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ABSTRACT

Corners are important image features whose detection is very
important in many computer vision tasks. In this paper we
have evaluated the performance of five intensity based corner
detectors with the help of a dozen test images, artificial and
real, based on six performance measures of which three are
proposed by us. We then propose a new approach, using bit-
plane decomposition, in which a grayscale image is first
divided into several bit-planes, and then the original corner
detectors are applied on all the bit-planes simultaneously and
finally using a threshold, all the higher bit-plane corners are
recombined up to the thresholded bit-plane to obtain the final
set of corners. Using this approach, we have seen that the
performance of the algorithms has improved significantly
with respect to both detection and time.

1. INTRODUCTION

Corners in an image are those points where a strong two-
dimensional intensity change has been observed in all
directions. So, corner detection is regarded as a very
important research area for many applications in computer
vision such as scene analysis, image registration, image
matching, object recognition etc. Since 1977 vision
researchers developed a number of corner detection
algorithms. The performance of a corner detection algorithm
depends on the four factors — accuracy, consistency,
efficiency with respect to time and robustness with respect to
noise. Zheng et al [14] and Mokhtarian et al [9] provided are
good literature survey of the existing corner detectors.

Corner detection algorithms can be roughly divided
into two categories: boundary based and intensity based. In
this paper we restrict ourselves only to intensity-based
methods. Moravec [10] detected corners at the locations
where a significantly high intensity variation is found in all
directions. Kitchen and Rosenfeld [6] derived a cornerness
measure by applying differential operators consisting of first
and second order partial derivatives of an image to detect
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corners. Harris and Stephens [5] estimated the cornerness
measure based on local autocorrelation using first order
derivatives. Deriche and Geraudon [7] detected corners using
a scale-space based approach that combined important
properties from Laplacian and Beaudet’s [2] cornerness
measures. Wang and Brady [13] proposed a corner detection
algorithm based on the cornerness measurement of the total
surface curvature. Smith and Brady [11] proposed SUSAN
corner detector using the concept that each image point is
associated with a local area of similar brightness. Laganiere
[7] presented a morphological corner detector. Trajkovic and
Hedley [12] presented a fast corner detector using a mutigrid
approach. Zheng, Wang and Toeh [14] presented an extended
version of Plessey corner detector. Golightly and Jones [4]
presented an algorithm for both corner detection and
matching for visual tracking of power line inspection.
Mikolajezyk and Schmid [8] proposed a scale and affine
invariant corner detector. Alkaabi and Deravi [1] presented a
fast corner detection algorithm based on pruning candidate
corners.

In this paper we have considered five intensity based
methods proposed by Moravec (Al), Kitchen and Rosenfeld
(A2), Harris and Stephens (A3), Laganiere (A4) and Alkaabi
and Deravi (AS) and observed their performances on a set of
dozen images on the basis of six performance measures of
which three are proposed by us and three are taken from the
literature [4, 9]. We have next proposed an extension to each
of these five algorithms using bit-plane decomposition and
observed from the graphs that the performance of each of the
algorithms has significantly improved. The algorithms BPAI,
BPA2, BPA3, BPA4 and BPAS are the bit-plane extensions
to Al, A2, A3, A4 and A5 respectively as referred in the
graphs (Graph — 1 to Graph — 4).

This paper is organized as follows. In Section 2, we
briefly describe the bit-plane decomposition technique. In
Section 3, we discuss our proposed approach. Experimental
results are then presented and compared with the original
version of the algorithms in Section 4. We, finally, draw our
conclusions in Section 5.
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2. BIT-PLANE DECOMPOSITION

A bit-plane is a set of bits having the same position in the
respective binary numbers. The first bit-plane gives the
roughest, but the most critical approximation of values of a
medium. The lower the number of bit-plane, the less is its
contribution to the final stage. A grayscale image containing a
maximum of N gray levels can be decomposed into log,N bit-
planes, where N is a power of 2. Our method of
decomposition of a grayscale image into several bit-planes is

very simple. If F(x, y) is a grayscale image, where 0 < F(x, y)
< N-1, then

1 LiIfF(x, y) A2 #0.
Bi(x,y) =

0 , otherwise.
where, B; (X, y) is the i" bit-plane and i = 0, 1, 2, ..., log,N
and A is bitwise AND operator.
So, the grayscale image is a sum of a number of bit-planes
(binary image planes), weighted by their respective grayness
(Fig. - 1).

Bit-plane 1 (Least significant)

_- Bit-plane 8 (Most significant)
Eye . : . .
Fig. 1: Bit-plane Decomposition (Numbers on the box indicate
grayness weights of each bit-plane)
3. OUR APPROACH

In the literature we have found a number of corner detection
algorithms that gave multiple responses for a particular corner
in a small neighborhood of that corner. This is basically due
to the inherent digital nature of the image. Since corners are
the image locations with high information content, they
correspond to higher bit-planes. So the pixels belonging to the
lower bit-planes only are treated as noise. This is the
underlying philosophy of our approach. After the
decomposition of the grayscale images into eight bit-planes

(binary images), we use an original gray-level corner

detection algorithm on all the bit-planes instead of any binary

(or boundary-based) algorithm. This is because any

boundary-based corner detector requires close boundaries (or

contours) and some manual intervention, which will take
more computational time. We describe below the improved

“bit-plane decomposition” approach for corner detection.

1. Decompose the input grayscale image into bit-planes.

2. Perform original corner detection algorithm on all bit-
planes simultaneously to obtain the corners in all bit-
planes together.

3. Count the number of corners in each bit-plane and
observe that the count across bit-planes, from lower to
higher, suddenly goes down a steep ramp (Fig. -2).

4. Threshold at this point to ignore all the lower bit-planes.
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Number of corners vs. Bit-plane number
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Fig. 2: Position of threshold point
5. Recombine all the higher bit-plane corners up to the
thresholded bit-plane by simply OR-ing them.

6. Perform non-maxima suppression to obtain the final set
of corners.

4. RESULTS

In this section we compare the performance of original corner
detection algorithms with our proposed extended versions
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using “bit-plane decomposition” with the help of a dozen test
images (Fig. — 3), synthetic and real, on the basis of six
performance measures. Out of these six measures, we have
proposed the following three:

(a) Detection Gradient (DG) = (INg — Np |+ Ny + Ngl )/ Ny
(b) False Positive Ratio (FPR) = Ng/ Ny

(c) False Negative Ratio (FNR) = Ny, / N

where Nj,, Np, Ng and Ny denote total number of actual
corners present in the image, number of truly detected
corners, number of extra (false positive) corners and number
of missed (false negative) corners respectively. The other
three measures taken from the literature [4, 9] are:

(a) Replica

(i) Road - a

4 ,
¥ ]

(a) Mokhtarian and Mohanna’s Accuracy Measure (ACCU)
(b) Golightly and Jones’ Detection Rate (DR)

(c) Golightly and Jones’ Error Rate (ER).

The results for all the measures are neatly shown with the
help of graphs. And from the graphs we have observed that
for our extension to the original corner detection algorithms
significantly improves the performance of the corner
detection algorithms with respect to detection. Due to scarcity
of space, we cannot include the graphs for false positive ratio
and false negative ratio which also reinforce our concept. In
the graphs, the algorithm BPAI1 indicates the bit-plane
extension to the algoritm Al and so on.

(c) House (d) Truck

(k) Road - ¢ () Road -d

Fig. 3: Test Images (a—1)

5. CONCLUSION

In this paper, we have presented a new approach using “Bit-
plane Decomposition” to improve the performance of the
existing corer detection algorithms. Our approach consists of
decomposition of the grayscale image into eight bit-planes
(binary image), performing the existing corner detection
algorithms simultaneously on all bit-planes to extract corners
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in each bit-plane and finally the desired set of corners is
obtained by recombining the higher bit-plane corners up to
the thresholded bit-plane followed by non-maxima
suppression. The superiority of our approach over the original
corner detectors can be seen with the help of any of the
graphs. Our approach is also very fast because we operate the
corner detection algorithms on binary images (bit-planes)
instead of grayscale images.
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Graph - 1: Detection Gradient vs. Algorithms (The lower the value, the better is the performance)
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