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Abstract The goal of VUDJOOD (existence) algebra is to provide the capability of visual intelligence for
intelligent machines that are like humans. These machines should visually recognize surrounding objects and
machines and finally decide which manufacturing disciplines, to be applied on the object. The present work is an
effort to accelerate achieving this purpose. In this paper we focused on the 3D recognition process using VUDJOOD
algebra theory. 3D Rotary Raster Photogrammetric Scanner (3D RRP Scanner) is designed and built at the Machine
Tools Control lab of IUST. This scanner is used to generate the points-cloud of objects. Then these points-clouds are
checked in the VUDJOOD equations. Finally the object which has the most overlapping with the points-cloud is
recognized as the desired object. Objects identifying Algorithm has been studied for a few objects with simple
geometry using the experimental tests. Dimensional accuracy of detection results is acceptable.
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1. Introduction
In recent years, many researchers have presented
different methods for identifying three-dimensional
objects. The ultimate goal of identifying three dimensional
objects is access to technology of making robot eyes that
acts Similar to the human eyes. Most studies are based on
image processing of 2D image and artificial neural
networks [1,2,3,4,5].
Alternatively, it is possible to estimate the 3D object
shape from its already available various 2D views.
Moreover, the object can be viewed from any angle
regardless of the acquisition process, and displayed
through standard rendering techniques. Another source of
information to capture 3D object shape is the direct 3D
information acquired actively by laser range scanners or
other coded light projecting systems. Such 3D data
acquisition systems can be very precise, but have several
drawbacks [7-19].
VUDJOOD algebra is a mathematical method that
describes a domain or region. The application of visual
artificial intelligence in manufacturing will be the next
developmental step in production technology. Operators in
this field will be universal humanoid robots that can
visually recognize surrounding objects and machines.
These robots will work with mathematical models of the
surrounding objects and machines. VUDJOOD algebra
can accelerate the development of autonomic-acting
machines and provide a tool for shape manufacturing [6].
It has been shown that body can be described by
mathematical operations. We know that all machine parts

are information carriers programmed to perform a
designer-defined task. Machines are mechanical
computers, and the manufacturing process is a method of
programming. The human environment is full of bodies
that can be influenced and changed by other humans or
machines. Every small relative movement or change must
be calculated by brain internal virtual reality. Because of
this internal virtual reality, a person knows what would
occur. The result of this calculation capability is visual
intelligence. To create intelligent machines that are like
humans, the mathematical laws of imagination must be
fully understood. VUDJOOD algebra provides a fitting
mathematical tool for comprehension and can be applied
to different manufacturing disciplines. Shape manufacturing
is not a human invention. Since the beginning of time,
nature has created bodies with the characteristic laws of
VUDJOOD algebra [6].
In this paper, we present our opinions on VUDJOOD
algebra theory from the viewpoint of 3D object identification.
Firstly, we analyze characteristics of VUDJOOD algebra
that are adapted to the study of object identification.
Secondly, we present our opinions on object identification.
Finally, we introduce our work on the points- cloud of
three-dimensional scanning device which is used for
identification i.e. Coordinates of points checked out in the
VUDJOOD algebra equations of geometrical models.

2. VUDJOOD Algebra Theory
VUDJOOD algebra is a mathematical method that
describes a domain or region, which can be used for
designing manufacturing software [6].
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The application of visual artificial intelligence in
manufacturing will be the next developmental step in
production technology. Operators in this field will be
universal humanoid robots that can visually recognize
surrounding objects and machines. These robots will work
with mathematical models of the surrounding objects and
machines.
The main objective in VUDJOOD algebra (VUDJOOD
is a Persian word which emphasizes the existence of an
object in real world ) is the representation of the region
that a material occupies in space and for this intend three
generator functions are employed:
1) Shape function: the surface of an object could be
recognized applying a body function. In fact, any point on
the object surface has an aspect in which the body
function for its adjacent points has a variation from 0 to 1
or from 1 to 0 (Figure 1).

3. 3D Object Recognition and Modelling
The task of recognizing a specific object in an image,
video, range scan or generally in real world is known as
object recognition. Humans find so many objects in a
single image with high precision, low effort and very low
time. As we tried to use the human vision pattern for
humanoid robots, our opinion is 3D object recognition, the
same as human eyes. In 3D object recognition, the object
can be identified despite all the translations, rotations or
when they are partially obstructed from view. This
problem is still a challenge in computer vision systems.
As a simplified problem some objects is presented to the
system and a database is created. And then for an arbitrary
input which is a range scan of the real world, the system
decides whether there is a predefined object in the scan or
not. And if there is, the system locates the object. The
advantage of our RRP 3D scanner is the capability of
doing this complicated task, real time.
The process of representing 3D objects as mathematical
matrix using specialized software is called 3D modeling
(or meshing). As a product of this process the 3D object is
represented by a collection of points which are connected
together by geometric entities. Various ways are available
to be used as these entities. For instance the 3D model of a
human body is illustrated in Figure 3.

Figure 1. Shape Function

Definition of Shape Function:

Body : x → {0,1}


1( x1 , , xn ) ∈ A

 Body A ( x1 , , xn ) = 0 ( x , , x ) ∉ A
 1
n


(1)

2) Cutting function: A multi variables function with real
value that divides its definition domain space
geometrically in to section with the oblique line
W = aX + bY + c , so that each section is described by one
of inequalities W>0 and W<0 .
3) Cost function: it has three types S, E, G which are all
defined in R → {0,1} . “W” is the input variable of cost
function which is also called Cutting argument. (Figure 2)

 G : R → {0,1}

1w > 0

G ( w) = 0 w ≤ 0



(2)

 E : R → {0,1}

1w = 0

 E ( w) = 0 w ≠ 0



(3)

 S : R → {0,1}

1w < 0

 S ( w) = 0 w ≥ 0



Figure 2. Operator Function

Figure 3. 3D Object Modeling sample [20]

In order to collect data for the sake of modelling and
recognition we built a 3D scanner. A 3D scanner is a
device that analyzes a real-world object or environment to
collect data on its shape and possibly its appearance (i.e.
color) [20]. After collecting data and analyzing them, they
have been used to build 3D models. These models are also
digital models. Despite various technologies which can be
used to build these 3D scanners, by considering their
limitations, advantages and costs, we built a RRP 3D
scanner. The details are available in section 4 of this paper.

3.1. Our Idea on Object Recognition
(4)

VUDJOOD algebra theory was developed at 2009 by
Mirahmadi [6] to accelerate the development of
autonomic-acting machines and provide a tool for shape
manufacturing. The purpose of VUDJOOD algebra is to
obtain a Mathematical model for bodies by the autonomicacting machine and then the application of its rules in
computer-aided manufacturing.
Considering the Object Recognition methods,
concluded that most of these methods are unable to create
an accurate 3D model of the body. And in methods such
as 3D scanners, a schematic model of the body is obtained

American Journal of Mechanical Engineering

so none of these methods can develop a mathematical
model.
Firstly we used a data base of different bodies with their
algebraic model from the viewpoint of VUDJOOD
algebra theory. Then the points cloud of the body which is
obtained by a 3D scanner is checked in the VUDJOOD
algebra equations of the database elements to show
whether it is one to these elements or not. This method
uses a digital 3D approach in the recognition process.
The main contribution of this method of recognition is
using real dimensions of the body. Thus not only the
process of recognition is done, but also the results are
available to generate the CAD/CAM files of the body.
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rotate first. For this article calculation is based on first Tilt
axis and then Pan Axis order. Image processing at last
ends with calculating of coordination (x, y) of focus point
(laser spot) in image’s matrix. Values of Cameras angels
(Φ, Ψ) in Pan and Tilt planes are feedback in each
iteration, depicted in Figures 6.a and 6.b, with knowing
focal length(f) and distance between two cameras(b) and
writing geometrical relations, 3D co ordinations of object
is calculated with coincidence method of rotation matrix.

4. RRP 3D Scanner
3D scanner is a special type of machine vision and is
used in 3D scanning of the surfaces of object. [21] Laser
based 3D scanners are designed and programmed on the
basis of coincidence and triangulation. In categorization of
optical 3D scanning methods, Rotary Raster
Photogrammetric method which belongs to non-contact
methods which are established according to coincidence
[22].
As it is illustrated in Figure 4. In this method an optical
spot seeps the object surface meanwhile this spot is
tracked by two rotational cameras in Tilt and Pan Planes.

Figure 6. a) Coincidence in 3D Scanner [24], b) Angles in RRP 3D
Scanner

φ: rotation angle in pan plate or Roll angle
Rφ: rotation matrix in pan plate or roll matrix

ψ : rotation angle in tilt plate or yaw angle

Rψ: rotation matrix in tilt plate or yaw matrix
(xl, yl): pixel number of laser spot in image of left
camera
(xr, yr): pixel number of laser spot in image of right
camera
(Xl, Yl): coordination of laser spot in left camera
(Xr, Yr): coordination of laser spot in right camera

( xl + xr )
x= b ∗

2

(5)

2

(6)

f
( xl − xr )

(7)

( xl − xr )
( yl + yr )

y= b ∗
z= b ∗
Figure 4. Rotary Raster Photogrammetric

4.1. Calculation of Focus Point

( xl − xr )

=
R Rψ ∗ Rφ
0
1

= 0 cosψ
0 sinψ

0  1
0


− sinψ  ∗ 0 cos φ
cosψ  0 sin φ

X 
 x
 Y = R ∗  y 
 
 
 Z 
 z 

0 
− sin φ 
cos φ 

(8)

(9)

Substituting Pixel numbers of (xr, yr) and (xl, yl) and
instant angles of camera (Φ, Ψ) in equation 9 would end
with values of (Xl, Yl) and (Xr, Yr) and then 3D
coordination could be implemented by using equation 5,6
and 7 at end.

Figure 5. Rotation Sequences [23]

4.2. Defining Coordinate Origin and Scan
Surface of Object

As Figure 5 suggests, there are two possibilities of
calculating of focus point regarding that which axis should

In order to limit laser spot to object surface, edge
detection is used to define object boundary and laser zone.
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Laplacian of Gaussian and Canny edge detection is used
in C# program to satisfy definition of laser zone. [25] The
algorithm of program includes different steps. In the first
step, program receives images coming from two cameras
and it continues with edge detection of images.
Completing the algorithm is done by coincidence of two
boundaries which results in required dates for motor
control of laser (Figure 7).

Two motors provide degrees of freedom for each
camera to rotate in tilt and pan plates. Actually, motors
carrying cameras are positioned according to laser point
data which are feedback from C# program to them. In a
similar way, laser is equipped with two motors which in
contrary of cameras, is positioned by data from boundary
and scan strategy (Figures 8.a, 8.b and 8.c).

5. Case Study
In this section the performance of the proposed
approach is evaluated for a user-defined database. The
objects in the data base were comprised from the
combination of three basic objects i.e. cylinder, sphere,
and cone. The VUDJOOD algebra equations of these
objects are given, and also the geometrical model of
hybrid object with data base are defined by VUDJOOD
equations.

5.1. VUDJOOD Algebra Equation of Basic
Object

Figure 7. Canny Edge Detection

Centroid of object is achievable by polygon class using
boundary information defined as mentioned. Polygon
class uses equation 10-12 to define centroid and as a result
center of mass [26]. As a matter of fact, centroid is
coordinate origin of object.

=
A

1 n −1
∑ ( xi yi +1 − xi +1 yi )
2 i =0

(10)

1 n −1
C x = ∑ ( xi + xi +1 )( xi yi +1 − xi +1 yi )
6 A i =0

(11)

1 n −1
C y = ∑ ( yi + yi +1 )( xi yi +1 − xi +1 yi )
6 A i =0

(12)

4.3. 3D Scan of Surface

Figure 9. a) Cylinder, b) Cone and c) Sphere

Cylinder:

Body ( w)= G ( x 2 + y 2 − R12 ) *
S ( x 2 + y 2 − R22 ) * S ( z − a ) * G ( z − b)

(13)

Cone:

=
Body ( w
) G( x2 + y 2 − z) *
S ( x 2 + y 2 − z ) * G ( z − a ) * S ( z − b)

(14)

Sphere:

Body ( w)= G ( x 2 + y 2 + Z 2 − R12 ) *
S ( x 2 + y 2 + Z 2 − R22 )

(15)

5.2. VUDJOOD Algebra Equation of Hybrid
Bodies
Hybrid bodies create from combined basic bodies, i.e.
hybrid bodies’ compound from basic bodies. Thus the
VUDJOOD algebra equation of hybrid bodies defined by
combined VUDJOOD algebra equations of basic bodies.
As it is illustrated in Figure 10 and Figure 11.

Figure 10. First hybrid body
Figure 8. a) C# 3D scanner program, b) RRP 3D scanner and c) 3D scan
of surface algorithm

Body
=
( w2) Body ( w3) ∩ Body ( w4)

(16)
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Body
=
(W ) Body ( w1) ∪ Body ( w2)

(17)

Figure 11. Second hybrid body

Body
=
( w2) Body ( w4) ∩ Body ( w5)
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Besides, total number of updates in optimization
procedure, number of non-improved updates and total
time of optimization process is determined through a trial
and error procedure during programming.
At the end of the program the object which has the
maximum number of points satisfied VUDJOOD
equations are determined as the nearest object to the under
scanning object.

(18)

Body (W ) = Body ( w1) ∪ Body ( w2) ∪ BOdy ( w3) (19)

5.3. Identification of Points Cloud

6. Experimental Result
Identification of points-cloud and USERFORM of
CATIA illustrated in Figure 12.

For fast identification of the object and also in order to
performing real time identification, the recognition
process is divided into two phases:
In the first step of recognition, the points-cloud of
objects boundary is exploited. In this phase the pointscloud of the object are checked out in the VUDJOOD
equations of data base object in order to filter the objects
in the data base which are equivalent to under scanning
object. The result of first-step is pre- recognition and
remove of nonequivalent object which will lead to volume
and time reduction for final recognition.
Second step of identification consists of using the
points- cloud of the object surface and checking them out
in the VUDJOOD equations of the filtered objects of
previous step. Certain and entire recognition of the object
is the result of second step.

5.4. Identification Algorithm
The identification algorithms in both steps are quite
similar as shown in the flow chart:

Flow chart 1. identification algorithms

At first, the points-cloud are imported into Digitized
Shape Editor in CATIA software, and then work space is
changed to part space and according to the flow chart of
points-cloud, are converted to geometrical points. The
program opens the first object in the data base. When the
programs reach this phase the work space of the soft ware
is changed automatically and will be entered in to Product
Engineering Optimization (PEO). The objective function
of the program is to maximize the points which satisfied
the VUDJOOD equation of each object. The free
parameters which provide the conditions for being
optimized with self-variation contains of three translation
and three rotation, and also simulated annealing(SA)
algorithm is employed to optimize the objective function.

Figure 12. Identification of points-cloud
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7. Conclusions

[9]

The main contribution of this paper is to propose an
algorithm to detect the objects from points-cloud using
VUDJOOD equations. In this study the points-cloud are
obtained using laser based 3D scanner and image
processing, then via programming in the Visual Basic
Editor of CATIA the points-cloud are compared with the
VUDJOOD algebra equations in the data base , and
consequently the recognition is carried out according to
proposed algorithm.
In this paper for the first time, the VUDJOOD
equations were employed for mathematical description of
geometrical model of the objects and the capabilities of
these equations in object recognition was determined.
The accuracy of the proposed algorithm was
investigated in terms of practical experiments and the
speed and the precision of 3 sec, ±0.3mm for simple
shapes such as cone, sphere, and cylinder were achieved,
and the speed and precision of 6sec and ±0.3mm for
hybrid objects were also attained.

[10]
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