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Abstract :

Experimental results for matching 3-D range data
cbjects based on a global approach is here
presented. The obtained invariant parameters used
for matching purposes are functions of the
geamstrical dimensions of the object, the second
and fourth order central moments of both the
object depth and the contour of its base
silhoustte.

A separate set of invariant parameters are
calculated and stored into the matching library
for each stable position for each used abject.
The matching system is tested on a number of real
objects and was found to be fast and robust.

1. INTRODUCTION

Recognition and matching of three dimensional
(3-D) objects from camera views is an important
problem in image recognition. It has wide
applications for robotic vision systems.

The basic idea in 3-D object recognition and
matching is to describe the object by a set of
parameters (primitives) and to match these
peramsters with sets of stored parameters for
mdel objects. Such parameters are to be
invariant under object translation, plane rotation
and 1f possible under change of scale.

Many of the 2-D abject recognition methods are
extended to the recognition of 3-D abjects, such
s the Fourier descriptors [1,2] and the method of
invariant moments [3-10]. There are also
classical global methods based on the object shape
and size [11-14].

Classical approaches for recognition and
matching of images are not new. See for example
Bacus and Gose [11] for medical application using
birary images and Darling and Joseph [12] for
scens analysis using gray level images. Classical
statistical approaches are also used with other

techniques for texture recognition. See for
example Hawkins [13] and Gonzalez and Wintz [14].

In the present work, we apply a classical
globel approach to the problem of matching 3-D
range data objects. The obtained invariant
paremeters used for mat purposes are
functions of the shape and size of the object. We
report  experimental results concerning the
reliability and robustness of this approach.
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1.1 The invariant matching parameters

For matching ©purposes we calculate the
following 10 invariant paramsters.

(1) The volume of the object,
(2) The maximum height of the object,
(3) The object base area or its mean height,

(4) The standard deviation of the object
surface depth,

(5) The standard deviation of the x and y
coordinates [8] of the object surface,

(6) The (relative) maximum or the (relative)
minimum moment of inertia of the object surface
about axes through the point (X,...,¥..n'0). By
relative maximum or relative , Wwe mean the
maximum or minimum moment of inertia divided by
the volume of the abject. See section 3 below.

(7) The radius of the sphere of center
(X, .eansJmenn »0) which fits the object surface in a
least squares sense. (Xn.unsVncan) 8re the (x,y)-
coordinates of the abject surface centroid.

(8) The standard deviation of the x and
coordinates of the contour of the base silhouette,

(9) The relative maximum or the relative
minimum moment of inertia of the contour of the
object base silhouette, about axes through the
contour centroid. Again, here by relative we mean
the maximum or minimum moment of inertia of the
contour of the base silhouette divided by the
number of points of the contour of the base
silhouette. See section 3 below.

(10) The radius of the circle of center
(X eanViean) which fits the contour of the base
sllhoustte in a least squares sense. Again,
(Rfeons Vesenw) are the (x,y)- coordinates of the
centroild of the contour of the object base
silhouette.

Parameters 1-3 are functions of the abject
shape and size. As we see in section 3 below,
parameters 4-6 and 8-9 are functions of different
second order moments of the object surface and the
contour of its base silhouette. Also parameters 7
and 10 are functions the second and fourth order
central moments of the object coordinates and
those of the object base silhouette respectively.



The sbove given matching parameters are
invariant under translation and plane rotation but
not under a change of scale. Nevertheless, we
here mention an important point. That the data
obteined from a Trange camera are already
calibrated as we get the (x,y,2) coordinates of
the object surfacs. Therefore we need no more
worry about the position of the camera fram the
scanned object, which causes the change of scale.

The angle that the axis of maximum  (minimm)
moment of inertia of the object surface makes with
the I- axis is easily calculated and may be used
for picking purposes in a raobot vision system.
Also the angle that the axis of maximum (minimum)
moment of inertia of the bese silhouette contour
makeswiththeI—astmaybeusaias an
alternative for picking purposes.

A separate set of invariant parameters are
calculated and stored for the matching library for
each stable position for each used object.

2. DESCRIPTION OF THE SYSTEM
2.1 Data forms

Recently a new laser range image camera Wwas
designed in the Division of Electrical

ineering, of the National Research Council of
Canada. [15-17]. It provides a means to obtain a
very large field of view without compromising on
resolution. Besides, it gives a large increase in
speed of measurement and the shadow effects are
reduced considerably.

The range date from the camera is given in a
Real*4 (R*4) string form; {x(1), y(1), Z(1); 2(2),
y(2), z(2), ..., x(k), y(k), =z(k)}, which are
respectively the xX-, y- and z-coordinates of
successive points of the object. We denote this
by the =x-y-z— string vector presentation of the
object surface. In this data, in general, the
x-coordinates are at intervals but the
y-coordinates are not at equal intervals or vice
versa.

This data is then interpolated and presented
with the background in the form of an R*4 256x256
matrix. The matrix (i,)) elewent is the
z-coordinate velue at point (1,3), i.e. at the
(x,y) coordinates, which are integers. We denote
this by the matrix presentation of the object.

2.2 Reducing the processing time

To reduce the processing time of the matching
system to about one quarter of its amount, when a
o56x256 range cbject matrix is read, the object
matrix is reduced to a 128%128 one. This is done
by taking every second matrix element, every
seconrd row. The invariant parameters of the
system are calculated from the obtained 128x128
mabrix.

2.3 Further reducing the processing time

Again to further reduce the processing time,
the following files are obtained and utilised.

The 3 R*4 x—, y- and z- vectors respectively for
the i, j and z coordinates of the surface at hand.
That is, given an object surface in a matrix form,
we separate the object from the background and
obtain the object surface in a set of 3 string
forms, which we denote by the x-, y- and z- string
vectors of the object. Each string is of length
k, the number of the surface points of the abject.

A 128x128 object matrix contains 16384
elements. Yet the number of nonzero matrix
elements k, may range from about 2000 to 6000
elements. We do our camputation using the 8
k-string vectors of the abject surface, with a
substantial reduction of the processing time. The
processing time is reduced by the ratio k to the
total matrix ellements, 16384.

5.4 The contour of the object base silhouette

By the contour of the object Dase silhoustte,
we mean the outside and also the inside contours
of the two dimensional object base. If the 3-D
object is hollow, the base will show holes inside
its boundaries. The inside contours are the
contours of these holes.

These contours are obtained by the following
simple technique. The object matrix is scanned
column-wise (row-wise). Consider every non-zero
element of this matrix. Each of the 8
neighbouring elements to this non-zero element as
a ocenter is examined. If any of these 8 elements
is a wzero element, the center element 1§
considered a or a contour point of the
object base silhouette. The elements of the base
contours are each given a character 1 and the rest
of the base elements each is given the blank
character ' '. Figure 3 shows the contour of the
base silhouette for 4 orientations of the range
object number 3.

We notice in figure
contour elements of the object base silhouette 1§
not the seme for the 4 orientations of the object.
Similarly as mentioned before, we notice fram
table 1 below that the calculated volume of the
object is slightly different for the four views of
each object. This point was a factor in our

silhouette.

S.CAIGJIATDE'H{E]NVARIANI’PARAMETERS

The significance of the invariant parameters is
obvious as calculated in this section.

(1) The cbject volume is none other than the
sum of the k elements in the z-string vector of
the object surface.

(2) The meximum height of the object, is
obviously an invariant parameter and is easy t0
obtain.

(3) The object base area, is clearly the leng b



'k’ of any of the 3 string vectors of the object
surface. The base area thus has an integer value.

The coordinates of the surface cemtroid (x,...,
| : Ve ? Zmean) 8T€ given respectively by
'Y
Xear =2 X/
YMan =Z‘E=\ Y.,/k (1)
L= 2_;-_-\ Z‘;/k

In (1), Ze., is the mean or average height of the
object, which is obvously an invariant parameter.

(4) The standard deviation %2 of the object’s
surface z-coordinates is given by

o—;’ " Z—:.:\ (Z‘- = zmun )l/k (2)

The central second moments of the object
surface are given by

k 2
i =30 z; (y.- Ymean ),_
Loy =% ;B (X X
I"j = ~z-k.‘a) zl(xi_ Kimean )(yL S e )
(5) The standard deviation of X-y coordinates

of the object surface is a parameter used by Alt
(8] is given by

(3)

O—:_j = 0‘: + 6’;‘
where 2
o= oy [k (4)
G"" =
b XX

This parameter Ox-y is proportional to the
Square root of first second-order invariant moment
perameter 4 ([7], p. 697).

~ (6) The maximum (minimum) central moments of
inertia of the object surface about axes through
the point (XuesnsVimenns0), 1S & measure of the
elongation of the abject along the proper axis.
These are given by the following formulas [18].

2 Tne= (Tt Tuy) + SQBl(To— Ty ) + 4I5] e
S5a,
= (Tt I&j) 3 SqI'b[(Ixx— Iy )1"' 41:3]

and the direction of the principal axes is given

. tan 2 © = 2T,y /(I,, - L) (5b)
If I,,~0, 26=0 or 180 and if I = vy 0="74.

_ It 1s bound that as the object is translated
énd/or rotated about its z axis, the shadow effect
results in some variations in the values of the

culated parameters 1-6. Hence we divide the
mm (minimum) central moment of inertia by the
olune of the object. We get the relative maximum
nimim) central moment of inertia. Which,
milar to the standard deviations (parameters 4
ind 5) is an invariant parameter.

_ Grosky and Jain [19] suggested fitting the
Object surface in a least squares sense by an

size. We have experimented with such surfaces and
found out that the values of the parameters of the
ellipse are sensitive to the shadow effects and
the calculated values for the same object with
different orientations vary substantially. We
also found out that for same objects, the fitting

- surface is a hyperbolic paraboloid and not an

elliptic paraboloid.

Instead, in the present work we fit the aobject
surface in the least squares semse with a sphere
whose center is the point (x ©).

The equation of the fitting sphere may be given

mean ’ Ymean *

a,(X" 4 42*) =1 (6a)
where
E=x—-x%,,.
(6b)
Y o y 5 y\mum

and again (X,ew sPwemn ) 8re the (x,y)-coordinates
of the surface centroid.

Substituting the k coordinates x, y and z of
the 3 k-string vectors into egs. (6a,b) we get
the system of linear equations

Xiusrin | i 1
X, + Y +at 1
ik L T =il
A : (7a)
S U :
X, + Yo+ 2 1

In matrix-vector form, eq. (7a) may be written as

Ca,- f (7b)

where C is the coefficient matrix in (7a) which is
in fact a wvector of k and f is the r.h.s.
k-vector in (7a), each element of which is 1. In
(7a,b), ‘a; is the unknown parameter. The radius
of the fitting sphere = 1/sqrt(a).

The least squares solution parameter ‘a/ is the
solution of the normal equation

Cca,=C't ®)
where C' the transpose of vector C.

Each of C'C anf C'F in (8) is a scalar. They
hawve the values

ko A
C'C =2 in(X; 41 42" +2X’YT +2X)2 +2Y)20) (%)
and = i o ot R
Cf =3 (X, +Y;+z%) (ob)

Expression (9a) is a fourth order moment while
that of (9b) is a second order moment expression.

(8) The formula for the standard deviation of
the x-y coordinates of the contour of the base
Ssilhouette is similarly obtained from formuls
similar to (4).




(9) The meximum and the minimum central
moments of dinertia of the contour of the base
silhoustte are calculated from the same formulas
(3), with the z; replaced by 1. The summation in
(3) would be taken over the number of points of
the base contour silhoustte.

(10) The radius of the circle which fits the
contour of the base silhouette in a least squares
sense is easily calculated. This is done in an
analogous way to calculating the radius of the
£itting sphere in (7) above. Again the radius of
this circle is a function of the second and fourth
order moments of the contour of the object base
silhouette.

4. EXPERIMENTAL RESULTS

We experimented with 10 given industrial-like
objects. Some of them resemble each other in
shape and size. Figure 1 shows one view of each
of the 10 given abjects. Each of the 10 objects
is translated and rotated an arbitrary angle about
the object z axis 4 times. Thus in all we have
data fot 40 object views.

As soon as the matrix for the given object 1is
read it is reduced to an 128x128 matrix.

Table 1 shows the calculated invariant
parameters (1) - (10) for the 10 abjects. The
1.h.s. numbers (1), (2), ..., refer to the object
number.

Tahle 1 shows the clustering of the parameter
values for the same object with different
orientations. The results indicate that the
smallest percentage variations in the parameters
exist for almost all the parameters except
parameters 6 and 9. We denote these parameters by
set 1. This makes set 1 the most reliable
parameters for the matching purposes. More
percentage variations occur for parameters 6 and
9, in the maximum moments of inertia of the object
surface and the maximum moments of inertia of the
contour of the base silhoustte, which we denote by
set 2.

Nonetheless, we have given each parameter the
same weight. Matching is done by counting the
largest number of times the abject parameters are
closest, percentage wise, to those of the model.

The experimental results show that this
matching system is fast and rabust.
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Figure 2. The four views of the object 1.
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Figure 3. The contour of the base silhouette
for the four views of object 3.

Figure 1. One view of each of the ten range ocbjects.




