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Abstract

In this paper, we propose a method of object recog-
nition and segmentation using Scale-Invariant Feature
Transform (SIFT) and Graph Cuts. SIFT feature is
invariant for rotations, scale changes, and illumina-
tion changes and it is often used for object recogni-
tion. However, in previous object recognition work
using SIFT, the object region is simply presumed by
the affine-transformation and the accurate object region
was not segmented. On the other hand, Graph Cuts is
proposed as a segmentation method of a detail object
region. But it was necessary to give seeds manually.
By combing SIFT and Graph Cuts, in our method, the
existence of objects is recognized first by vote process-
ing of SIFT keypoints. After that, the object region is
cut out by Graph Cuts using SIFT keypoints as seeds.
Thanks to this combination, both recognition and seg-
mentation are performed automatically under cluttered
backgrounds including occlusion.

1. Introduction

Object recognition is one of the important research
fields to realize cognitive ability of the computers, and
is expected to be applied to Robot eyes or head mounted
display. Recently, manual retrieval and classification of
the image become difficult as volume of data becomes
huge. Therefore, the importance of the object recogni-
tion by the computer has increased.

The problem in the object recognition is to deal with
the rotations of the object, scale changes, and illumi-
nation changes. Moreover, there is the problem of oc-
clusion, and these make the object recognition difficult.
SIFT was proposed by Lowe as a robust feature for
these problems [1], and the object recognition method
which uses SIFT is also proposed [2]. But it could not
segment the object region.

About segmentation, Graph Cuts that solves the seg-
mentation problem as an energy minimization problem
was proposed. In Snakes [3] or Level Set Method [4],
it calculates the local minimum solution of the energy
function at a boundary. On the other hand, since Graph
Cuts defines the energy function in both boundaries and
regions, it can calculate global minimum solution and
can perform better segmentation. Boykov proposed In-
teractive Graph Cuts which performs energy minimiza-
tion using Min cut/Max flow algorithm [5]. However,
it was necessary to give seeds manually before starting
the segmentation.

In order to solve these problems and to carry out
both recognition and segmentation automatically, we
proposed to use SIFT keypoints as seeds of Graph Cuts.
Accordingly, object recognition and segmentation can
be performed without giving seeds manually.

2. SIFT and Graph Cuts

2.1. SIFT

2.1.1. Keypoint detection. Keypoints are detected
by DoG image D(x, y, σ) which is the difference of
smoothed images L(x, y, σ). L(x, y, σ) is obtained
from the convolution of variable scale Gaussian with
the input image I(x, y).

D(x, y, σ) = L(x, y, kσ) − L(x, y, σ) (1)

L(x, y, σ) =
1

2πσ2
exp

(
− x2 + y2

2σ2

)
∗ I(x, y) (2)

It is performed between different scales σ, and num-
ber of DoG images are obtained. Local extremes are de-
tected from these DoG images by comparing 26 neigh-
borhood of a pixel within a set of three DoG images,
and if it is an extremum, the pixel is detected as the
keypoint.
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The recognition accuracy was evaluated by recall
and precision. The segmentation accuracy was evalu-
ated by error rate to correct mask data as shown in Eq.
(13).

Err[%] =
(

miss detected pixels in the object

all pixels

+
miss detected pixels in the background

all pixels

)
×100 (13)

(a) Matching rate (b) Recognition rate

Figure 4. Matching and recognition rate to
angles

4.2. Experimental result

The results of the recognition accuracy and the seg-
mentation accuracy are shown in Table 2 and Table 3.
Success examples of the segmentation are shown in Fig.
5.

Table 2. Recognition accuracy
　　 Recall　　 　　 Precision　　

0.81 1.00

Table 3. Segmentation accuracy
Object region
error[%]

Background re-
gion error[%]

Total error[%]

3.73 6.21 9.94

5. Conclusion

This paper proposes the method of both object recog-
nition and segmentation. In our approach, the object
is previously recognized by voting process, and seg-
mentation is carried out successively using SIFT key-
points as seeds. Accordingly, we succeeded in cutting
out detailed object region even if it is the technique that
used local features. Moreover, since the correspondence
points are taken by SIFT, it is not necessary to give some
seeds manually in Graph Cuts. However, if there are
few keypoints, the accuracy of recognition and segmen-
tation will fall down. And the computing time increases
when the number of models increases. We will consider
about these problems in the future.

Figure 5. Segmentation result
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