170 Felof Bl 379 3|W ¥ SFg ofxjof fE 3 A Yo S8 1&529 EX UM g4

== 2008-45CI-6-21

Felol BdAe) 2719 3 B 54E AAo] dig 3 A4
AR 83 ng & B4 A

( High Performance Object Recognition with Application of the Size and
Rotational Invariant Feature of the Fourier Descriptor to the 3D
Information of Edges )

* Y * ~ % <] w3 * = Kk ok
<} g,ﬁ%ﬁ’o]%i,(ﬁgﬂ_\g’ﬂd/\ 7l 2 u

G 7 8 5., m o i

(Shi Wang, Hongxin Chen, junho I, Haiping Lin, Hyongsuk Kim, and Jongman Kim )

324 ARERY AGY AS FE31 Fe E";f&%}dl EAE JAE & e 1 289 A APEE Ads
A9 &L AN FE3 e FUE ¥ AW, ABY FFHRE A7 o, AP §FARE Achn
SeiEtE A9 A7)y B vt} §go] ‘*E}XVI uﬂffﬂl A Q4o g71% didkes 2894 Rta o AL 24
A4 FRFL D oA 27 Tulel2F AHEEe & 3 A BARRERY AU A 4% Y53 2 7] 2
3)d 2HE Feld BA AE o83 %’—%2 ﬁﬁéf‘é}géﬂ, 28 oy Hojxd AVE YFE STt oJFA oA %iﬂ
of W@ Fejo] B AR vl FHlE Fo] A dlolH HlojAEZREH HH APHE BAE o AN o] &
22]F-& MPEGT Part B W@ 372 tlolg) #lo]28 qiyoz dgsigon, 20 dig A3E = A

b oo
m

Abstract

A high performance object recognition algorithm using Fourier description of the 3D information of the objects is
proposed. Object boundaries contain sufficient information for recognition in most of objects. Howeveer, it is not well
utilized as the key solution of the object recognition since obtaining the accurate boundary information is not easy. Also,
object boundaries vary highly depending on the size or orientation of object. The proposed object recognition algorithm is
based on 1) the accurate object boundaries extracted from the 3D shape which is obtained by the laser scan device, and
2) reduction of the required database using the size and rotational invariant feature of the Fourier Descriptor. Such Fourier
information is compared with the database and the recognition is done by selecting the best matching object. The
experiments have been done on the rich database of MPEG 7 Part B.

Keywords : 3-D restoration, Fourier Descriptor, Signature, MPEG 7 Part B

I. Introduction giving example or by sketching. Research on the

object shape is addressed in many areas of applied

The object’s shape is the primary low-level image sciences such as computer vision, artificial
feature, and simple for user to describe, either by intelligence and pattern recognition. To recognize

the  acquired object, shape analysis and
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Chonbuk National University) methods exist in the literature, which can be
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representation is the first but most important
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divided mainly into two approaches, namely, the
region—basedm] and the contour-based"” approach.
Compared with region-based shape representation,
contour-based methods are more popular. The
contour-based techniques tend to be more efficient
for handling shape that is describable by solely

boundary. Among the contour-based methods, three

ones are more popular, namely, global shape
descriptors ™ shape signatures" ¥ and spectral
descriptors™® ™! Among them, global shape

descriptors can only discriminate shapes with large

dissimilarities, therefore, it is usually suitable for

filtering purpose.
Shape signatures have been developed to
facilitate retrieval, however, they are sensitive

to noise and require intensive computation. To make
the retrieval
should be expressed again with further processing
using  spectral  descriptors Fourier
Descriptors(FD) and Wavelet Descriptors(WD) which

are two most important approaches
(18l

engine robust, shape signatures

such as
in spectral
. Among them, Fourier Descriptors are
for particular

. Wavelet Descriptors involve intensive

descriptors

widely used in
[19]

shape analysis
applications
computation in the matching stage since they are not
rotation invariant®”.

The proposed system is designed for rtobots
working in real time that requires fast processing
speed. Thus the FD method is utilized to enhance
shape signatures instead of WD. Differently from
previous approaches, our system acquires the object
shape not from images captured by camera or other
2-D but from the depth
information utilizing a 3-D laser scan device we
designed®™®.  Since depths of objects and their
background are significantly different, setting a
certain distance as the thresholding, even the tiny
details of object shape can be precisely obtained.

For the image retrieval, a rich database is also
a very important aspect. Huang et. al used complex
coordinates as shape signature and proposed a
two-stage retrieval 1ol; the

system
outline-based image retrieval and the hash-

approaches, object

image
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table-based image retrieval. However, due to the too
small database composed of only cartoons, the
retrieval result is largely irrelevant shapes. Although
detailed data about comparison on Precision and
Recall are reported[m
exists as that in Huang et. al's work, that is the
database is too small. To make the database more
credible, the MPEG-7 Part B that contains 1400
standard shapes is employed in this paper.

In the section I,
described. The proposed shape retrieval system is in

, the same shortcoming still

relevant technologies are

the section III. Also, the experimental results and the
conclusion are presented at the section IV and V
respectively.

II. Relevant Technologies
1. Fourier Descriptors

this FD
methods are described. For the shape signatures

In section, several representative
referred in this paper, we assume the boundary can
be denoted as an ordered sequence of N coordinate
((z@),y(t)) ,t=0,1,...,N—1)where t

usually means arc length.

points,

(1) Complex coordinates
Complex coordinates is simply the complex number
generated from the boundary coordinates:

z(t)=

In order to eliminate the effect of bias, shifted
boundary coordinates are used:

z(t)+iy(t) 1)

-z ) +ily®t)—y.] 2)

where (z,,y.) is the centroid of the shape
defined in Eq. 3.

s
c=—]\7§3 ®)

We use the Fourier coefficients, U{n) shown in
Eq. 4, to define a set of FD.
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The invariant feature vector also given as: Therefore, 1 always starts at zero and ends at -2
7. To make ¢ a periodic function, a linear term that
f=I U2)] 1T [TV=1)| I ) starts at zero and ends at +27 is then added to the
oI o)’ [u@)l

Translation invariance is achieved by discarding
the first one (n=0), scale invariance is brought by
dividing the other coefficients by the second one
(n=1), and rotation invariance is achieved by using
only absolute values of the coefficients.

(2) Curvature function
The curvature function used in [7] is defined as
the differentiation of successive boundary angles by

Kit)=6()—6(t—1), and

_ y(t)—yt—w)
0(t) = arctan ()=

) —yt—w) (6)
x(t- )

Where w, an integer, is a jump step used in
practice. However, #(¢) can only assume values
whose domain is 2w, usualy in the domain of
[-m7wlor [0,27] Thus 6(¢) in general contains
discontinuities of size 2m. Because of this, a
cumulative angular function 1 (¢) defined in [8] is

introduced to overcome the discontinuity.

= [6(¢) - 6(0)lmod(27) )
Therefore, in this paper we use
K(t)=o¢(t)—¢t—1) 8

Curvature signature is real valued, there are
only N/2 different frequencies in the result of
Fourier transformation. Therefore, only half of the
FD is needed for the invariant feature vector, and f is
the same with Eq. 14,

(3) Cumulative angular function

In according with human intuition, a “circle” is
a normalized cumulative angular
function 1 is used for shape signature. From Eq. 7,
we can get

shapeless, thus,

(775)

cumulative angular function. This periodic function is
termed as the cumulative angular deviant function
and is defined as

L
¢(27rt)+t

% (t) 10)

The function " (t)
the shape in question differs from a circular shape[S].
The periodic cumulative angular function defined in
Eq. 10 is itself invariant under translations, rotations

measures the way in which

and scales, which was proved by Eric Persoon in [9].
Thus the FD derived from this signature can be used
directly for shape representation. And only half of the
frequency including the DC component is needed for
the feature vector f.

F=1U)L,Iu@),...|uw/2))*F (11)

2. 3—D depth measurement

A laser scan system is used to obtain the shapes
in this work. Fig. 1 shows a depth measurement
system and its triangulation geometry we proposed
in [6]. The system has a single vertical laser stripe
the and then

to rotating  mirror,

projected

Backgound

(a) {b)
38 1. Eofd & FAlet HE ghAlol 28t He| £H
Mol of. (a) 3 Ak Hel E™HEA. 2 Hel &
Hel| fz|
Fig. 1. llustration for the depth measurement with

{a) a Depth
Schematic of the

projection and mirror reflection.
measurement  system, (b)
depth measurement system.
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reflected onto the scene. When the mirror rotates,
laser will scan over the object surface. And the laser
trace in the image formed by the same mirror will
also be captured by the CCD sensor. Without losing
the generality, we focus on the image formation of a
single light point. To derive equations in 3-D space,
let us use the cylindrical coordinate system with the
mirror axis as the Z-axis. Assume the light point T
has its image on the CCD sensor at P =(P,,P,). The
distance R from Z-axis to point T can be derived:

s
Jcell 60 nmdm
f
)

cell

R=

(12)

sin+ n cosé

where the n, is the pixel number corresponding to
P,, which is the distance from the center of image to
P and 4., is the inter-cell distance on the CCD
Sensor.

Since all the parameters are fixed, different pixel
number n, corresponds to different distance. Note
that the mirror rotating angle is not involved in Eq.
12 for depth computation but the angle ¢ must be
determined through careful calibration.

II. Proposed Depth—based Shape Retrieval

1. Depth—based boundary detection

The precise and integrated boundary SO
important that all the following steps such as
matching and indexing in the refrieval system are
based on it. Fig. 2 shows the process to obtain the
object boundary in our system. The first step is to
get the depth information and do 3-D restoration as
shown in Fig. 2(b). Then just a certain distance as
thresholding is needed to segment the object out of
the background as shown in Fig. 2(c). At last, we
obtain the boundary that contains all the details
through contour tracking as shown in Fig. 2(e). The
advantage of our system is that: since the laser trace
keeps bright and obvious at all the time, no matter in
dim environment or similar with the background, even
when the image gets blurred, it still performs well,

1s
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Fig. 2. Process to get the boundary. (a) Object for
tesingg ( 3-D restored shape, (o)

Segmentation and binarisation, (d) Component
labeling,(e} Contour tracking.

2. Shape representation

Suppose we have already obtained the precise
object shape, and then the FD derived from centroid
distance signature are used to represent object shape.
Our basic idea is to, first, represent a closed curve as
a periodic function of one variable, and then express
it using FD.

The centroid distance function is expressed by
the

centroid of the shape. Obviously, this conversion

distance of the boundary points from the

makes the shape representation invariant to
translation.
r(t) = ([z(t) — 2> + [y(¢) — yJ)? (13)

We assume the signal r(¢) is periodic with period
N, and then apply Eq. 4 on it. Because the signal is
real, there are only N/2 different frequencies in the

result of Fourier transformation (magnitude of the
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frequency is symmetric). Scale invariance is obtained
FD
coefficients by the DC component (n=0), and rotation
invariance is achieved by taking only the magnitude
values of the FD. Therefore, the invariant feature

by dividing the magnitude values of the

vector f just consists of the first few coefficients in

the following,
_ o)l o)l | U(N/2)| 1
=g o wor 14

Till now, we have already transformed the 2-D
contour to a sequence of 1-D signal, and just
comparing the signals, one can easily judge the
similarity between different objects. Assume a model
shape indexed by FD feature f,, and a data shape
indexed by FD feature f,, since both features are
normalized as to translation, rotation and scale, the
Euclidean distance between the two feature vectors
can be used as the similarity measurement.

(15)

d= Elf ffi 1/2

where NV, is the truncated number of harmonics

needed to index the shape.

IV. Experimental Results

1. Evaluation of different FD methods

First we give the evaluation of different FD
methods derived from complex coordinate, curvature
function, cumulative angular function, and centroid
distance function referred above. As known, to give
the convincing performance measure, a standard and
indispensable.

Imﬂmﬂlnﬂm A
Ena; .Fmﬁggl y |
nmmmE%“.HnB.J“

E!DIIF’! ll[]?’! L VI

a8 3. MPEG-7 Part B 2| H|o|g] Hjo|A of
Fig. 3. llustration of Database MPEG-7 Part B.

rich database is In recent years,
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Fig. 4. Retrieval example of the objects with 4 different

FD methods. (a) Centroid distance function, (b)
Complex coordinates, (¢} Curvature function, (d)
Cumulative angular function.

especially after 2005, some shape retrieval such as
[12] used MPEG-7 Part B as the standard database.
MPEG-7 develops a hierarchical structure of
audio-visual descriptors. The Part B contains 1400
reference shapes that are big enough as a database
for image retrieval. In this paper, we use these 1400
binary shapes grouped into 70 classes, each class
contains 20 similar shapes as shown in Fig. 3.

In addition, 100 shapes of 5 classes presented in
Fig. 6 are also added into the database, thus the
database created in this way contains 1500 shapes of
75 different categories, makes the evaluation much
more convincing. Fig. 4 shows certain retrieval
results with different FD methods. Notice that the
query image, a scissors on the top left corner, is the
real object given for intuitionistic feeling, the 3-D
model obtained by our laser scan system and the
corresponding boundary are acquired during the
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preprocessing step in the background.

Compared with these four figures, they show
different performance: the retrieval objects are not all
scissors. There are some shapes looked similar with
the query image such as the nail and trees appeared
in the result. Therefore, Precision and Recall are used
for quantitative measuring.

Precision is the fraction of a retrieval output that
is relevant for a particular query. In our study,
Precision, P, is defined as:

P=

Sum of the retrieved relevant shapes
Sum of the retrieved shapes

(16)

x 100%

Recall is the fraction of the shapes that are
relevant to the query that are successfully retrieved.
It requires knowledge not just of the relevant and
retrieved but also those not retrieved. Therefore,
Recall, R, is defined as:

R=

Sum of the retricved relevant shapes
Sum of the relevant shapes in the database

> 100%
amn

Precision can be seen as a measure of exactness
or fidelity, Recall
completeness.

Fig. 5 is the evaluation of these four methods
using Precision and Recall.

whereas i1s a measure of

From Fig. 5, obviously, the retrieval performance of

100,

Precision
o
<

. Recall

e Clonteoid distance with FD

- Comulative angular function with ¥D

—e Complex poordinates with FL)
~=r= Curvature fanction with ¥FD

a3 5 4 79 Fejo xMRE=R
sk QA M dlm

Fig. 5. Comparison of the evaluation performance of 4
FD methods.
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centroid distance with FD is the best one among the
four. (And this is the reason why we choose it for
The second
method, and it
performance with centroid distance method. However,

our application.) is the complex

coordinates has  comparable
the last two, curvature function and cumulative
angular function, give the incompetent result. As
referred, centroid distance is an approach among
contour-based shape representation. Whereas, it also
the of

representation, since the distance from the centroid to

has character region-based  shape

boundary samples can be also seemed as regional
function
cumulative angtlar function, they are derived only

information. However, curvature and
from the boundary and just capture local feature of

the shape.

1. Comparisons between the conventional 2—D
and the 3—D depth—based methods
Since our system is designed for indoor robots,
100 shapes with 5 different classes are added. They
are cup, scissors, toy bird, mouse and mobile
telephone which are familiar objects indoors. Fig. 6

shows their binary shapes. Please note that each

]

T8 6 AFEE AU BHE
Fig. 6. Classes of indoor objects added.
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Comparison of edge detection performance
between the proposed 3-D depth-based method
and the conventional 2-D image-based one. {a)
Original  image, (® the method with
conventional 2-D image-based one, the
method with the 3-D image-based one.

O 7.

Fig. 7.
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class contains 20 similar shapes with different poses.

There are many approaches to detect object edge
in 2-D domain. However, if images are taken in
extraordinary poor environment, like similar color
with background or dim environment with shadows
as shown in Fig. 7(a), it is hard to get the complete
boundary. Fig. 7 shows the comparison of the
previous edge detection technique to the proposed
3-D depth information-based method.

In Fig. 7(b), edge misses at the left side due to the
object incorporation with shadows, while the complete
boundary is detected using our depth-based method
as shown in Fig. 7(c). Precision and Recall are given
again for quantitative measuring the performance as
in Fig. 8.

It is clear from Fig. 8 our performance is better
than the conventional 2-D methods. Since this
recognition technology is based on object shape, the
more accurate shape means the better retrieval
performance.

V. Conclusions

In this paper, we proposed a shape retrieval
system using a laser scan equipment to obtain the

query shape. For engineering applications, our
retrieval engine as well as the laser scan
equipment can be easily installed into indoor

robots. Compared with conventional 2-D image-based

Fojof BEXtel 30|19 3|W ¥ SYE X0 hE 3 A Yo S
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methods, enhances the

robustness for robots to index and recognize the

our proposed approach

query object against poor working environment.
Moreover, we have measured the performance of four
mostly used shape signatures expressed with FD. Our
database built with MPEG-7 Part B and certain real
objects makes the evaluation much more convincing.
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