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Abstract: Tn this study, we have described an approach for a 3D scene reconstruction using 2 randomly
selected adjacent colored video frames. We have used a single uncalibrated video camera to take a record for
uncalibrated environment. The Selection of 2 frames based on the maximum homogeneity of points on these
frames are favorable; could be any two adjacent frames. The use of Harris technique were very useful to find
the edges and corners on each selected image (frame), then the use of the autocorrelation function based on
Gaussian’s function been used to find the corresponding matched points. Then the correlated matched pair
points are found on both images and by calculating the gradient of the correlated paired points on both images
represents approximately the Z direction (calculating dzdx and dzdy). This 18 yielding that each point on each
image (frame) can be represented in a 3D coordinates which yields to 3D shape estimation, which is achieved
by the RANSAC function. This method has got an errors, because of its dependence on probability. The main
advantages of the proposed approach is applicable for indoor and outdoor application. This technique is
sutting the natural real world applications. The proposed method 1s illustrated on a set of examples of an indoor

captured colored video records, the selected frames are selected randomly from the video records.
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INTRODUCTION

Reconstructing the scene from image sequences
captured by moving cameras with varying intrinsic
parameters 1s one of the major achievements of computer
vision research in recent years.

The reconstruction process 1s a set of consecutive
tasks to be accomplished. First task consists of extraction
of point landmarks, lines/curves and surfaces/regions in
2D. Secondly, regarding the geometry used; two frames
means two-views, relevant methods for determining the
correspondence between features are used. Then,
appropriate  transformation functions for image
registration are applied Finally, determination of the
reliability, accuracy and speed of applied image
registration methods are verified and compared to their
counterpart available m the literature.

Here, we are presenting a light survey m wlich the
problem of 3D extraction from a frame sequences 1s
tackled. After that, we investigate the literature for the use
of two-views to extract 3D structure. The basic
geometrical and algebraic notions that malke the
foundation for such extractions follow the latter
mvestigation. After that, we shade some light on different
image registration techniques and finally we quote some
words about camera self-calibration (Uncalibrated)
techniques as we think that it can be exploited somehow
to reach our objective in many different ways!™.

PREVIOUS WORKS OF 3D EXTRACTION

In the challenge of generating a qualitatively accurate
3D reconstruction of the actions performed by an
individual m a long (30 seconds) monocular image
sequence™®™. Tt is assumed the individual is not wearing
any special reflective markers or clothing. Any solution
must be able to cope with the multitude of difficulties that
may arise over several concurrent frames: severe self-
occlusion, unreliability of methods for limb and joint
detection, motion blur and the inherent ambiguities in
reconstructing rigid links from monocular images. Until
now, the only approach guaranteed to produce a complete
and accurate reconstruction in such circumstances is: for
each frame m the sequence, manually locate the skeletal
joints and perform 3D reconstruction using the method
of Mohan et alPl. The latter invelves solving the
forward/backward binary ambiguity for each rigid link by
inspection and estimating the relative lengths of each
limb. For very short sequences, this is a relatively
painless procedure, but rapidly becomes mnpractical for
longer sequences.

The traditional tracking approach to human motion
capture” is to perform manual itialization at the
beginning of the sequence and then update the estimate
of the reconstruction over time in accordance with the
incoming data.
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In"™, the authors considered the entire sequence,
approximate the actions present by a set of representative
frames (automatically determined from the sequence) and
from these obtained a coarse description of the subject’s
motion. Finer detail 1s added by locating the skeletal joints
mn each frame by extrapolating from manually mitialized
jout locations on the representative frames.

Their algorithm consisted of initialing extraction
of the keyframes summarizing the sequence, the labeling
of skeletal joint positions, formation of 3D keyframes
and interpolation of 3D keyframes and then the final
3D reconstruction.

The authors presented the performance of their
system for over 36 sec of tenms footage. They claimed
that this 1s the longest full-body 3D reconstruction
attempted from monoccular image datal'",

Once the mobile robot understands the required job
to be done, there 13 another problem which 1s the exact
way of handling the object; the three dimensions of the
object is needed to be extracted. In our application we use
a 2D optical images, this lead us to extract the 3D of the
object. Once the 3D shape extracted, the mobile can
handles the object in a better way.

For more reliable applications, the robot is fitted with
a video wireless camera. For example, the patient can
follow the robot navigation in more details as well as
handling the required object in more accurate way.

3D SHAPE EXTRACTION FROM A STEREO VIEW

There are two ways of extracting three-dimensional
structure from a pair of images or a pair of video frames
sequence. In the first and classical methods, known as the
calibrated route, in which firstly need to calibrate either
cameras (or viewpoints) with respect to some world
coordinate system, calculate the so-called epipolar
geometry by extracting the essential matrix of the system
and from this compute the three-dimensional Euclidean
structure of the imaged scene. The corresponding pixel
view point of X 1s given by Eq. 1.

X' =R+t (1)

Where X' is the corresponding view of X pixel point
on the second image on the stereo pair, (R) is the rotation
the two camera coordinate systems with two views and a
translation (1), (Fig. 1).

Taking the vector product with (1), followed by the
scalar product with (X') we obtain

X.(tARX)=0 (2)
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Fig. 1: The
view-centered coordinate systems

Euclidean relationship between the two

X

Fig. 2: The epipolar line along which the corresponding
point for must lie (single point demonstration)

Which expresses the fact that the vectors (Cx), (C'x")
and (C'C) are coplanar. This can also be written as
xTE=0 (3
Where E is the essential matrix which can be written

as follows in Hq. 4

“4)

Where (1) is represented as follow ©=(t.t,t)"
Equation (4) is the algebraic representation of epipolar
geometry for known calibration and the essential matrix
relates comresponding mmage points expressed in the
camera coordinate system.

However, the second or uncalibrated route, the one
we follow 1s more likely comresponds to real world
applications, which we are using it in our application. In
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Fig. 3: The epipolar line along which the corresponding
point for must lie (a set of matched points
demonstration)

an uncalibrated system, a quantity known as the
fundamental matrix, which 1s calculated from image
correspondences (Fig. 2) and this is then used to
determine the projective three-dimensional structure
object on the imaged scene®™.

Making extensive use of Projective Geometry, several
techniques have appeared in the last decades, which are
capable of recovermg the complete three-dimensional
information from perspective images. An important feature
of these algorithms is that no knowledge of the camera’s
positions and mternal parameters i1s required: They can
use uncalibrated images and produce so called projective
reconstructions. For the case of stereo given images, all
projectively relevant camera parameters are encapsulated
in a single mathematical object, the stereo tensor. The
tensor is all what is needed for projective reconstruction
and can be estmated from image measurements
(correspondences) alone as  Fig. 3. However, reliable
estimation of the stereo temsor is crucial for 3D
reconstruction from uncalibrated cameras. Linear
estimation 1s possible but not satisfactory because 1t
does not enforce the nonlinear constraints that must
be fulfilled by a valid tensor™™™.

Tt is a condition for the fundamental matrix (f) to be of
rank 2 and satisfy Eq. 5,

<
[x v 1]f y =0 (5
1

Where (x,y) point on left image and (x°, y*) point on
right image, also can be written as follows in Eq. 6 and
more simplified in Eq. 7,

f f f,
[x Y 1]* f, f, f,|* =0 (6)
f, f, f, 1

[Xx xy xyxyyyx y 1*f=0 (7)

Where £ =[f1 {2 3 £4 {5 {6 {7 {8 9]

REAL WORLD APPLICATION

In our application; we have used a single uncalibrated
video camera, take a record for uncalibrated environment
for a period of time. Tt is preferable the used video camera
has a high rate of frames recording per second, that yield
to a sharp image will be represent in each frame. This
technique 1s applicable for mdoor and outdoor
application. This technique is suiting the natural real
world application.

The technique in steps:

+ Take a record of few seconds or few minutes by
using digital video camera.

s Select 2 frames based on the maximum homogeneity
of points on these 2 frames; could be first and
second, third, forth, or tenth.

» By using Hamis technique to find the edges and
comers on each selected image (frame), then use
autocorrelation  function based on  Gaussian’s
function to find the corresponding matched points,
(this method has got a huge error), because of its
depends of probability.

» Once the correlated matched pomts are found on
both images, then the gradient of the correlated
pawed pomts on both images represents
approximately the 7 direction (dzdx and dzdy), which
1s achieved by RANSAC function.

¢ Then in this case the correlated matched paired
points can be represented m XYZ coordinates, then
each point on each image can be represented in 3D
coordinates which yields to 3D shape 1s estimation.

A RANSAC based procedure is described for
detecting inliers corresponding to multiple models in a
given set of data points. The algorithm we present in
this study (called multRANSAC) on average performs
better than traditional approaches based on the sequential
application of a standard RANSAC algorithm followed
by the removal of the detected set of inliers. We
illustrate the effectiveness of our approach on a synthetic
example and apply it to the problem of identifying
multiple world planes in pairs of images containing
dominant planar structures'™.

STEPS IN DETAILS

[ took a video film of 20 seconds Fig. 4, which 15 my
own table, books and computer. This film taken at a rate
of 30 frames per second.

Two frames are selected; fame number 146 and 151,
Fig. 4, the selected frames depends on a difference
between them not less than 3%.
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Fig. 4: A sample of some frames selected from a digital
uncalibrated video camera

Fig. 5: The corresponding matched pair points on both
gelected frames (A and B)

Fig. 6: Shows both selected frames are coincides on
top each other

By using Harris approach, finding the edge and
corners on both frames. The use of autocorrelation and
Gaussian’s function is used to find the corresponding
matched pair points on both selected frames (Fig. 5).

Fig. 7: Errors generated by Gaussians function when it is
applied to all points in both frames

This a4 30 shape points

Fig. 8: 3D shape shows 3D correlated matched points
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Fig. 9: Shows the estimated 3D image of the original 2D
image

The homogeneity correlated points Fig. 5, obtained
by using autocorrelation principles and a Gaussians
function. Figure 6 shows both selected frames are
coincides on top each other with a shown displacement
difference between the cormelated pair of points. This
difference is used to calculate dzdx and dzdy which is
used to estimate the 7 direction.

Joining the homogeneity correlated points by
straight lines, Fig. 7, long white lines are the errors
generated by Gaussians function when it is applied to all
points in both frames.

The fundamental and projective matrices are obtained
based on geometrical calculated on both frames.
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Finally a 3D shape represented by the following
correlated matched points, shown on this Fig. 8, which are
3D coordinate points (XYZ) coordinates. The elliptical
curves are added to Figure 8 shows these point are in a
3D representation.

Finally when we replace the texture of the original
shape (which is represented by one of the frames) onto
these 3D points, we get this shape (Fig. 9).

CONCLUSION

The main great problem was the error generated by
using the auto correlation function which is based on
Gaussians function to get the matching points on
both selected frames. In this application, we have
obtained 3D shape from a video film. We have used Harris
principle to detect comers and edges in both frames
from the taken video film. The second step was found out
the matching points between the detected pair of points
on both selected frames, on this step of matching means
that the camera calibration is done. This calibration is
done with an errors (when we say an errors, means that;
a texture which is the image of one of the selected frames
is stretched over the found matched pair points, but
now these points have a coordinates of XYZ) that's
vields to generate the fundamental and projected matrix,
which is done.

The 7 direction is obtained from the gradients of
each pair correspondent points on both frames. The
values of the gradient dzdx and dzdy represents the
values on Z direction of each pixel, which is achieved by
the RANSAC function.

The main great problem was the error generated by
using the auto correlation function which is based of
Gaussians function to get the matching points on both
selected frames.

Nevertheless, we presented the mathematical
foundation for the methods used in many different ways
to reach good approximations for matrices that relates of
2D to 3D images.

The problem under study is amongst the few
problems in the computer science field that are scolved by
well mathematically founded methods. Even though, we
remarked the absence from the literature of reporting
execution times or storage space required by algorithms
used in the extraction of 3D structures.
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