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Ahstract: In this paper, using the concept of axial
stereovision, we propose a matching method 1o recover 3D
informations about non-polyhedric objects. Experiments on

i are presented, This work is related to medical
robotics, applied to surgical endoscopy.

L- INTRODUCTION

In real images processing, scveral matching methods
have been proposed 10 reconstruct polyhedric objects by the
use of axial stereovision systems, But to our knowledge, the
homologous computation is not yet solved in order to
reconstruct the curved surfaces of non-polyhedric objects,

In our laboratory, works made upon axial stereovision
[4]1{5] have allowed both to reconstruct objects from the
polyhedric world and to modelise an axial stereovision camer,

In this paper, we detail an original matching algorithm
to get 3D information from non-polyhedric objects. This
matching algorithm is based on the study of the curves formed
by the grey levels along the epipotar lines in the two images
"Front" and "Back", The two main points of our method are as
follows:

- a filtering process applied on the noisy curves,

- & correlation process to match characteristic points of
the curves of the epipolar lines in the two images,

The 3D points computed, irregularly distributed on the scene,
can be used 1o reconstruct the shapes of non-polyhedric objects
by & surface interpolation process.

‘This work is related to medical robotics, applied to
surgical endoscopy, Until now, when operating, the surgeon
uses an endoscope and a video camera, but doesn't get any 3D
information about the analysed cavity. The fact that the surgeon
can'i possibly use more than one camera, has led us to use the
concept of axial stereovision in order to compute the shapes of

organs.
IL- PREVIQUS WORKS ON AXIAL
. STEREOVISION

These last years, a great number of research groups
thought that a camera with a zoom system [4],[7),[(8L.f11],...
or & camera moving along its optical axis {2),{3],[5].... would
make it possible to recover the 3D informations. The relative
plainness of the geometrical characteristics of these systems
make them very interesting for industrial applications and
simplifies the calibration and matching process.

In order to solve the calibration problem, several

approaches have been proposed [11.[6L{9].(10}.... Some of
them have given highly accurate results. {4){5] have studied the
influence of calibration errors over the 3D points compuiation,

The matching process has also been studied. Let us
quote the works of [2] who, for synthetic scene, have
proposed an algorithm based on the study of the radiance in the
scene and who have also solved the problems caused by the
occlusions. The problem of this algorithm is that the
ilumination characteristics of the scene as well as the
reflectance propertics of the objects contained in the scene,
must be known. We propose an algorithm which is released
from these constraints, working under a natural light and with
objects whose characteristics of reflectance are not known
beforehand, ’

PO(X0,Y0,Z0) , P1(X1,Y1,0) , P2(X2,Y2, AZ)
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Fig.1 Geometrical Model of axial stereovision system

A system of axial stereovision can be seen as a set of
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two identical cameras that have common optical axes and their

image planes paraile! and separated by a distance AZ. Such a
system can be simulated in two ways:

- A camera moving along its optical axis. In this case,
there are mechanical problems to keep thoroughly under control
the moving of the camera along its axis.

- A zoom. The crucial point of this system is the
accurale calibration of the zoom which is a compulsory process
in order fo reconstruct a 3D scene,

We have decided to use a zoom lo simulate an axial system in
order to avoid the mechanical problems.

If we assume that the distance "objects-camera” is large with
respect to the focal length, the “pin hole" model can be adopted
as the model of the image formation process (see fig,1).
Considering a cartesian system located on the Back Image
ptane which has the Z axis coinciding with the optical axis, the
projection of the 3D point (X0,Y0,Z0) is (X1,Y1,0) in the

Back Image plane and (X2,Y2,AZ) in the Front Image plane.

‘Therefore, we have got the following geometrical equations:
X0 _ Y0 -(Z0-

XT7Y1 7 f &

and §—g = % = -(—Zg?ﬂ ’ 2
From (1) and (2) we have got the 3D coordinates:

X0= )—%g?ig—)z Px (3)

YO = YT(I?% . Py #

and Z0=f+ X2.AZ “ft Y2.AZ )

(X2-X1) (Y2-YD)
where X1,Y1,X2,Y2 are expressed in pixels unities, Px Py

(pixel dimensions), AZ, £ (focal length) are expressed in metric
unities,

11.2,- GEOMETRICAL PROPERTIES

Some geometrical properties due to the system have
been demonstrated in [2]{5] in order to restrict the research area
during the matching process. Let us quote more particularly:

- The orthogonal projection of O2 (Front Image center)
on the Back Tmage plane is O1 (Back Image center).

- The Front and Back Image planes are parallel, the
PO PL P2 planc is perpendicular to the image planes and
contains the [P1 013 and [P2 O2] segments, Therefore [P1 01}
and [P2 O2] are parallel and are contained in the same quadrant
in Back and Front Image planes [2].

- The field of view of the back camera completely
covers the field of view of the front camera.

- {2}{5] have demonstrated that the [02 P2] segment of
the Pront Image has got a length at least equal to the

one of the [O1 P1] segment of the Back Image.

Therefere the homologous point of P2 on the Back Image will
be on the [O1 P27 segment, P2' being the orthogonal
projection of P2 on the Back Image plane (sec fig.2).

The (02 P2) , (01 P1) epipolar lines are radial, starting from
the center of the images,

IY.- THE MATCHING METHOD

In the described approach, the image center is
determined by the computation of the Focus Of Expansion
(FOE) of [6]. We suppose that the scene is made up of smooth
and sufficiently lextured surfaces,

In axial stereovision, if AZ is small with respect to the
objects-camera distance, the grey levels of two homologous
points are very close one to the other. This observation allows
us, when using the geometrical properties (¢f 111.2.) and a
correlation algorithm working on the intensity profiles along
the epipolar lines, to match points of these lines. These points
are tocal minima and maxima of the intensity curves as well as
outline points,

The direct correlation of the profiles is only made
possible after efficient filtering by minimizing the loss of
information, Indeed the noise would disturb the correlation
causing wrong matchings and therefore important errors in the
computation of the 3D points (sce [5]).

Our filtering process is a key point of our method.

IV.1.- THE FILTERING PROCESS OF NOISY CURVES

We propose a filtering of the profiles which minimizes
the loss of information while smoothing them in a significant

way. This method is mainly based on the use of the median

filter a variant of which we propose that we call the "Threshold
Median Filter", .
Fig. 3 shows the general organisation of our filtering process,

Frontimage  Rpipolarline Back image

'

“Front image” “Back Image"

P2 : p2’

rairad

02 01

Fig.2 Homelogous.search area of a point P2
in the Back Image

Median over Median over
the the

whole image whole image
Profile Profile

computation computation

Threshold Threshold
median median

filter Ailter

Front profile

Back profile

Fig.2 General organisation of our filtering process
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Let us recall the classical definition of the median value: X4,
Let Vo be the original vatue 1o filter,
Xmed € [Xguo Xj, o Xp) such as Xps..<X<.8X,,
as P(X2Xne) 2 12
and POX<X .02 12
The Vo value is then replaced by Xmeg.

We define the "Threshold Median Value": X e .
Let T be the maximum difference between a noisy point and the
same point made unnoisy, -
Let Vg be the original value to filter,
Xmedt € {XopXy, «n Xy) such as Xog..<Xi€.8X,
85 P(X2X eqm) 2 112
and PXsX a2 112
i€ X peqr- Vol > T then X pper = Vo
The Vo value is then replaced by Xmedr.
This filtering allows to keep the intensity peaks narrow and
significant,
Fig.4 shows the results of the "Threshold Median Filier" with
respect to the classical median filter on a noisy profile,

Jl-Grey
Levels
(a)
: Radial
Position
4 g
F's Grey
Levels
®)
Radial
Position
4 Grey '
Levels
©
Radial
Position
Image f
center
Fig. 4 comparison between two median filters.
(a) Original profile, {b) Result of the classical median filter.
(c) Result of the"Threshold Median Filter”

Fig,5 shows the results,obtained on an epipolar line, afler
application of our filiering process.

R
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Fig.5 Resuits of the filtering process.
{a) Original Front profile, (b) Filtered Front profile,
{c) Original Back profile, (d) Filtered Back profile.

1¥.2,- THE MATCHING ALGORITHM

This algorithm works with the front and back profiles
got out of an epipolar line, By rotating the line, it is made
possible to cover al the areas of the image,

After filtering of the front and back profiles, a correlation
algorithm can be applied. Our algorithm has got two phases:

- 4 coarse segmemntation,

- a maltching algorithm,

1V.2.1- Coarse segmentation. First of all, there is a

coarse segmentation of the two profiles in order 10 extract the
features to be matched:

- the increasing and decreasing zones of the profiles,

- the discontinuity points of these zones corresponding
to a change of the gradient sign along the profiles,
This first phase allows to initialize the matching process by
supplying a segmentation which is coarse but nevertheless
significant of the two profiles.
Fig.6 shows an example of coarse segmentations of the two
profiles.

[] increasing area

E decreasing area

Sy A .

a2 ol
(a) (b)

{a) Coarse segmentation of the Front profile,
{b) Coarse segmentation of the Back profile.

Fig.6
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I¥.2.2- The matching_process. The features of this

algorithm are :

- the increasing and decreasing areas of the profiles,

- the intensity profiles to compulte the features of these
arcas ( average, variance, max-min value, vk

- the discontinuity points to be matched,
The main idea is a parallel processing of the two coarse
segmentations starting from the image center,

Let SGg be the coarse segmentation of the front profile,

Let 8Gp be the coarse segmentation of e back profile.

Next-area(SG;) is a function returning the area
(increasing or decreasing) following SG;.

Let Zg and Zp, be the current areas of the two profiles.

Let compatibility(Zg,Zg) be a function which checks up
the compatibility of the current front and back areas. The
compatibility is defined as:

- the geometrical compatibility: the width of a Front area is
?t least equal to the width of its corresponding area in the Back

mage,

- the radiometric compatibility: Two corresponding areas
must have radiometric characteristics close enough.

This function is defined as folows:
compatibility(Zg,Zg)
{if width(Zg) > width(Zp)
and
Average(Zg) aud Average(Zp) are close enough
and
Max-Min(Zr) and Max-Min(Z ) are close enough
then return true
else return faise

Our algorithm can be explained as folilows:

1} Zj; <- Next-area(SGp); Zy <- Nexl-area(SGyg)
2) if Zp = NIL then stop.
3) if compatibility(Zp,Zg)
then - match the discontinuity points following Zy: and Zp
- goto 1)
else - modify Zp and Zy (o obtain a compatibility by:
a) analyzing (he neighborhood of the current
front and back areas,
b) minimizing the radiometric chararcteristics to
choose the right segmentation modification.
- if it is possible goto 3)
else stop

This algorithm supplies:
- @ matched points list,
- & finer segmentation of the two profiles.
Fig.7 shows an example of matched points on the profiles;

3 4 5678910,
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Fig.7 Matched points on the two profiles
Front (a) and Back (b)

By applying the same algorithm on the gradient profile, the
outline points of the objects are matched.

Some matching errors can occur if the presegmentation
of the profile is too regular { this is made possible in such
textures as the one of the grange fruit) and the displaccment too
important, Some matching errors can also occur if the profiles
are too different (in this case the filtering has not been
sufficient),

Fig. 8 shows the general organisation of the maiching process.

Front Constraints

profile Coarse

- segmentation ﬁ matched

points
> Maitching list
g  process
Coarse f

—®1 segmentation

Back

profite finer segmentations

of Front and Back profiles

Fig.8 General organisation of the matching process
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The development of the specific endoscopic captor
being in progress, we have been working on natural scenes of
non-polyhedric objects. By applying our algorithm on some
epipolar lines, we obtain the results shown fig 9.

These results show the matched points inside the surfaces.

We can note that where classical techniques would not have

allowed to match points, our analysis atiows to match small
efails present i im

Nevertheless there remain some problems:

- if the image is very listle textured, very few points are
matched. This will set a problem during the surface
reconstruction.

- a too large displacement of the camera lets appear too
many details in the Front Image with respect to the number of
details that appear in the Back Image. In such a case wrong
homologous are found,

Yi.- CONCLUSION

‘The results obtained on real images allow to make
possible a 3D reconstruction of non-polyhedric objects, by
using a zoom,

There remain nevertheless some unsolved problems:

- The necessity of developping highly accurate
calibration techniques.

- The necessity of realising a surface interpolation
algorithm taking into account that the points that are on a
surface are distributed irrepularly,

« When the displacement is too important, our algorithin
does not work well enough. But having an important
displacement allows to be more accurate during the 3D points
computation. We think that this problem can be solved by
controlling the zoom mechanically and by taking images while
varying the focal length a litile at cach step,

This work is part of medicat robotics application to the
surgical endoscopy. A 3D representation of the analysed cavity
must allow to make the medical hand motion more steady and
accurate,
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Fig. 9.a Front Image matched points
on some epipolar lines

Fig. 9.b Back Image matched points
on some epipolar lines
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