the scene 3 the
method detected 61corners, 6 of them are false positives. These results yield 98.45% of

real corner detections, 7.75% of false positive detection, and 1.56% of false negatives.
The results of the Harris method using the same scenes are 96.9% of real corner

detections, 33.33% of false positive, and 3.1% of false negative. Comparison with the

SUSAN algorithm is not possible because it requires gray level information. A qualitative

comparison will be given over the original images later on.

Fig. 6. Semi-artificial scenes, 1, 2 and 3.
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a)

b)

Fig. 7. a) Corners to be detected and b) the corresponding detected corners by the proposed method
for scenes, 1, 2 and 3.

False negatives are mainly due to corners that do not match exactly to any we. False

positives tend to appear as a consequence of multiple corner detections. This is because
more than one w, make a match with the image edge structure close to the corner. Figure
8 shows two multiple detection due in scene 1. Figure 8b illustrates the corner structures
that make a match with the w5, and wg, windows.
The final results commented in this work are related to the comparison of the proposed

method with the Harris and SUSAN methods applied in real scenes. Figure 9 show the

corners detected by Harris (a), SUSAN (b) and the proposed method (c).

WS W8

Fig. 8. False positives in scene 1.

It can be observed that, in general, Harris and SUSAN tend to detect more corners than

the proposed method. However, the false positive rate is assumed to be very high, as

proved with the semi-artificial images using the Harris method. Considering that corner

information is used for robot navigation, high rate on false positives may lead to
complicate more the scene recognition than the lack of some corners.

6 Conclusions

The proposed method has a better quantitative performance on semi-artificial scenes
than the Harris method; and a better qualitative performance, with real scene images, than
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the Harris and SUSAN methods. Scene recognition using features obtained from the

detected corners presents preliminary acceptable results in a neural network scene

recognition system like in [15]. The performance of this system is around 85% of correct

recognition considering 10 different scenes considering different distance and

orientations, four of them very alike, which makes the recognition harder. Future work

includes more feature extraction experimentation over the detected corners, and the design

of new scene recognition systems.

a) b) c)

Fig. 9. Corner detection by a) Harris b) SUSAN and c) Proposed method.
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