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Local invariant object localization based on a reduced color space
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Abstract: - Invariant object localization is one of the challenging tasks in computer vision research. In this
paper we present a robust rotation and scale invariant object localization method. A local Gabor filter space is
treated as core of this method. Image rotation and scaling operations were transformed into shift operations
along the Gabor filter space dimensions. This property enables efficient scale and rotation estimation without
segmentation. The used Gabor Filter can deal with complex input data. This feature is used to analyze color
images by reducing the color space. The method was tested with two standardized image databases and our
own image database. Besides a good quality in localizing rotated and scaled objects, the method has a strong
robustness against variations of lightning conditions and 3D viewpoint changes.
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1 Introduction

Object localization in a real world environment is
one of the most challenging problems in computer
vision. This paper describes a feature space that
allows an efficient match of scaled and rotated
objects.

This work based on the publication of Ville Kyrki
and Joni Kristian Kamarainen[1], who introduced a
Gabor feature space and used it for facial feature
extraction. In this feature space scaling and rotation
are transformed to shifts which can be simply
handled. The proof that rotation and scaling can be
transformed into shifts in this feature space was
introduced in [1] and completed by us in [2].

In [3], we examined this feature space and
determined the suitable parameters of the feature
extraction. Based on the results in this paper a
localization method for objects is described. The
applied methods were tested under different
environment conditions.

2 Gabor feature space

A number of authors are using a set of Gabor filters
to extract local image features. Key applications are
face recognition [4] and texture segmentation [5].
Basically an input image is convolved by a
collection of 2-D Gabor functions and the
convolution results for each pixel are stored as a
feature vector.

2.1 Gabor filter

2D Gabor filter cores are characterized by equation
%)
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The filter function can be interpreted as a damped
complex wave. The parameters describe the
expansion in x and y direction (oy, o), the
orientation of the complex wave 0, and the
frequency o,. The decomposition of rotation and

scaling as independent values can be handled by a
Gabor filter with restricted parameters [1], [2].
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2.2 Gabor filter bank
Using Gabor fiters for a special application normally
requires a variation of o, and 0, to extract significant

: I
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features. The convolution results of a set of Gabor
filters (Gabor filter bank) from a given image can be
represented as a matrix where the rows are formed
by variations of 0, and columns by variations of .
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Fig.1 Result of a Gabor filters convolution

Fig.1 shows the real part of the filter functions and
the magnitude of the convolutions. Like formula (3)
the convolution results for each pixel can be
combined to a matrix (Fig.2). This matrix is
described as Jet matrix.
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Fig.2 Jet matrix of an image pixel

The Jet matrix can be interpreted as a discretization
of a feature space spanned by o, and 0,. This feature

space is defined as Gabor feature space.
The parameters of the sample points are calculated
by formulas (4) and (5). The formulas are based on
theoretical [1], [2] and experimental results [3].

2 .
o, =2 with m = {IM} M>1 (4)

T

Formula (5) restricts 0, to the range 0 to m. Due to

the symmetry properties (6) of the Gabor filters with
restricted parameters (2) this range is sufficient.

gy (%,y,0,0,)=gy (x,y,0,,6, +) (6)
As described in [1] and [2] scaling and rotation of an
environment changes the associate Jet matrix by shift
operations. By negletion of signs from the imaginary
values in the Jet matrix, rotation of an environment

is transformed into circular shifting in the associate
Jet matrix.

2.2 Fast computation

The calculation of each Value in the Jet matrix
requires a complex convolution operation. A
realization of this complex convolution with 2D
filter structure is less efficient. The operation can be
accelerated by making use of the separation property
of the Gabor filters. So the 2D filter structure can be
transformed into two 1D filter structures. This results
in a better performance. A further improvement can
be found by realizing the convolution via FFT. At
least the fastest algorithm wused here was the
recursive Gabor filter [6]. This algorithm works with
linear complexity. On our test system (P4, 2.66 GHz,
512MB, WinXP, VS.net 7.1) the recursive Gabor
filter was approximate two times faster than an
optimized FFT based [7] convolution.

3 Color image analysis

The original localization system was operating with
grayscale images. Values in grayscale images vary
only along one dimension.

Color images are based on different color systems
depending on application. Practical color spaces are
dealing at least with 3 dimensions. So grayscale
images can be interpreted as dimension reduced
color images.

Due to the fact, that the used Gabor filter algorithm
can handle complex input data with little additional
effort not only grayscale images can be processed.
The reduction of the color space from 3 dimensions
to 2 dimensions is less radical then reducing the data
to one dimension. So more information can be use
for object localization with little additional effort.
The dimension reduction is carried out under the
condition to lose minimal information about the
reference object. Therefore the reference object is
examined by Principal Component Analysis
(PCA)[10]. PCA is a linear transformation that
allows a dimension reduction under minimal lost of
cumulative variance. Variance is a measure for the
information content.

By inverse transform the resulting information

content of the dimension reduction can be clarified.
7 4 3
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Fig.3 Original and image after dimension reduction
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In Fig.3 an example for a dimension reduction with
PCA is shown. The right image is the result of the
inverse transformation of the dimension reduced left
image. The mean relative error is 2.46%.

For object recognition only the object information
must remain. Therefore the reference object is used
for calculating the transformation parameters.

The calculation effort for the search image is
described by only 6 multiplication and 6 addition
operations per pixel.

Fig.5 Grayscale and reduced color space search
image

Fig.5 shows a comparison between information
content of grayscale image and reduced color space
image. The sign in the reduced color space image has
a strong contrast to the background.

4 Object localization

This object localization method is using only two
images, a reference image with the reference object
and a search object in a search image, which can be
scaled and rotated. First of all, significant points of
the reference object have to be marked. The
positions of these significant points and their Jet
matrices will be extracted. The complete object
localization is based on this information.

The procedure itself is described within three
subsections. The first subsection deals with the
localization  estimation of significant point
environments in the search image. The second

subsection shows that prefiltering results in a better
performance for localization estimation of significant
point environments. The last subsection describes
how the estimated point localization is used for
object localization.

4.1 Environment localization

The matching of the reference object in the search
image is done by the comparison of Jet matrices. For
that all shifts between the Jet matrices are checked to
determine the shift with maximum correlation.

For robust localization under various scales it's
important to compensate the shift in scale direction
of the Jet matrices. This will be done by a reference
Jet matrix which was expanded. In rotation direction
this isn't needed because the signs of the imaginary
parts are ignored and so the Jet matrix is circular
shifted in rotation direction.

The scale range can be calculated by the amount of

additional rows K
K

Scale: S=2 2 ...1 @)
4.1.1 Standardized complex cross correlation
The standardized complex cross correlation of two
Jet matrices JR and JS is calculated by formula (9).

The size of the search matrix is MxN. The size of the
reference matrix is (K+M)xN.
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Formula (9) takes into account that the signs of the
imaginary parts are ignored. The modulo function is
needed for circular shifting. The size of the output
matrix C is (K+1)xN.

The maximum of absolute values in C is a similarity
measure with ranges between 0 and 1 where 1 means
identical. The shift of the maximum corresponds to
the shift of the Jet matrices and therefore to the
rotation and scale parameters between the matched
environments.

The calculation of the cross correlation is effortful.
The sum of the reference Jet matrix in the
denominator is equal for all Jet matrix comparisons
and therefore it must be calculated only once. The
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sum of the search Jet matrix in the denominator is
independent of m and n, and therefore it needs to be
charged again for every Jet matrix only once.

The large computation effort arises from the sum in
the numerator. This must be calculated m x n times.
An acceleration of this method was found by
correlating of the mean average values. The
procedure can be used for shift estimation but the
cross correlation result isn't selective enough as

similarity measure.
N

M M X
Z( . JSA” ’Z JRAi+m,(j+n)m0d(N)+l J

2 M N
’ Zl: Zj: ‘JRAi+m,(j+n)mod(N)+1

C — J
m.n M N
\/ZZJSAM
1 ]
To solve this, the cross correlation for the estimated
shift calculated by formula (8) is used as similarity
measure. This method is approximately 3 times
faster than the cross correlation without shift
estimation and the results are almost equal (Table 1).

(10)

2

4.1.2 Test of the environment localization
methods

The test dataset consists of images from the SIPI
Image Database [8], the Surrey Object Image Library
(SOIL) [9] and own images.

Reference images from each images library were
selected. From this reference images 800 search
images were generated by different rotation and
scale values. Extra search images were generated by
changing the 3D viewpoint position. In each test
images 2-5 significant points were marked. Each of
these significant points was searched in the associate
search images. The test dataset contained 2000
positions which should be found.

The results are shown in table 1. The size of the
reference Jet matrices was 9x6 and the size of the
search Jet matrices 6x6. Best results are given by
standardized complex cross correlation on color
images.

determination
procedure
Method best best of
point five
complex cross correlation 1839 1933

based on color images
complex cross correlation
based on color images 1817 1915
with estimated shifts
complex cross correlation
based on grey images
complex cross correlation
with estimated shifts
Table 1: Comparison of environment localization
methods

1621 1687

1602 1653

Two different determination procedures were used.
Best point function checks the correctness of the
point position with the greatest similarity measure.
The Best of five points function checks whether one
of the estimated best five points meets the correct
position.

4.2 Prefiltering
Before starting the search, areas which are unusable
for object localization should be cut out. Due to the
reduction of comparisons this results in better
performance.
The object localization method is based on
localizations of significant points. Each Jet matrix
contains  information about distribution of
frequencies inside a local environment. This
information can be used to classify unique
environments.
Edges and uniform areas are nearly unrecognizable.
This is because edges and uniform areas aren't
unique. Along edges as well as inside uniform areas
local environments are almost identical.
So the prefiltering is a rough classification between
unique and non unique environments. This
classification is possible by evaluating the Jet matrix
distribution.
Fig.6 shows representative Jet matrix distributions
for edges, unique environments and uniform areas.
i 0

Fig.6 Jet matrix of arbitrary positions in image

Fig.6 shows a significant feature of an edge. In a
wide frequency range one dominant direction exists.
The Jet matrices of unique environments have
random distribution. A uniform area which is shown
in Jet matrix 2 is characterized by small values.
These criteria can be used for the classification of
unique environments.

The classification was tested through different
feature: contrast, variance, mean, row variance etc. A
lot of features provided good results. Often two
features were necessary to suppress edges and areas.
The Minimum Column Variance was used at least.
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This provides good results; the characterization Referenz Object with
value can simply be calculated and suffices as a marked points
feature for the classification of a Jet matrix.

Search Results

Column mean:

1 M
m, :HZ:JSAL“ (13)
Column variance:
1 & 2
A :ME(JSALn—mn) (14)
Column variance vector:
V=[Vl v, e VK] (15)
Minimum Column variance:
mev=min (V) (16)

4.3 Object localization

In chapter 3.1 the environment localization of
significant points was introduced. The object
localization is based on the selection of more T TTTL T §
significant environments. YHTA
The localization uses a hierarchal structure for fast
object localization. The level of the hierarchy
denotes the number of significant points commonly
assigned between environments in reference and  |[Fig.7 Test images from the SOIL-47 Database
search image. Each assignment reduces the search ‘
area in the next level.

If the search fails in the current level, the search
procedure returns to the previous level and selects a
new assignment. A search fails if the value of the
cumulative correlation of all assigned environments
in reference and search image will be below a certain
level.

Localization of partially hidden Objects can simply
be handled by the limitation of searched
assignments. The hierarchal approach accelerates the
comparison of the Jet matrices, too. The estimated
scaling and rotation value of the previous assigned
points reduces the potential shift values which must w=
be considered in the Jet matrices.

?Q_}\ DARK RYE
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OO 0%
——E

5 Examples for object localization

This chapter shows the object localization of
different objects. For the better comparison all
images are scaled to 40% of original size.

The object localization is nearly rotation and scale
invariant, can localize overlapped objects and is
robust against 3D viewpoint variation and different
lighting.

All object localizations were made with the same
parameter values. The size of the reference Jet
matrices was 9x6 and the size of the search Jet
matrices 6x6.
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6 Conclusion

As shown in chapter 4, the Jet matrix based object
localization method provides excellent results. The
object localization is robust and flexible. Different
object localization problems can solved without
changing the parameters. By use of color
information the object localization can be improved
with little additional effort.

On our test system (P4, 2.66 GHz, 512MB, WinXP,
VS.net 7.1) object localization in an Image with
320x240 Pixel needs approximately 0.5 sec. The
calculation of the Jet matrixes takes approximately
70% of the complete calculation time. The Gabor
filter convolution algorithm in use can be accelerated
by parallel computation. Current research activities
are dealing with the transformation of the Gabor
filter algorithm into Field Programmable Gate Array.
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Fig.9 Test images from our database
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