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Geometrical primitives reconstruction from image
sequence in an interactive context.

Laurent MONCHAL, Pascal AUBRY

CEA/DTA/CEREM/DPSA/STR

CEN/FAR, BP6, F-92265 Fontenay-Aux-Roses CEDEX, France

Abstract We propose a method to recover 3D
geometrical shape from image sequence, in a context
of man machine co-operation. The human operator
has to point out the edges of an object in the first
image and to choose a corresponding geometrical
model. The algorithm tracks each relevant 2D
segments describing surface discontinuities or limbs,
in the images. Then, knowing motion of the camera
between images, the positioning and size of the
virtual object are deduced by minimising a function.
The function describes how well the virtual objects
is linked to the extracted segments of the sequence,
its geometrical model and pieces of information
given by the operator.

I. INTRODUCTION

Being able of precisely describing and locating an
object in the 3D space is of great help [1] for
telerobotics which is the frame of our work. The 3D
representation of an object can be used both by the
human operator or the machine to supervise missions
and execute tasks.

First, to help reconstruction of scenes, we have for
example developed manual methods consisting in
superimposing known object projections over video
images [2]. The operator is particularly skilful at
extracting the relevant information very quickly and
giving a rough matching of a geometrical model with
an object on an image. Then, as accurate matching
requires a lot of time and care, an automatic
refinement method has been proposed to give a fine
matching[3] from the rough matching of the operator.

These techniques are already part of the 3D
geometrical modelling system developed at CEA,
called Pyramide. This system, among other goals, is to
create a 3D geometrical model of the environment, to
localise the robot in the modelled environment and «a
monitor telerobotics tasks. Finding depth and size of
geometrical models is always a bit difficult in this
system. For, until now a geometrical model is matched
on one image or on sparse images. On one image you
can't have real size or depth of the model and on two
images the matching is not easy. That's why we

propose a method to find 3D geometrical model from a
sequence of images.

In this paper we first present different approaches
used to find 3D structure of an environment, then we
expose the method we develop, results on synthetic
and real images are presented before conclusion.

II. RECONSTRUCTION OF 3D
ENVIRONMENT FROM IMAGE SEQUENCE

There arc various methods to obtain 3D
information from sequence of images. We have
classified thorn synthetically into three approaches
with examples for each approach.

A. Spatio-temporal approaches

In spatio-temporal approach, a sequence of
images is seen as a three dimension block: Two
dimensions for the plane of the image and one
dimension for time.

Optic-flow like techniques are based on such an
approach. Optic-flow equations derived from the fact
that intensity located at (x,y) in the image plane, at
time / will be the same at time t + At, at
{x + Ax,y + Ay). As optic flow is determined [4], it is
possible to determine 3D information[5].

Bolles, Baker and Marimont [6] proposed a
method to find structure of a scene from the study of
the epipolar plane generated by a spatio-temporal
block of images.

This approach is also well exploited in the work of
Milgram and Chelali [7]. Lines in 3D space are found
by optimisation of a potential function along a
sequence of images.

B. Correspondence based methods

The other series of techniques is based on
matching features between images. The features are
commonly segments or points in the images.

The most famous algorithm based on a
correspondence method, to find motion and structure
between two images is the Longuet-Higgins algorithm
[8]. Then this algorithm has been refined to avoid



problems caused by noise. So least-square techniques
[9] or Kalman filtering techniques [10] have been
introduced to limit deterioration due to noise in the
data.

C. Model based methods

The last kind of approach is based on a model.
The parameters of a 3D model are sought so as to
minimise (or maximise) a function. The function is a
criterion expressing how well the model is fitted to the
images.

The model can be superquadrics[ll], a deformable
surface [12], an active contour model [13] or any other
mathematical model. The model is attracted to relevant
features such as extracted contours and must respect
its internal structure constraints.

III. 3D GEOMETRICAL PRIMITIVES
RECONSTRUCTION

We describe a method to find 3D geometrical
description of objects using a sequence of images. The
motion between the images and the intrinsic
parameters of the camera are known.

A. General vieiv of the method

The first step of the reconstruction consists in
human intervention. The human operator has to point
out on one image relevant segments describing an
object he wants to know localisation, shape or size.
Then he has to choose in a database a 3D geometrical
description corresponding to the object.

I

3D reconstruction

Tracking
of 2D features

2D initialisation

3D virtual object
convergence

I.
Operator I Algorithm

Figure 1: General view of the reconstruction method.

Segments chosen by the operator are surface
discontinuities or limbs. These segments are tracked
along the image sequence (image sequence is dense
enough to unable it easily). Reconstruction is done
using the tracked segments in the sequence. The
algorithm tries to find the virtual object corresponding
to the given geometrical description and the tracked
segments.

B. Reconstruction of polyhedrons

The method has been first applied to reconstruct
objects that have a polyhedral structure.

Geometrical model

As we want to reconstruct a polyhedron, it is
necessary to describe it. We decide to represent a
polyhedron by 3D Points and Links between the
Points.The 3D Points are the summits of the
polyhedron. The Links express the relation between
different Points. It can be a Link between two Points
showing that between these two Points there is a
surface discontinuity, so m the 2D image there is a
segment contour between, the two points.

The other kind of Links are geometrical
constraints between the points. For example
coplanarity between Points.In general, Links express
relation between the Points such as: existence of
surface discontinuities, Coplanarity, fixed Angle,
known Length. They are the a priori knowledge of the
operator.

2D features

In the case of a polyhedron the 2D features to be
extracted in the images are segments. They are the
projections of the surface discontinuities between faces.

Criterion

The criterion is a function whose minimisation
must lead to the description of a virtual object as close
as possible from the real object. The virtual object is
described by a model. This model is made of Points
and Links. The 3D Points are the variables of the
function to be minimised. The Links generate internal
and external constraints to be included in the criterion.

We are interested here in the couples (/\,i2) of
Points describing a surface discontinuity of the object.
The 3D Point associated to indice / is noted M;, and

its projection on the j " 1 image mf. The segment

\i7i;i , 'Tifz] which is the projection of the 3D segment

\Mn , Mi2 , must be very close to the extracted

corresponding segments in the j " 1 image as it is
illustrated on figure 2. Each extracted segment (with
indice k) is matched with a couple (i\,i2).

The "distance" between the extracted segment k

and its matched |/n/j , /7?/2l virtual segment is the sum

of the distance of the two extremum points defining

the segment k to the [m^ , m{2 segment, that is to say:

djx{k) + d]2[k). For the K extracted segments in the
image sequence, the distance between the extracted
segments and the matched [m/| , /n/2 | segment must

K

be as low as possible. So Caxl - ]T(cf/i [k) + d/2(k)) is a

criterion to be minimised (il, i2 and j depends on k and
therefore should be noted in the criterion: il(k), i2(k)
and j(k)). When this criterion is minimised it means



that the projections of the virtual object are very close
to the extracted segments. This is the external criterion.

virtual object
segmene

J
Figure 2: External constraints.

As we possess pieces of information about the
geometrical structure, we use them to express an
internal criterion. This criterion, when it is minimised
must mean that the virtual object has the right
geometrical properties. We isolate different properties
to describe various polyhedrons. They are: coplanarity,
known value of an angle or a segment, equality in size
of two segments.

For example the coplanarity criterion for 4
coplanar Points (/i,/^,/^,/^) derives from the fact that

the distance d of A/;4 to the plane generated by Mn,

Mi2 and Mi3 must be minimised as it is shown figure
3.

The coplanarity criterion for the virtual object is

thus:
[i^J^JiU) coplanar

M

Figure 3 : Coplanaritt/

Other internal criteria are expressed in the same way.

The angle criterion express how well, quadruplets
(/1 , / ; , i} )/4). representing known angles

T4~K4>JA~KT> ' a r e c l ° s e to t n e expected value dcr
\ 'i ': ̂  'J U Jj
Its expression is:

anel«
cos W|

The equality in length of segments Mt Mu and

M} Mt , represented by the quadruplet(/,,/,,/3,/4) .

is expressed by:

equal I
j,^jj,/4J .<€ equal segments

For the segments Mt M^ whose length

L\l\,/,). is known or imposed, the criterion is:

I^.NI *= known leneth

The global criterion is a variable weighted sum of
the external and internal criteria. The minimisation is
done using the Broyden-Fletcher-Goldfarb-Shanno
method. As data are processeed simultaneously, a
Kalman filtering is not used to perform minimisation.

C. Reconstmction of cylinders from their limbs

The cylinder is do/ined by a line in 3D space: its
axis, and its radius. In our case the cylinder is defined
by two points for the axis and its radius.

The 2D features of the image used for
reconstruction are the limbs. The limbs are tangent to
the surface of the cylinder. We deduce from this
property that the plane generated by the projection of a
limb in an image and the optical centre is at a distance
equal to the radius from the axis of the cylinder. This is
illustrated figure 4.

Figure 4: Distance from the axis.
The criterion must express the fact that the planes

generated by the segments (projections of the limbs in
the images) and their corresponding optical centre is at
a distance R (the radius) from the axis. The "distance"
for an extracted segment k of the plane to the axis is
represented by the distance of Cml and Cm2



(respectively dx[k) and dz{k)) to the axis of the
cylinder. The criterion has therefore the following

form:
k=l

\d2(k)-f?\).

When it is minimised it means that the lines
generated by the extrema of the extracted segments
and their corresponding optical centres are at the same
distance R from the axis.

D. Reconstruction of circles

The circle is defined in 3D space by its center, its
normal and its radius. As for the limbs it is described
by 2 points and 1 parameter.

The 2D features are points of the ellipse describing
the projection of the circle in the image.

The criterion is the sum of the distance dc of the
lines generated by the extracted points m, Cm to the
circle. This is illustrated Figure 5.

Figure 5: Criterion for the circle.

D. Application to other primitives

Such a method can be applied to other type of
geometrical primitives. It requires to be able to link the
analitical expression of the primitive to 2D features.
Then it is necessary to extract the relevant segments or
contours for the computation of the external criterion.

IV. OPERATOR'S HELP

As we work in an interactive context we can use
the knowledge of the operator. We improve the
reconstruction by adding pieces of information given
by the operator.

A. A priori information of the operator.

A priori information are here obvious pieces of
information the operator can easily deduce from liis
understanding of the scene or he simply knows. For
example it can be: "the axis of the cylinder I s
perpendicular to the plane of the table". Different type
of information that can be introduced by the operator
to improve reconstruction are listed below. They are
relationship between primitives.

Polyhedron

Limbs of
cylinder

or

Circle

Polyhedron

/ Known angle

/ Length equality

/Coplanarily

/Samo point

Limbs of Cylinder

or Circle

/ Known angle

/ Cylinder on a plane

/Same point

/ Known angle

•/Same radius

/Same point

Figure 6 : Geometrical knowledge betiveeii primitives.

B. Interest in adding constraints

We now show on an easy example how
introduction of information can improve the solution.

We ari? in the case where we want to find the best
approximation of {x,y). To perform it, we have
samples with noises: (x,.,^,-), / e[l,/j], where n is the
number of samples. We decide to choose as a criterion

the function: f{x,y) = - *,-) + {y ~ y,-) •

means that we want to minimise the quadratic distance
between the samples and the searched values. This is
the same kind of criterion we minimise for the
geometrical primitives but with more parameters. In
this simple case the solution can be expressed

( 1 " 1 " ^
analytically: xmn -— 'Y\xi ; _>'min — — J\yj • If x,-

and yt are normally distributed deviate with zero

mean and a variance. The mean error is C. -. If

we know that the solution is such that x = y, we can
propose to minimise:

where K x(x - y) is a penalty function deduced
from the a priori information. In this case the mean

2x
error becomes: £ =

Kf+K2

.For

K = oc, that is to say for K large enough, the mean

i—i— So the fact of adding a priorierror is: 8 =

knowledge leads to divide the mean error by
v2 .These functions have been implemented with
K = 50xn. The minimisation gives the expected
results. The solutions with penalty functions are
improved as expected, compared with the solutions
without penalty function. We classified the solutions
according to their improvement. In 50% of the cases



the solution is poorly improved or deteriorated: the
errors are at most 10% different. But in more than 30%
of the cases the solution is highly improved: the error
is divided by 2 or more. Among these good
improvements there are 6% of cases for which the error
is divided by more than 10.

This means that adding information, in the worst
case doesn't change significantly the error whereas in
the best cases error is greatly reduced.

V. RESULTS

A. Results on synthetic data

The method is first tested on noisy synthetic data.
For the polyhedron we attempt to reconstruct two

faces of a box of 60 cm by 30 cm located at 2.50m from
the camera. We create projections of this box. Then we
add noises to the parameters necessary for
reconstruction: localisation and orientation of the
camera, its intrinsic parameters and the coordinates of
the extracted segments. We create with these
parameters sequences of 2, 8 or 16 images. Between
two images the camera moves of 3 cm along the X and
Y axis of the camera. We add to the position of the
camera a gaussian noise of 1.5 mm on each axis plus
an offset of 0.25 mm (for the derive). The orientation of
Results on synthetic data show that our method is
resistant to noises.

We evaluate the improvement of reconstruction
by adding information on the structure of a
polyhedron. The data are very noisy: To the movement
of the camera we add a gaussian noise of variance
representing 5% of the motion. Extracted segments are
noisy too: a gaussian noise of variance 0.75 is added to
the right position before being quantizied. The
parameters of the camera are noisy: they add an
average error of 1 pixel on projections.

Two kinds of reconstructions are done. The
reconstruction is first performed without information
about the geometrical structure of the objects. An other
reconstruction is done with the same data, but with
introducing in the criterion the fact that the object is
parallelipedic. We have the following results:

Error in localisation

No information

With information

2 images

10.7 %

8.0%

8 images

1.02%

0.72%

16 images

0.37 %

0.32 %

Localisation is well ameliorated by accumulation
of images. The fact of adding information, makes tjje
error decrease by 15 to 25 %.

Error in length

No information

With information

2 images

49.7 %

13.8 %

8 images

5.04%

1.53 %

16 images

1.65 %

0.60%

The sizes of the objects are far better when adding
information: errors in average, decrease by 70 %.
Improvement are better in percentage for length than
for localisation. Even if we express results in cm we
observe that improvement is always larger for
localisation. This can be explained by the fact that we
introduced pieces of information about the structure of
the object itself.

We have the same .kind of results on synthetic
data for circle and limb. Results on synthetic data show
that our method is resistant to noise to reconstruct
geometrical shapes and that adding information is of
great help to obtain better results, especially to know
sizes of the objects.

B. Results on real images

We give examples of reconstruction of primitives
in a scene.

Figure 7 : first ami last images of the sequence.

The reconstruction is done using 8 images. We can
see the first and the last image of the sequence.
Between those two images the camera translates of 20
an.

The table is a trapeze whose measures are: 150 cm
for the long edge and 75 cm for the other ones. A first
reconstruction of the table is done using polyhedron
model but without any constraints. Results are listed
below.

back edge

front edge

left edges

right edges

rostill

159.8 cm

75.6 cm

99.1 cm

60.5 cm

error

9.8 cm

0.6 cm

24.1 cm

14.5 cm

error in %

6.5%

0.8 %

32.1 %

19.3 %

The object is not well reconstructed as the
disparity between the images is not large enough. We
have an average error of nearly 15 %. To obtain better
results we add constraints.

back edge

front edge

left edges

right edges

result

152.0 cm

75.6 cm

75.8 cm

75.8 cm

error

2.0 cm

0.6 cm

0.8 cm

0.8 cm

error in %

0.9%

0.8%

1.1 %

1.1 %



This next reconstruction is done using
geometrical constraints of the trapeze: coplanarity of
the points, equality of the two side edges, same
direction of the back and front edge.Sizes of the object
are better known.

If the operator notices that the three short edges
are equal in length and add it to the minimisation,
reconstruction can be improved again. It can be noticed
by seeing other views of the environment where table
are disposed so as to make obvious this remark.
Results are improved in this way:

back edge

front edge

left edges

right edges

result

150.9 cm

75.1 cm

75.1 cm

75.1 cm

error

0.9 cm

0.1cm

0.1 cm

0.1 cm

error in %

0.6%

0.1 %

0.1 %

0.1 %

Then we reconstruct the cylinder of the scene. Its
radius is about 12.4 cm. We have two primitives to
reconstruct it:: the circle and the limb. We reconstruct
it using only 3 images to test robustness of the
algorithm on images in difficult cases. The translation
of the camera between the first and the third (and last)
image is only 2.4 cm. having a good approximation of
the orientation of the camera in the world we can
estimate the difference between the axis of the
computed cylinder and the real axis. The
reconstruction of the cylinder is first done using the
two primitives separately:

circle

limbs

radius

13.46 cm

11.14 cm

error on radius

8.5%

10.2 %

angular error

60.1°

3.1°

Then without adding other images we add to the
function to minimise the fact that the circle and the
limbs describe the same cylinder: equality of the radius
and same direction of the axis. The results are
spectacularly improved:

circle

limbs

radius

12.12 cm

12.12 cm

error on radius

2.2%

2.2%

angular error

1.8°

2.5°

When using 10 images instead of only 3 we obtain
the following results:

circle

limbs

radius

12.34 cm

12.34 cm

error on radius

0.5%

0.5%

angular error

1.7°

1.7°

JU using uuurmauon gr
improves results on images.

»tlv

V. CONCLUSION

We have described here a method to find size and
localisation of geometrical elements using a sequence
of images. As it is a task for telerobotics, the system is

helped by a human operator. The information of the
operator aro included in the reconstruction so as to
obtain better results. We applied the method to
polyhedral primitives, cylinders and circles but it can
be extended to other primitives. The method has been
successfully tested on synthetic and real images. On
examples we can see that reconstruction is greatly
improved by pieces of information given by the
operator about the scene.
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