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INDIRECT FORGE CONTROL IN 6DOF HUMANOID ROBOT
ARM USING IMPEDANCE CONTROLLER

Behnaz Hosseini', Cihat Bora Yigit*, Arezou Rahimi', Pinar Boyraz*
*Mechanical Engineering Department, Istanbul Technical University
'Control Engineering Department, Istanbul Technical University

Abstract:

This paper presents the implementation of a 6 DOF impedance control on a
humanoid robot arm (UMAY) to balance interaction forces between arm and its
surrounding environment. A concise description of analyzing procedure is given
for modeling and simulation of a robot arm focusing on the particular way it
interacts with its environment under impedance control scheme. The modeling
and comparison are made by adopting Matlab/ Simulink environment, in which
we use SimMechanics to produce the mechanical model of UMAY’s 6 DOF arm.
An alternative Euler angle-based method, which moderates the effects of
representation singularities, is used to display the end effector orientation. The
resulting impedance controller is designed according to dynamic model based
strategy in which inner loop acting on the end-effector position and orientation
error is adopted to gain robustness to unmodeled dynamics and external
disturbances. Final results display the impedance controller performance
managing interaction forces in order to obtain safe and feasible operations within
the workspace.

Introduction:

The remarkable proficiency that humans exhibit in various manipulation tasks,
especially considering unknown objects or environments, is a long target of
robots. For a robot manipulator to interact safely and in a human- friendly way in
unknown environments, it is necessary to include an interaction control method
that reliably adapts the forces exerted on the environment in order to avoid
damages both in the environment and on the manipulator itself. Therefore,
human-robot interaction is one of the core areas in the research effort put
towards making robots safer and more human friendly. In contrast with direct
force control methods which can be used in practice where the maximum or
threshold value of force to be exerted is known in advance, an indirect force
control technique can be found more appropriate when applied in a scenario
involving unexpected collisions or contacts [1,9]. Impedance control [2] is one of
these indirect force control methods. The objective of indirect force control is to
control neither force nor position but their dynamic relation, the desired
impedance, along each direction on the task space [1]. Moreover, the steady-
state force can be easily set to a desired maximum value [3]. The main idea is that
the impedance control system establishes virtual new impedance for the
manipulator, which interacts with the environment as if new mechanical
elements (mass-spring-damper system) had been included in the real

9
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manipulator [4, 8]. Humanoid UMAY is designed to target especially human-robot
interaction using its multi-mode interfaces having learning capabilities. UMAY
aims to help incremental rehabilitation of children with Autistic Spectrum
Disorder (ASD) utilizing its modular structure [12]. (Figurel)

The main contribution of this work is to exhibit the application of a six-DOF
impedance control algorithm on humanoid robot-arm. To achieve this goal, first,
a mechanical model of the robot structure is created using
Matlab/SimMechanics. In order to make the system linear and decoupled, the
impedance controller is designed according to an inverse dynamic strategy with
contact force and moment measurements, leading to a resolved-acceleration
scheme. For three-DOF tasks, only the end-effector position and contact linear
force have to be considered. On the other hand, in order to perform six DOF
tasks, a sufficient representation of end-effector orientation displacement to be
related to the contact moment should be sought after. In order to mitigate the
effects of representation singularities, in this paper, we used an impedance
equation, which is based on a suitable set of Euler angles extracted from the
mutual orientation between the compliant frame and the desired frame [4]. As
final step, impedance controller is designed and used to control the forces
exerted by the six DOF robot arm. To test the control system, the robot is given a
reference input trajectory that causes the robot to hit a wall so as to observe the
performance of the robot- environment interaction.

1.Mechanical Model:

The first step is to form the mechanical model of six DOF arm of humanoid
UMAY. Figure 2 shows the model of the arm described with SimMechanics. The
model is composed of six revolute joints and six rigid bodies. The module receives
torques as input and yields joint angles, torques, end-effector position and
orientation as outputs. Body masses, inertia matrices and center of gravities are
extracted from the Solidworks model of the UMAY arm. SimMechanics
automatically creates a visualization of all the bodies in mechanical model. During
simulation, a motion simulation of the mechanism is generated to observe the
motion capability closer. Figure 3 shows the visualization of UMAY SimMechanics
model.
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Figure 3. Visualizing UMAY robot arm in SimMechanics

2.Dynamical Model:

We will be introducing the general dynamic model of the generic 6 DOF robot
arm here and then apply the results to the arm of humanoid UMAY. For a six-DOF
rigid robot manipulator, the dynamic model can be written in Lagrangian form

B(q) g+C+d+/T(q) h=1 (1)

Where q is the (6X1) vector of joint variables, B is the (6 X 6) generalized mass
matrix, C is the (6x 1) bias terms including Coriolis and gravity, d is the (6X 1)
vector of friction torques, 7 is the the (6x1) vector of driving torques, h=[fT u"]"
is the (6Xx 1) vector of contact forces exerted by the end effector on the
environment and finally J is the (6X6) Jacobian matrix. In order to achieve
dynamic parameters of the UMAY robot arm, we used Spatial Operator Algebra
(SOA) method [6], in which we use two main equations (2) and (3)

B=H" ¢$" M ¢ H (2)
C=HT ¢pT(M pa+h) (3)

In equations (2) and (3), the variables are described as follows:
H is the axis of rotation and/or translation matrix of the arm,

1
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¢ is the propagation operator of the arm,

M is the Mass matrix of the arm,

a is the Stacked bias spatial acceleration of the arm,

b is the Stacked bias spatial forces of the arm.

3. Dynamic Model-Based Compensation

The dynamic model in the form (1) is represented by a set of n second-order
coupled and nonlinear differential equations relating the joint positions,
velocities and accelerations to the joint torques and end-effector force and
moment. A classical strategy to control this type of mechanical system is using
the inverse dynamic control, which is aimed at linearizing and decoupling the
manipulator dynamics via feedback. Nonlinearities such as Coriolis, gravity and
friction torques can be merely cancelled by adding these terms to the control
input, while decoupling can be achieved by weighting the control input by the
inertia matrix [4,5,7]. According to this dynamic model-based compensation, the
joints driving torques can be chosen as seen in equation (4)

t=B(q)a+C+d (4)

Folding this control law into the system model yields (5)

j=a (5)

Equation (5) constitutes a linear and decoupled system corresponding to a
double integrator between the input @ and the input g. The quantity a represents

a resolved acceleration in terms of joint variables. Since equation (5) contains g, it
is worth considering the time derivative of the end-effector velocity (1), i.e.

V,=1(a) G+ (a,4)q (6)

At this point, the control input a can be chosen as indicated in (7) and (8);

a=]"a) (@ (a,q)q) (7)
V,=a (8)

Where a attains the meaning of a resolved acceleration in terms of end

effector variables and we can partition a into its linear and angular components,
i.e

aO
a= 9
la.] (9)
Therefore equation (8) can be written as in (10) and (11)

De = ap (10)
We=a, (12)
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a, and a,, are designed so as to ensure tracking of the reference end-effector
orientation and position trajectory, respectively.

Assuming no interaction with the environment (h=0): A position error
between the reference and actual end-effector position can be defined as in (12)

A Pge=Pa-Pe (12)
Then the resolved linear acceleration can be chosen as in (13)
ap= Pat KDp A Pget KPp A Dge (13)

, where Kj,, and K, are suitable feedback matrix gains. Substituting (13) in
(10) gives the closed-loop dynamic behavior of position error

A pée"' KDp A p(.ie"' KPp A Pae= 0 (14)

In order to define orientation error, an alternative Euler angles error can be
considered which is based on the rotation matrix describing the mutual
orientation between reference and end-effector frames (see (15)).

RS =R Ry (15)
Differentiating (15) with respect to time gives (16)

R§ =S (2 wg) R (16)

, where S(A wg,) is the skew symmetric matrix of end-effector angular
velocity error, which has been referred to the end-effector frame. Considering
@, as the set of Euler angles that can be extracted from R¢, we can achieve the
relation of A wg, and the time derivative of ¢, like the way shown in (17)

A wgez T(Pae) Pae (17)

The time derivative of (17) gives the acceleration relationship in the form of
(18)

We = g~ To(Pae) Pae- Te(q’de' ®ae) Pae (18)
, Where
Te(®ge) = Re T (@ge) (19)

In view of (18), the resolved angular acceleration can be chosen as in (20)

a,= gt Te(Pge)(Kpo (p;ie+Kpo Pae) - Te((pdel Pae) Pae (20)

13
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, where Kp, and K,,, are suitable feedback matrix gains. Substituting (20) into
(11) gives the closed loop dynamic behavior of the orientation error expressed in
(21)

PaetKpo (pde"'Kpo Pqe=0 (21)

The system described in (21) is exponentially stable for any choice of positive
definite Kp, and K,,. The clear advantage of the alternative over the classical
Euler angles error is that by adopting a representation @4.= [@ge, Bae, Vael” for
which T (0) is nonsingular, representation singularities occur only for large
orientation errors, e.g. when S, =+m/2 for XYZ representation. In other words,
the ill-conditioning of matrix T is not influenced by the desired or actual end-
effector orientation but only by the orientation error; hence, as long as the error
parameter satisfies the relationship given by | B4. |< /2, the behavior of system
is not affected by the representation singularities. [7,10]

4.Impedance Controller:

So far we have modeled and controlled the dynamics of 6-DOF UMAY arm
without considering any interaction with the environment. The next step is to
design a controller that regulates the interaction when the robot contacts the
environment. The simple scenario can be described as follows: at present, if the
robot follows a pre-defined trajectory that is determined on its way to an object,
it may collide with the object, then trying again to reach the final end position of
the given trajectory, and hence, likely to be exerting large forces into the contact
environment, therefore, that would likely to have high degree of damages to a
real robot and/or the object of collision. To avoid such massive impact forces, an
impedance controller is introduced so that its input is the reference trajectory at
each time step. Additionally, the measured contact forces will be included on the
controller so as to get an immediate feedback of the contact state. The output
will be a modified trajectory that takes into account the contact forces. This
frame is referred to as the compliant frame and is specified by a position vector
p: and a rotation matrix R.. In this way, the inverse dynamics motion control
strategy can be still adopted as long as the actual end-effector position p, and
orientation R, is taken to coincide with p. and R, in lieu of p; and Ry
respectively. That means, if no forces are sensed, the trajectory will be followed
strictly. Otherwise, when forces are measured, the trajectory will be modified in
order to limit the maximum steady-state forces and to dynamically behave as the
mass- spring-damper system. A block diagram of the resulting scheme is sketched
in figure 4, which reveals the presence of an inner motion control loop with
respect to the outer impedance control loop. [10]
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Figure 4. Impedance control structure with inner motion control loop
The translational impedance equation is chosen so as to enforce an equivalent
mass-damper-spring behavior for the position displacement when the end-
effector exerts a force f on the environment, like the equation given in (22)
My, A Dic+ Dp A Pye+Ky A pye=f (22)

, where M,,, Dp and K, are positive definite matrices.

Figure 5 shows the translational impedance control scheme. The controller
parameters were M,,= 5kg, D),= 1000Ns/m and K, = 10N/m.

o

desiredd accelaration compliant aceeleration
)
desired velocity compliant welocity

1 1

el — .l — .
L L L

E] 5
compliant position
& inversetdn Integratar Integrator2 u u
Dp
Fou desired position
K

F

F1

Figure5. Translational impedance control scheme

With reference to the scheme in figure 4, the translational impedance control
generates the reference position for the inner motion control. Therefore, in order
to allow the implementation of the complete control scheme, the linear
acceleration according to the previous section is

ap= Pct KDp A p.ce"'KPp A Pee (23)

15
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, Where A p..=p.- P, is the position error between compliant and actual
frame.

Adopting the alternative Euler angles displacement, ¢4, , rotational
impedance at the end effector can be defined as in (24)

My @gc+ Dopac+ Ko(pdczTT(<pdc) uc (24)

, where M,, D, and K, are positive definite matrices describing the
generalized inertia, rotational damping, rotational stiffness, respectively, and u°
is referred to compliant frame. Figure 6 shows the rotation impedance control
scheme. . The controller parameters were M,= 5kg, D,= 500Ns/m and K, =
50N/m.

)
desired angular acceleration campliant angular accelaration

2
compliant angular welocity

desiredt angular velocity

irverseMa  Integrator! | Integrator3
Do

torgue in camplint
frame

hatriz

toraue Multiply

compliant angulsr position

Procuct

desiret anguiar position

MATLAB Function

transformation

Figure 6. Rotation impedance control scheme

On the other hand, with reference to the alternative Euler angles error used in
(20), the angular acceleration is taken as in (25)

A= ajd - Te((pder ga;ie) (p;ie' Te((pde)((p.c'ic + KDo((p;ic' (p;ie)+Kpo((pdc' (pde)) (25)

, where the orientation control acts to take ¢, to coincide with ¢,.. [4,10]

5. Modeling Environment:

To deal with the robot interaction with the environment or external forces
acting on the robot, obtaining correct model of the acting forces is crucial when
designing robot applications. Therefore, a model of the environment is included
in our system whose interaction force will act on our robot tool end. We assume
that the environmental stiffness can be modeled as a linear spring with a spring
constant Ke, and a damper with a damping constant B,, so it can be modeled as
in (26)

f= K (x-x.)+ B X-%,) (26)

In (26) f is the contact force, x is the end-effector position at the contact point,
X, is the static position of the environment and x, is the desired end-effector
position. As we see in (1), in order to take contact forces into account on the
dynamic response, the term JTh translates the task-space forces acting on the
end-effector to the joint space making use of the transpose of the Jacobian. [11]
6. Results:
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In order to test the performance of the control system, in the case of no
interaction with the environment, the desired trajectories are given to the robot
arm. The input trajectory for the X-axis is a ramp starting at 0.1159 (m) with slope
of 0.02 (m/s), which continues with the constant value 0.2159 (m) after 5
seconds. The reference for the alpha angle is the ramp starting at 0.3694 (rad)
with slope of 0.02 (rad/s) and continues with constant value 0.4694 (rad) after
t=5s. In control loop, we set Kp,,=Kp,=1000, Kp,=Kp,=2000. As it can be seen in
figures 8 and 9, the end-effector is tracking given desired trajectory with high
accuracy. The mean square errors (MSE) in this operation for position tracking is
1.1255e-7 and for rotation tracking is 4.3832e-11, which emphasize on the high
performance of the controller.

Position Trajectory Tracking Without Force
022 T T T T T T T T T

0.2+ -

0.18 E

X Pozition [m]
o
>
T
1

0.14 E

0.1 1 1 1 1 1 1 1 1 1

1 2 3 4 5 3 7 8 ] 10
Time [s]

Figure 8. Position (X) trajectory tracking
Without applying force on end-effector
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Orientation Trajectory Tracking Without Inserting Torque
0.48 T T

044 |

042

alpha Rotation [rad)
1
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0 1 2 3 4 5 6 7 8 9 10

Time[3]

Figure 9. Orientation (alpha) trajectory tracking
without applying torque on end-effector

In order to show the response of the position impedance control system while
approaching and contacting the environment, at X=0.23, we installed a wall,
which modeled as defined in (26) with K,=500000 N/m, B,=0.1 Ns/m. Figure 10
shows that, at the contact point, the impedance controller reacts to redefine a
new position trajectory that limits the steady state force, by limiting the X
reference position to a value of 0.23.
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Position Trajectory Tracking inserting force
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Figure 10. Position (X) trajectory tracking applying force on end-effector

On the rotation part of impedance control system, a constant torque is
inserted to the system at t=4s, while the end-effector tracking given desired
trajectory. Similar to the previous case, the impedance controller bounded the
alpha reference angle to a value of 0.45, in order to limit the torque, which is
applied to the environment by the end-effector.
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rotation Trajectory Tracking inserting Torque
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Figure 11. Orientation (alpha) trajectory tracking
with applying torque on end-effector
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Abstract

In this paper a new implementation approach for visual-servoing in six
degrees of freedom (DOF) is described. In general approach of visual servo
controls, the procedures of close loop image-based visual-servoing(IBVS) need
depth information, which plays a crucial role in the overall algorithm
performance. The depth information has to be obtained fast in each iteration for
calculating the interaction matrix .The motivation of this paper is not similar to
other visual servoing method, which use eye-in-hand method, using IBVS scheme
which is adapted for an eye-to-hand configuration. The implementation is
achieved with a optical depth sensor to control the position and orientation of its
end effector. Obtaining the depth information directly from Kinect accelerates
the solution, and reduces the computational cost of the control algorithm. The
framework is implemented on the UMAY humanoid robot. The implementation
on UMAY is performed using the ROS as software architecture. The results
presented show simulations on Gazebo. The robot is tested with different
rehabilitation-play scenarios with the applied method.

Introduction

Humanoid robots are designed with a human form factor, which defines
similarity between human and robot behaviors. The desire for this kind of design
is rooted in the need to bring robots into everyday environment. Many of the
earliest motivations for developing humanoids, centered on creating robots that
can play a role in the daily lives of people. Today, humanoid robots are being
developed to provide the elderly with assistance in their homes and to support
medical care. To enhance the robot control performance, vision data are
integrated into the robot control systems [2]. Visual servoing is a form of control
that directly incorporates visual information into the control loop [1],[3]. Early
works on using visual servoing for enabling a robot to grasp objects are reported
in [4] and [5]. Since then, it has been utilized in much more complicated
scenarios. The realization of robots similar to humans has been the goal of many
research groups around the world. The replication of the human visual sense is
one of the most important aspects of such goal. Humanoid UMAY aims to help
incremental rehabilitation of children with Autistic Spectrum Disorders (ASD)
utilizing its computer-vision interface as a core capability. Human-robot
interaction and robot learning in UMAY need to use visual servo control as a sub-
module to interact with its environment in a more controlled way. The visual
sense is often lacking in many human-made machines. In fact, without visual
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information, manipulating devices can operate only in “structured”
environments, where every object and its relative position and orientation is
known a priori. With the increase of real time capabilities of visual systems, vision
is beginning to be utilized in the automatic control as a powerful and versatile
sensor to measure the geometric characteristics of the work piece. Visual
servoing is a form of control that directly incorporates visual information into the
control loop. Incorporating visual feedback makes it robust to errors that may
come from a lack of calibration, system noise or the nature of the environment
[1]. For these reasons, visual servoing is an attractive choice for performing
manipulation tasks as opposed to open-loop approaches such as the one
described in [3] .It is very well known that the depth information in visual-servo
control is the most imperative one, especially in uncertain environments. Unlike
other visual servo approaches, which use eye-in-hand or stereo configuration, the
solution proposed here uses a depth camera that is located in the middle of torso
of the robot. This is aimed to bring the advantage of calculation of the depth
information with higher accuracy.

System overview:

The visual servoing framework has been implemented for UMAY Robot shown
in Fig 1, UMAY is a humanoid platform that has 6 DOF arms, a special hybrid neck
mechanism[10], and a moving base platform. Humanoid UMAY can be used in
clinical therapies for the children with ASD using some rehabilitation tools or toys.

1- End-Effector

2- Neck Mechanism
3- Right and Left Arm
4- Kinect

Figurel. An overview of UMAY robot with sensor positions indicated
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In order to describe the kinematics and dynamics of robot Umay we use The
Denavit-Hartenberg parameters as seen in Table 1.

Alpha
i (i-1) a(i-1) d(i) teta(i)
1 0 0 0 T1
2 -90 0 20 T2
3 90 5 264 T3
4 -90 0 0 T4
5 -90 0 212 T5
6 90 0 0 T6
Table 1. D-H parameters of Umay
ST
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Figure 2

Simulation Environment

A computer with an Intel i5 processor and 4 GB RAM was used for the
simulations described below. The operating system of the computer was Ubuntu
12.04 and runs Robot Operating System (ROS) (Groovy version) and Gazebo (1.5
version) as the dynamic simulator. C++, Python programming languages and
OpenCV (2.6.1) computer vision library were used. The figure 2 shows the
connection between the ROS nodes. Gazebo publishes the depth and RGB images
which are taken from the simulated depth camera. In addition to this, Gazebo
publishes the ‘joint states’ topic which includes kinematic states of the joints.
Since the robot arm has 6 degree of freedom, there are 6 joint velocity controllers
which can be seen from the left part of the figure. ‘image processing’ node,
subscribes the RGB images topic and finds the red object and green end effector.
It publishes the coordinates in image frame. ‘Visual_servo_controller’ node
implements the IBVS controller which is explained in this paper.
‘Motor_commands_sender’ subscribes the joints states in order to calculate
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Jacobian matrix and visual servo controller for taking the desired velocities of the
end effector. It calculates the velocities of all motors. Joint controllers control the
motors speeds. The depth camera runs on 1 Hz and other nodes run on 100 Hz.
‘message filters’ library was used for synchronization of depth and RGB images.

Visual servoing

Image-based visual servoing (IBVS) uses direct image measurements as
feedback to control the motion of the robot. The robot’s positioning task is
expressed as an image-based error function to be minimized using a suitable
control law. In terms of manipulation, one of the main motivations for
incorporating vision in the control loop was the demand for increased flexibility
of robotic systems. Image based visual servo control uses image features derived
from image plane and the servo controls them to a desired goal configuration.
Even if new visual features were proposed, point features still remain the most
used image measurements in designing visual servo control laws. Usually these
measurements comprise the coordinates of the centroids or corners that describe
an object. Purpose of any image based control architecture is to drive a robot
system using information acquired by a visual sensor [2]. Therefore, the main
goal of the image based visual servoing is to control the end-effector of a robot
arm such as a set of image features to reach a desired configuration. If the
considered robot system is a manipulator robot that has a video camera mounted
on the gripper then a visual servoing structure with an eye-in-hand configuration
is formed. In order to achieve the main goal, a trajectory for the video camera
must be designed. The trajectory is given by the integration of the camera
velocity obtained from the IBVS architecture by minimizing the error between the
current point features configuration and the desired one [7-8]. The error between
point features in the image plane is defined as in (1):

e(t) = s(m(t),a) —s* (1)

The parameters in (1) are defined as follows: The vector m(t) is a set of image
measurements (e.g., the image coordinates of interest points or the image
coordinates of the centroid of an object). These image measurements are used to
compute a vector of k visual features, s(m(t),a), in which a is a set of parameters
that represent potential additional knowledge about the system (e.g., coarse

camera intrinsic parameters or  3-D models of objects). The vector s* contains
the desired values of the features.Actually, there are two fundamentally different
approaches to visual servo control: Position-Based Visual Servo (PBVS) and Image-
Based Visual Servo (IBVS). Position-based visual servoing uses observed visual
features, a calibrated camera and a known geometric model of the target to
determine the pose of the target with respect to the camera. The robot then
moves toward that pose and the control is performed in task space which is
commonly SE (3). Good algorithms exist for pose estimation but it is
computationally expensive and relies critically on the accuracy of the camera
calibration and the model of the object’s geometry. Image-based visual servoing,
omits the pose estimation step, and uses the image features directly. The control

26



CONTECH13

is performed in image coordinate space R2. The desired camera pose with respect
to the target is defined implicitly by the image feature values at the goal pose. As
IBVS methods, which utilize direct feedback from image features to motion
control, have been proposed to handle many stability and reliability issues in
vision-based control systems, we use this method in implementation of visual-
servoing in UMAY as well.

Image based visual
servo Control scheme

manipulator

Image Feature Extraction
Get depth information

Fig3.Block diagram of visual servo control using kinect

From Figure 3 , we can see the IBVS takes the error from the two-degree
image plane space. Let s be the current image feature observed by the camera
and s* be the desired value of s to be reached.

If the task of extracting point features and finding the correspondences in the
desired configuration are completed, then a relationship between time variation

of s and end effector can be generated. Let vc* be a vector composed from linear
velocities of the camera frame and the instantaneous angular velocities of the
camera frame. The link between the motion of point features and camera
velocity v¢ is given by (2):

s =Lgv (2)

The Lg is the interaction matrix (namely called the image Jacobian matrix)
related to s. It is well known that the Jacobian matrix plays an important role
when we define the control laws. Based on the classical perspective projection
model with a fixed focal length and the relation of the 3D point (X,Y,Z) in Euler
coordination and the 2D image point (x,y) in image plane space, two successive

21



CONTECH13

rows of Ly are given by(3):

-1 X
Z z o —(+x?
B=ly 21 2 14y (—xy) 2@
0 5 z y
Where L € R2n><6 denotes the image interaction matrix of n point features [9]

that compose the vector. In this work, we choose four points, so interaction
matrix is 8x6. In this matrix, Z represents the depth of the image point (x,y)
,distance between end effector and desire object is unknown , thus the real value
of Jacobian is obscure.

Le=|2@®

€ =L, V; (5)

A classical proportional controller is defined [2] considering the static model

of the velocities control loop, i.e v¢ = vc*,from equation (5):

Ve =-ALte(6)

Where L{ is the approximation of the pseudo-inverse of L, .The output of the

image-based controller is the reference velocity vc* of camera in eye in hand
method. In this work, as we use eye to hand method we follow end effector and
object in image plane of depth camera thus the output is Ve, velocity of end
effector.

We have established the relationship between the velocity of individual joints
and the translational and angular velocity of the robot’s end-effector as follows.
This equation describes the instantaneous forward kinematics where v = (v, vy,

vz, Wy, Wy, wz) € RO is a spatial velocity and comprises translational and

R6><N

rotational velocity components. The matrix J(q) € is the manipulator

Jacobian or the geometric Jacobian.

V=J](@q (7)

After finding velocity of the end effector using suitable controller, we should
find velocity of each joint using (6):

q=]""q.(8)
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In order to ensure better performances of a servoing system, different types
of controller were used. Here we give a brief description of them;

As mentioned previously, there are different ways of defining the Image
Jacobian. It can be defined in the current pose, and is then calculated using the
current distances to the object. This is called Dynamical Image Jacobian Lp. It is a
common alternative in using 2D cameras that is to define the true z in interaction
matrix i.e. distance between initial position of end effector and desired object.

This time the Jacobian is called the Constant Image Jacobian L* . Unlike Ln, L* is
constant over time and does not require image measurements for its adaptation
to the current pose [6].

Finding z in each iteration using 2D camera is extremely costly and difficult in
contrast to operating with depth cameras in which the calculation is drastically
simpler. Using depth camera helps forming interaction matrix in a more
computationally efficient way.

Simulation result for controller using Constant Image Jacobian:

The control problem can be expressed in terms of image coordinates. The task
is to move end effector indicated by green square toward desired point indicated
by red square. The points may, but do not have to, follow the straight line paths
indicated by dot line. See Figure 4,6.

800 Figure2
File Edit View Insert Tools Desktop Window Help
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Figured.Views of end effector trajectory using controller with Constant Image
Jacobian
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Figure5.velocity of end effector using controller with Constant Image Jacobian
Simulation result for controller using Dynamical Image Jacobian:
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Figure6.Views of end effector trajectory toward desired point with Dynamical Z
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Figure7.velocity of end effector with controller
using Dynamical Image Jacobian

Screenshot of the simulation environment:

In Simulation the complete camera-robot system is modeled. This includes the
complete Umay robot arm with inverse kinematics, rendering of the camera
image in a realistic resolution and application of the image processing algorithms
to obtain the image features. see Figure 8,9.
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©© Kinect RGB

Figure8

OO Kinect RGB

Figure 9.Simulation of optical depth sensor -robot system
with simulated depth camera image (bottom left)

As you see below end effector reaches the desire point, According to the
given result , it can be said that the controller with Dynamical Image Jacobian Ln
,gives better result in compare to other controllers.
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Abstract: Today with software design and diagnostic methods for malfunctions
of machines and availability of computer tools, industrial came to exploited the
machine at a time maximum, with a guarantee of zero failures. And, by monitoring
of rotating machinery and maintenance management cost.

In this paper, we present applications of industrial signal processing techniques
used in vibration diagnosis and early detection of rotor imbalance, which leads
eventually to the emergence of other mechanical defects, namely: The wear and
bearing fault. We first present methods for spectral analysis of high resolution,
using a data collector vibration for vibration measurements (levels and signature).
Then, we present an analytical method for the detection of mechanical or electrical
defects that may arise during the operation of the facilities. Powerful software
is used to load the routes machines. The measures identified experimentally are
compared with those of the literature.

An application was made on an industrial machine: a shredder.

Introduction

Condition monitoring by vibration analysis prevents premature the appearance
of defects with a true state of the machine at any time. It allows programming of
interventions and repairs on the machines. The vibration monitoring is provided
by vibration measuring devices with whom the monitoring of rotating machinery is
ensured with periods determined by their states based on international standards.
This monitoring technique identifies the mechanical or electrical failures that may
occur during operation of the machine, such as defects:- bearing, wear, alignment,
gearing, unbalance (imbalance of rotors, fans, ...) of flexion, transmissibility of
vibration structures, the electromagnetic motors (eccentricity of the magnetic field,
wear plates, electrical interference, ...). We can also mention the malfunction of
some rotating machines: centrifugal pumps, fans ventilator,...

Inthiswork, the early detection ofanomaliesisduetothe spectralinterpretations.
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The spectra are provided by a data collector and vibration analyzer MOVILOG 2
which is associated with its PC DIVADIAG predictive maintenance software. This
allows also to deepen the spectral analysis of signals and detection precision of the
source of anomalies which cause vibrations. [1]

Application:

We intend to present a case study lived in a factory hygiene baby products:
paper shredder.

We will not insist on the theoretical side because it has been the subject of
recent research [2,3,4,5,6]. We insist more on the experimental part. We will
proceed to results confrontations between theory and experiment. We proceed
directly to the application by citing the essential formulas.

1. Description of the machine :

The shredder is a cutting mill located in the preparation area in a factory hygiene
products. The machine consists of an asynchronous electric motor turning 2985
rpm / min and power of 90 kW, the movement is transmitted by a belt with two
driving and driven pulleys to a line shaft supported by two bearings separated
bearings and supporting a shredder comprising a shaft on which are mounted the
knives (see photo 1-2), rotating at the speed of 3300 rev / min (see Figure 1-1).

Figure 1-1
Shredder

F— Cylinder

Motor

0oo0O00
3 |ooooco
00G0D0 -XJ

00C0Do

QOOOnD Photo 1-1 Photo 1-2
00C0Do

Kinematic shematic and
vibration measurement points

Principal theoretical formulas [ 2, 3, 4,5,6] :
We consider a system of bearings supporting the rotor. By modeling the rotor-
bearing, after some mathematical considerations, we obtain the own pulsation w,,

..., the damping ratio of Lehr , the maximum amplitude of the movement X, the

X
maximum range of motion, the ratio Hfor different regimes, ... we give:
e

. — (1) - __r (3)
% m, +m, } |e| k
a X 1 (4)
4= (2) “ ()
2-:}k.im,_ +m, q et m,
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- When the rotational speed of the rotor is lower than the resonant frequency
of the support, then: the whole behaves as if the bearings were very rigid and we
obtained (3).

- When the rotational speed of the rotor is higher than the resonant frequency
of the support, the whole behaves as if the bearings were very flexible, the inertia
forces in the system are larger than the limited resilient forces exerted by the
suspension which may be neglected (4).

m,. : mass of the rotor, m, : parasite mass, k : rigidity of the support (N / m ),

a : damping of support (N/m.s), X : maximum amplitude of movement

( L), eccentricity

el , pulsation w.....

This shows that, if the vibration sensors measure the movement of the
bearings as representative of the eccentricity, the relationship between the
parasite and the mass of rotor mass is minimized to achieve greater sensitivity.
When the speed of the rotor coincides with the natural frequency of the support, the
elastic inertia forces are in opposite phases and the same amplitude. The amplitude
of the radial displacement is then related to the amortization period. If the damping
is small, the dynamic effect can produce significant radial displacements.

3. Historic[4]:

The shredder is a strategic machine in the production line of the factory.

Control by the technique of vibration analysis is started: January 10,
2010, following the onset of machine vibration. The interpretation of spectral
measurements on the machine revealed the presence of an imbalance in the rotor
bringing the shredder as indicated by the dominant amplitude component related
to the frequency of rotation - spectra taken on two levels No. 03 and 04 in both
horizontal and vertical radial directions (figures 3-1, 3-2, 3-3, 3-4), generating a
vibration level of 08.85 mm / s in the bearing 03 in the horizontal radial direction.
According to international standards VDI 2056 Alarming tried this. For this purpose,
it was monitored periodically by the method of vibration analysis during thirty days
(curves 3-5 tend to 3-10) to follow the evolution of the defect and the potential risks
caused it in the appearance of a possible failure: default bearing, bearing wear, ...,
which may eventually generated the unexpected shutdown of the production tool.

The machine has been programmed to stop more to balancing on the
rotor of the shredder after recording several imbalance (Table 3-1). The
most important was held November 5, 2011 and on July 29, 2012. We have
detected a global level respectively 44.01 mm / s and 48.18 mm / s on bearing
No. 04 in the vertical direction, according to the trend curve No. 3-10.
Also, the bearing problems have arisen repeatedly in the system. The ball bearings
have been changed as a result of default of imbalance or default of greasing ...
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Unlloea\:zlnce Unbalance Unlloea\:zlnce Unbalance
Date of level after Date of level after
. . before . . . before .
intervention . balancing | intervention . balancing
balancing (mm/s ) balancing (mm/s )
(mm/s) (mm/s)
May 23, 2011 29.44 06.13 March 10, 21.30 02.09
2012
November 5, 2011 43.80 04.52 July 31, 2012 25.20 02.39
November 27,2011 |  16.80 01.85 OCt2°0blezr Lol 3788 03.16

Tableau 3-1 Unbalance level before and after balancing.

Figure 3-1 : Spectrum of 10/01/2010 on the motor landing No. 03 in the
horizontal radial direction.
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Figure 3-2 ::

Spectrum of 10/01/2010 on the landing No. 03_in the vertical radial
direction.

Figure 3-3 Spectrum of 10/01/2010 on the landing No. 04 in the horizontal radial
direction.
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Figure 3-4 : Spectrum of 10/01/2010 on the landing No. 04.in the vertical radial
direction.
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Figure 3-6 Trend curve taken on the motor bearing in the vertical direction
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Figure 3-9 Trend curve taken on the bearing No. 04 in the horizontal direction.
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Figure 3-10 Trend curve taken on the bearing No. 03 in the vertical direction.

4- Diagnostic. [ 2, 3, 4,5,6, 7,8 ] Analysis results:

During periodic monitoring by vibration analysis, diagnosis reveals the presence
of a fault on the rotor unbalance bringing knives of shredder. Other anomalies may
occur: The bearing fault of both bearings No. 03 and 04, as well as the defect of
usury . We will consider these cases as follows:

4-1 Imbalance fault: The imbalance is a rotary centrifugal force which occurs
in the rotational frequency of the rotor (turbine), it causes vibrations in a radial
planes. If we consider the case where the imbalance is a scale (5 November 2011),
where the spectral interpretation of vibration measurements allows us to detect
the presence of an imbalance in the rotor shredder, generating a vibration level
of 3664 mm / s in the spectrum of Figure 4-1 taken from the bearing No. 03 in
the horizontal radial direction, and 43.80 mm / s on bearing No. 04 in the vertical
radial direction from the spectrum in Figure 4-4, as indicated by the amplitude of
dominant component related to the frequency of rotation of the rotor is 52 Hz for
this purpose, we recommend balancing the rotor, which is place in two (02) plans
to remove the couple unbalance for the large width that represents the rotor, as
we veered later in the correction part. Unfortunately, this machine several known
imbalance that led to the emergence of other mechanical defects, namely: failure
to wear or play on the bearing surface, bending the shaft carrying the shredder
misalignment between levels and a bearing fault in both bearings. In this case, we
will see some anomalies accompanying the default of imbalance.

4-2 Failure to wear: This fault has occurred on several occasions. On July 17,
2011, we have detected an impact on the shaft carrying the rotor shredder line
presented by a comb lines whose components are of order 2, 3, 4, ..., spaced apart
from the fundamental frequency of 52 Hz, as shown in all spectra programmed
to 500 Hz, taken on two bearings No. 03 and 04 in the vertical radial direction,
respectively shown in Figures 4-5 and 4-6. Therefore, measures have been taken to
stop the program and change the bearings of the installation.
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4-3 Bearing fault: The bearing fault is is clearly seen when taking measures
overall vibration level expressed in acceleration, reaching and sometimes exceeding
the danger threshold arriving until 20 g (g = 9.81 m/s2 ). This defect causes a shock
to the tree line with the shredder (case of 24 April 2012), where we comb lines
whose components are of order 2, 3, ...., spaced apart from the fundamental
frequency of 272 Hz of the spectrum taken on two bearings No. 03 & 04 in the
horizontal radial direction of a frequency band of 500 Hz (see Figure 4-7 and 4-8)
which is a bearing fault type - flaking roller elements . Both bearings were changed
just after our recommendations.
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Figure 4-1 Spectrum taken on: November 5, 2011 on the bearing No. 03 in the
horizontal radial direction.
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Figure 4-2 : Spectrum taken on November 5, 2011 bearing No. 03 in the vertical
radial.
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Figure 4-3 : Spectrum of 5 November 2011 on the bearing No. 04 in the horizontal
radial direction
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Figure 4-4: Spectrum: on November 5, 2011 bearing No. 04 in the vertical radial
direction.
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5. Correcting the imbalance

Will thus induce an unbalance in a radial plane on a vibration spectrum which
has a dominant frequency the amplitude of rotation of the rotor component.
Usually this feature is seen more clearly on a spectrum from a measurement taken
radially

Many defects are expressed by a prominent component of high amplitude
related to the frequency of rotation is phase analysis that distinguishes between
defects from a turning effort as the unbalance, and defects from a directional effort
(non-rotating) as induced by a belt too tense, bearing wear, a unclamping bearing
stress, eccentricity pulley, ........ etc.

Indeed, fortwopointslocatedatradialmeasures90°onthesamelevel,thephaseshift
betweenfrequencycomponentsequaltotherotationfrequency(ordercomponent1)is:
e close to 90 °, in the case of a fault associated with a rotary force as the unbalance.
* Close to 0 ° or 180 ° in the case of a fault related to a directional effort.

Also, we must distinguish between static and dynamic unbalance. In the case
of a static unbalance the two bearings supporting the rotor will experience, at
the same time, the centrifugal force due to the imbalance. It will have no phase
shift between the measurements taken at the same point on both levels. While
in the case of a dynamic imbalance, the two bearings supporting the rotor will
experience centrifugal forces (alternately). The phase (close to 180°) between
the measurements at the same point on two consecutive bearings and therefore
indicative of an dynamic imbalance. [2] The dynamic imbalance is still sanctioned
by a correction on two balancing planes : October 1, 2012, or measures vibration
levels and phases when balancing are shown in the two tables 5-1 and 5-2.

The balancing method is composed of several launched performed on two
bearings supporting the rotor. The pulley receiving side (No. 03) is the balancing
plane No. 01. The open side of the bearing (No. 04) is the balancing plane No. 02.
The first one launched is initiated to make the measurements of vibration level
with the phase without proof mass, said second is carried out with a test block
according to the calculated rotation speed of the rotor to be balanced, and its
radius of its weight, and launched last will be made with the mass and correction of
in the calculated position. Measurements are taken from the two above bearings
indicated in the same time.

Sometimes this mass (of correction) with its position does not give the value
of the desired level of vibration, so we will be forced to improve the correction
by a refining operation. The rotor consists of 16 part (phases or angles).
The procedure is summarized in the following two tables:
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launched Mass( gr) Horizontal measures
levels( mm/s ) Phase
N°01 - 26,812 07,760
N°02 80 gr 34,490 08,910
Position O
N°03 Correction : 04,741 06,415
155,45 gr
Position :
0,41
Refining 103,52 gr
Position :
01,15

Table 5-1 Measurements carried out on the bearing No. 03: October 1, 2012.

Launched Mass(gr ) Vertical measures

levels(mm/s) Phase
N°01 - 37,880 02,960
N°02 80 gr 16,549 04,352
Position O
N°04 Correction : 03,166
218,82 gr
Position :
12,35
Refining 70,426 gr
Position :
11,64
Table 5-2_ Measurements carried out on the bearing No. 04: October 1, 2012

6. Validation of Results for the Shredder
6.1 Measurements on the plan No. 01 on the bearing No. 03 (Table 1).
Measurements on the plan No. 02 on the bearing No. 04 (Table2).

According to the method of calculating the MOVILOG 02, the results are
measured in RMS.

vibratory displacement (m) | vibratory speed (mm/s)
Theoretical values 8.022 10° 26.20

Experimental values 7.819 10° 26.818
Table 1 Theoretical and Experimental values of shredder - bearing No. 03

vibratory displacement (m) vibratory speed (mm/s)
Theoretical values 1.1088 10* 36.20
Experimental values 1.1315 10* 37.880

Table 2 Theoretical and Experimental values of shredder - bearing No. 04
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Conclusion:

The shredder requires a vibration monitoring. This increases availability and

can plan interventions for possible repairs. In addition, vibration monitoring
can track the fault and arrange for supply of spare parts. Vibration analysis has
enabled us to diagnose mechanical failures and propose solutions to overcome
them. Note that our advice is not always followed, which can have catastrophic
consequences for the various machines and facilities, causing nuisance shutdowns
of manufacturing plants. The vibration analysis helps not only to accurately detect
these problems, but also to control the mounting during the installation of some
new machines. The vibration analysis, allowed us to balance the rotor shredder...

The results of the experiment (on the machine) have been checked and
compared with the results of the theory.
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Abstract.

In recent years, engineers have focused on vibration problems of industrial
machines and they studied the isolation or the reduction of the vibration. The
deterioration of these machines leads to their unavailability, resulting in a loss of
production, costs of major maintenance, noise and vibration. Therefore, it is more
important than necessary for their monitoring and diagnostics. Vibration analysis
of rotating machines can better perceive the dynamic phenomena. Vibration
measurements and analysis of the signal do not require stopping the machine.

A control of vibration analysis requires knowledge of measurement tools and
the ability to interpret the results of diagnosis. Vibration analysis can detect not
only the mechanical or electrical defects that may arise during operation of the
facility, but also the design flaws of these installations, particularly resonance
phenomena.

The aim of our work is to study the vibratory behavior of strategic equipment
in an industrial factory. Also, we modeled the actual equipment and replaced by
a theoretical mathematical model and numerical model for the determination of
the equations of motion of the system and solutions that will be confronted with
those of the practice like with the own pulsations of this system.

Introduction

Monitoring of rotating machines by vibration analysis was developed in the
1970s. The advent of electronic data collectors gave a boom not only to the periodic
monitoring of machines, but also to the early detection of mechanical or electrical
defects that may arise during operation. The development micro-computer has also
provided the maintenance investigative which was very considerable. During our
work, we propose to study the vibrational behavior of a fan sprayer Draw in ceramic
industry.

The vibration monitoring brings knowledge of the actual state of the machine
at any time early enough to prevent the occurrence of a fault and can track its
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evolution to manage maintenance. The role of vibration monitoring is not to limit
the damage but to estimate the running time allowed before any damage to provide
the necessary maintenance [1].

This work shows early fault detection by spectral interpretations provided by
a data collector and vibration analyzer that is associated with its software. The
spectral analysis of signals and the precise detection of the source of anomalies
which cause vibrations are studied. Proposals are suggested and appropriate
solutions are made.

Analysis and study: a practical case

We intend to present a case study lived in a ceramic industry: Fan atomizer (Fig.
1-1 and 1-2)

—Ii[l_ \

Motaur

HKinematic shematic and £
wibration measurement =
points Turbine

Figure 1-1 Figure 1-2
Fan atomizer -ceramic industry

1. Description of the machine:

The atomizer is a fan for extraction of the material constituting the ceramic slurry
in a spray chamber. It sucks the waste by evacuating as atomization gas through the
chimney outlet Positioned on a suction line producing the ceramics line (Fig. 1-1
and 1-2). The Machine Consists of an asynchronous electric motor at 1485 rev /
min, and 90 KW power. The movement is Transmitted by belts with two driving and
driven pulleys, to a piece Free-shaft supported by a roller bearing, and Supporting a
suction turbine with a diameter of 900 mm and width 290 mm, rotating at a speed
of 1767 t / min, consisting of a single row of 11 vanes .

2- Equation of vibration behavior of the system [2, 3].
A system of bearings supporting a rotor is considered. Modeling the rotor-

bearing as a system of one degree of freedom, the differential equation of motion
may be expressed as [2,3,4]:

(m,,+mp)0&a0ﬁ+kox:m0|r|oa)02 (1)
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m, : mass of rotor, m,: parasite mass:, @), : natural frequency of the rotor,
k : rigidity of the support (N/m ), @ : damping of support (N / m.s),
X :amplitude of the movemen (m, wm ) and e is the eccentricity.
The maximum amplitude of motion X (i), a solution of the differential

equation (1) is:

ol .
(m,_+mﬂ)0\/[l—[:jj } +4oD2.[w£J
o |k
b\l +m, 3)
a
A =
M e Jklm, +m,) @)

C :201/k.imr+mpi (5)

A represents the amortization of Lehr [ 4 ] .In practice, the value of A s small.

For example and in in the case of a spring steel A = 0.001, and a rubber spring
A = 0.05 [4].The phase shift ¢ is expressed by:

tan(g) = M(%j (6)
2t

The different regimes are [4,5]:

- When the rotational speed of the rotor is lower than the resonant frequency
of the support [6]: the assembly behaves as if the bearings were very rigid and the
above equation can be written:

2

A _mew 7)

bk

- When the rotational speed of the rotor is higher than the resonant frequency
of the support, then the whole behaves as if the bearings were very flexible, the
system of inertial forces are larger than the resilient forces exerted by limited the
suspension [6] which may be neglected, therefore :
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X 1

()

Equation ( (9), for @, << @ and after simplifications, takes the form:

X 1
H: (mr+mp) 9)
m

”

This shows that if the vibration sensors measure the movement X of the
bearings as representative of the eccentricity ||, then the relationship between
parasite mass and the mass of the rotor is minimized to obtain a higher sensitivity.

When the speed of the rotor coincides with the natural frequency (own) of the
support, and the spring forces of inertia are in opposite phases and have the same
amplitude. The amplitude of the radial displacement is then linked to the damping

term A .
If the damping is small, the dynamic effect can produce significant radial
displacements.

3- Historic[4 ]

The Atomizer is a strategic machine in the production line- start in June 2008.
The machine operated under normal conditions, without vibration, until our
intervention on: July 22, 2008, where we were informed by the maintenance team,
that it was a vibration problem resulted in this fan.

Our initial diagnosis revealed the presence of an imbalance of the turbine,
generating a vibration level of 15.04 mm / s on the shaft bearing on the turbine -side
turbine- (No. 04 from Figure No. 1-1), this level is considered Danger( international
standards VDI 2056).

We proceeded to balancing the turbine, correcting the imbalance, and to
decrease the vibrations caused by the latter up to 01.55 mm/s.

This fan has had several defects imbalance during operation, and every time we
intervened to solve this problem (see curves of trend N°3-1, 3-2, 3-3, 3-4, 3-5 et
3-6). After having eliminated the possibility of existence of other defects, we had to
repeatedly perform balancing operations are shown in Table 3-1.

To this end, just before the last balancing operation December 20, 2012, an
intervention to change both bearings shown above is achieved. Unfortunately, the
monobloc was not changed as we have recommended.
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Intervention

Unbalance

level before

equilibration
(mm/s)

Unbalance
level after
equilibration
(mm/s)

Intervention

Unbalance
level
before
balancing
(mm/s)

Unbalance
level after
balancing
(mm/s)

July 23,2008

15.04

01.55

October 14,
2010

08.59

01.02

March 24,
2009

09.28

01.18

October 26,
2011

10.36

01.95

July 18, 2009

07.95

01.03

17
September
2012

30.02

02.44

August 22,
2009

25.02

02.59

October 29,
2012

26.18

02.30

March 17,
2010

07.14

01.89

December
20, 2012
Change
bearings

18

01.94

August 8,
2010

09.09

02.21

Table 3-1 Intervention- Recommandation

We give only some curves trending obtained
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Figure 3-1 Trend curve taken on the motor bearing in the horizontal direction
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Figure 3-4 Trend curve taken on the bearing No0O3 in the vertical direction
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Figure 3-6 Trend curve taken on the bearing NoO4 in the vertical direction

4- Diagnostic. Analysis of results [3,4,7,8 ]

The imbalance is a rotary centrifugal force which occurs in the rotational
frequency of the rotor (turbine), it causes vibrations in a radial planes, which
propagates on the first steps of the machine (bearing No. 03 & 04), and obviously
the bearings. This imbalance, in a year, can cause other mechanical defects, failure
to wear or play on the bearing surface, bending the shaft carrying the turbine
misalignment between levels, and a default turnover in both levels. In our case,
this failure (unbalanced) resulted in the appearance of a shock to the transmission
line on the turbine started in November 7, 2009.

It was noted that all operations performed on the balancing of the turbine fan
were performed in the presence of game bearing fault caused by the imbalance
gradually evolving court time to deterioration of the bearings and their change:
December 20, 2012 (tab. 3-1).

Just before changing bearings on December 17, 2012, a vibratory diagnosis was
established on the fan. Taking measurements on two levels No. 03 & 04 shows the
presence of an imbalance in the rotor, which is clearly visible on all spectra taken
radially in both horizontal and vertical directions, as shown in Figures 4-5 to Figure
4-8, which have a preponderant component amplitude related to the frequency of
rotation of the rotor which is 30 Hz, such that the maximum level is 14.94 mm /s
stored on the bearing No. 04 in the vertical radial direction or in the same spectrum
we see the appearance of a comb spectral lines whose order 2 and 3 components,
as shown in Figure 4-4. They show low amplitude compared to the predominant
component related to the frequency of rotation of the rotor, this is due to the
presence of the above on both bearing seats game, which explains the difference
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in the level of vibrations caused by the imbalance when balancing (of 14.94 mm /
$11.04 mm /s).

To confirm the presence of the game, we conducted the analysis phase, making
two phase measurements on bearing No. 04 in the horizontal and vertical direction
(Table 4-1).

Position Phase Position Phase
Horizontal 05,782 Vertical 05,070
Table 4-1

The turbine consists of eleven (11) blades, so each blade is: 32.72 °. The phase
difference between the two phase measurements located at 90 °, horizontal and
vertical is: 05,782 — 05,070 = 0,712. This gives a phase difference of: 23,296°

For two points located at radial measures 90 ° on the same
level, the phase shift between frequency components equal to
the rotation frequency (of order 1 of the rotation component) is:
e close to 90 °, in the case of a fault associated with a rotary force as the unbalance.
e Close to 0 ° or 180 ° in the case of a fault related to a directional effort.

In our case, the phase shift is 23.296 °, which is not included in the above stated
terms. It allows us to confirm the detection of a default on the rotor unbalance on
the turbine connected to the rotary effort in the presence of default game detected
by the integral spectral analysis which is linked to the steering effort.

Nevertheless, the failure of the game on the bearing seat in the monobloc
persists, and appears as imbalance (unbalance).
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Figure 4-1: spectrum taken on the bearing No. 03 in the horizontal radial direction
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60



CONTECH13

B Spectre 1/49

B Fichier Affichage Cuiseurs Parameties Traitements

© g == &4 v [ttty X | LT[ Ey [0 iSO @@ BT & |12
Ch1 (28,37 Hz, 14.94 mmds)
ends H43-Palier 4 RV- 0:500 Hz mm/s 17/12/2012 11:53.55

d 20 Chi 1 11 12 1 14 15 1 17
15,0025 -| a
10.005 4
5.0075 o
[m}
R
&
oo

Figure 4-4: spectrum taken 17 12/2012 on the bearing No. 04 in the vertical radial

5- Correction of the imbalance

There is a residual imbalance normal or abnormal resulting in a vibrational
spectrum, (turbine pulley, cylinder, ...). By comparing the amplitude of the induced
vibration of the thresholds in standards or manufacturer specifications, we can
decide on the nature of the imbalance, and whether the need to balance or not.

In our case, the amplitude of vibration associated with the predominant
component is 14.94 mm / s (Danger, international standards VDI 2056), which
recommends the correction of unbalance on the rotor (balancing). The balancing
method is composed of several started, the first is to make the measurements of
vibration level with the phase without proof mass, the second mass is carried out
with a test speed calculated by the rotation of the rotor is balanced, its radius and
weight, and the last launched will be made with correction mass in the calculated
position. Sometimes this mass correction with its positioning does not give the value
of the desired level of vibration, so we will be forced to improve the correction by a
refining operation. The procedure is summarized in Table 03.

VERTICAL MEASUREMENT
LAUNCHED MASS ( gr)
LEVELS ( mm/s) PHASE
N°01 - 11.140 05,070
N°02 30gr Position: 0 21.129 04.279
o Correction : 20.297 gr

N°03 Position : 06.82 01.940 02.691

Raffinage 02.915 gr Position : 07.06 - -

Table 5-1 Vertical measurment
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The operation of the rotor balancing took place successfully, or the level of
vibrations caused by the imbalance to 01.940 mm / s, acceptable by international
standards VDI 2056.

These values were found from the analytical [2,3] expressions (theoretical).

6. Validation of the results of the atomiser
According to the method of calculating of MOVILOG 02, the results are measured
in RMS.

determined values vibratory displacement (m) | vibration velocity (mm/s)
theory 7.784 10° 14.39
experimentation 7.928 10° 14.94

Table 6.1 : Theoretical and experimental results

Conclusion

These types of machines studied require a systematic vibration control.
We should avoid their nuisance shutdowns and increase their availability. The
programming interventions to repair the appearance of dice defects may arise
during their operation.

Condition monitoring by vibration analysis, ensuring the availability of the
means of production and guarantees the company’s forecasts for a given program.
Today a good maintenance of rotating machinery has several advantages, from a
reduction of a cost of the product and a business success.
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Abstract:

Piezoelectric materials are subject to a great deal of research in recent years,
whether for mechanical purposes for their potential applications in the fields of
mechanical engineering, as a tool of control and regulation, the case of active
control and vibration analysis, or for technological purposes in electronics such as
crystal oscillators areas. They can also be used as actuators as well as vibration
sensors.

The application of the piezoelectric effect in the study of the behavior of
beams is the subject of our work. We propose to solve the equations of motion
obtained by a variational method, applying the NEWMARK approach and based
on a finite element discretization. A MATLAB code is developed to simulate and
compare the results of a system formed by a piezoelectric and an elastic beam.

Keywords: Piezoelectricity, piezoelectric beams, modal analysis, Variationnal
formulation, NEWMARK approach.

Introduction:

The advantage of the piezoelectric materials lies in their physical properties,
mainly their ability to generate controllable deformations by application of an
electric field and vice versa, converting a mechanical load (deformation) into an
electrical signal. This reciprocity of the piezoelectric phenomenon is what allows
their use as sensors or actuators.

Currently, the design and the control of piezoelectric structures is the subject
of many theses and research works, we mention:

Shen [1] proposed a finite element model based on the Timoshenko beam
theory, modeling the beam and the piezoelectric element separately by using
beam elements. Donthireddy Chandrashekhara and [2] develop a finite element
model for analysis and control of piezoelectric beams form with integrated
actuators stuck to the surface. Dettwiler and Al [3] conducted a finite element
analysis of multilayer piezoelectric structures comprising actuators and sensors.
Legrain and Petitjean [4] perform an experimental study on the behavior of
piezoelectric materials. Sun and Huang [5] presented an analytical model of
multilayer composite beams including piezoelectric sensors and actuators.
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Ishihara and N. Noda [6] studied a surface crack in a piezo-thermo-elastic body
due to thermal loading. Liang Wang, Rui-xiang Bai and Chen Haoran [7] studied
the static behavior of a crack situated at the interface between the piezoelectric
actuator and the elastic beam.

The aim of the present work is to develop a finite element model for the study
of piezoelectric actuator beams. This model is based on the first order Kirchoff’s
theory.

Mathematical formulation:

Piezoelectricity is an electromechanical interaction, as piezoelectric materials
are dielectrics which are deformed under the effect of an electric field and
polarized under the effect of deformation.

In our case, we consider a beam with length L, width b, thickness h, the
density p and right section S.

Using Kirchhoff's first order theory, the displacement field is given by:

U(x,y,zt) =u(xt) —z.0,(xt)
V(x,y,z,t) =0 (1)
W(x,y,zt) = w(x,t)

And the deformation field:

€ __ 0u ZBB

X7 ox ox (2)
€ _aw

xz_ax

With: u, vand w are the displacements in the X, Y and Z directions.
The constitutive equations of piezoelectricity, if we neglect the thermal effect
can be expressed in the following form:
6=Ce—¢E
(3)
D =ee+ €E
o, ¢, C,¢,D,FE, E are respectively the stress (6 x 1), the deformations (6 x 1),
the stiffness matrix(6 x 6), the piezoelectric constant matrix (3 x 6), the electric
displacement (3 x 1), the permittivity matrix (3 x 3) and the electric field (3 x 1).
By assuming that:
° The stresses: oy, oyz, oxz are negligible compared with ox.
° The upper surface of the beam is free to move in the Z direction, which
results in 0z=0.
° The electric fields E1 and E2 are negligible in front of E3.
Equations (3) become:

CHE ol - -3 e @
D, = &31&, + €33,

With :

= C€12€26—C16C22 €12C66—C16C26
Cll_C11+C16<7C oz ) Cuel—\(r —a
22C66—C%¢ 22C66—C2¢

2

~ c
Cs5 = Css _C%:i (5)
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~ C16€26—C12C66

€31 = €31 (1 T T e
26 22L66
2

=~ _ Ce6€31

€33 = €33 +

szcss—fge
The expression of the kinetic energy is:
1 ou 20\ 2 w2
Ec—apf[(a—za) + +(E)]d” (6)
The potential energy is given by:

E J,(oe — ED) d2 (7)

-1
P2
Ep = %fg(zllsxsx + CosExy6xy — —€318E; —831Ez6, — —&3E;E7).d2  (8)
The vector of external forces:

Wexe = IA(sz +6,m, + +o. D). dA (9)

Where D is the load applied on the surface, p, is a distributed load and m,, is a
pair of linear intensity.

Finite element formulation:

For our study, the interpolation functions are chosen as follows:

x]

3 2 3 2 2

x X x x X x x
Ny=1-%, N,=25 -3 4aN; -5 -Z4x, N,=ZN;=35-2% Ne =5 -Z%
1 L.’ 2 Lg Lg 3 L,% Lo ’ 4 Lo 5 Lg Lg; 6 ’

X
12’

2 2 2
Nazsi—g—4i+1, N9:76%+6i, N10:3§—§—2—

6
Le

2
N,=6%5—
7 LS

L, : elementary length.

These functions form the interpolation matrix N such that: N =
N 0 0O N 0 0
0 N N, 0 N, N,
0N, NN 0 N, N,
[

ﬁ] is the interpolation matrix for the electric field.

1
u
So: {9} =Nq, and ® = NgP,
w
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(o

i

w,
Where: q, ! u. ¢ and @, are respectively the nodal displacements and the nodal

j
o |
thJ
electric potential.

By replacing the displacements by their expressions we obtain:

E. =2q5[M.]q. (10)
With :

=p [L(ANJITIN+  +2%[Ng]"[Ngl+ [N,]T[NW] = —22[N,,]"[Np]) d2
Ep élastic = %qu[Kuu]eqe (11)
With :

11

[ (T e+ 15 | ])

|
dn
|

Ko = J, ~2z [ [ 4]

e (- ) d”"”] w))
E,,,,iez,,=§q£[Ku¢]<1>+ +2 @ [Koulql (12)
With: [Kue] = — [, e31<[ ] [No] + [‘“’9] [Nq,])

L O N (2 FA R )
Ep dietect = 5 L [KooloPe (13)

With : [Keale = — [, €1 ([No]" [No]) d2
{F}e = [,(INy]"P, + [Ng]"m,)dA (14)
{Q}e = [, @I ([Ny]"D)dA (15)

Where:  {f}, = {égi} (16)

Once the elementary vectors and matrices are defined, we proceed to the
assembly step, to express them in global coordinates, to form the global matrices
and global vectors representing the entire structure.
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A - @

To solve these equations, we opt for the Newmark approach, given its simplicity,
accuracy and stability. Approximations for the Newmark method are provided by:
Uy =u, + (1 —yp)Ati, + +y Atit, 4 (18)

1
Uy = U, + AL, +  + (f - ﬁ) Atit, + +BAtRiL,

Introducing the numerical scheme (18) in the equations of motion (17) we obtain:
ity g = Foiq — C(ity + +(1 = ¥). Atity) — K (, + +At.n, + (5 — B) A it ) (19)

With :

M =M +7y.At.C + BAL?K ;
1 1

]/=E et B=g

Results :

For the validation of our model

for the study of beams, a MATLAB code is developed. This code takes into
account both elastic and piezoelectric case. In order to

perform numerical simulations of an elastic beam bending, we consider a
console beam-ie clamped-free with a length L = 0.5m, width b= 0.03m and
thickness h = 0.01m. This beam is subjected to the action of a uniformly
distributed load over its entire length. The selected material (mild steel) has the
following mechanical properties:

Young's modulus: E = 2.10" N/m?, Poisson coefficient: v = 0.3 and density : p
= 8000 Kg/m®.

03 04 045 05

025
x(m]

Figure 1: The deflection of the elastic beam
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Figure 2: Rotation of the elastic beam.
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Figure 3: The axial displacement of the elastic beam.

To validate the finite element
model, we proceed to a comparison between analytical eigenvalues and those
obtained by finite elements for the first 20 modes.
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Modes Frequencies (exact) Frequencies (FE) Relative error(%)
1 202.974704 202.979418 0.002322
2 1272.112568 1271.384009 0.057272
3 3562.310339 3556.908165 0.151648
4 6980.317978 6961.565494 0.268648
5 11538.892984 11489.741877 0.425960
6 17237.111742 17130.495851 0.618525
7 24074.974252 23871.677245 0.844433
8 32052.480512 31699.167162 1.102296
9 41169.630525 40597.153041 1.390533
10 51426.424289 50548.361883 1.707415
11 62822.861804 61534.309574 2.051088
12 75358.943071 73535.556627 2.419602
13 89034.668090 86531.964641 2.810931
14 103850.036860 100502.948007 3.223002
15 119805.049382 115427.715894 3.653714
16 136899.705655 131285.500183 4.100962
17 155134.005680 148055.765653 4.562662
18 174507.949457 165718.399369 5.036762
19 195021.536984 184253.876833 5.521267
20 216674.768264 203643.403014 6.014251

Table 1: Comparison between the analytical and numerical eigenvalues.

This comparison shows that the finite element model is well-chosen as the
relative error does not exceed 6% for the 20th mode, and the results are almost
identical.

) 0.05 01 0.15 02 025 03 035 04 045 05
x

—— model mode2 —&— mode3 —*— moded

mode5 —A— mode —A— mode? —+— mode8

Figure 4: Overlapping 8 eigenmodes of vibration of the elastic beam.

To talk over the dynamic problem, we consider the same beam (forced
undamped vibration mode) subjected to the action of a harmonic force F = F.cos

(100.t).
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The resolution of this problem by the Newmark approach gives the graph
(Figure 5), which represents the vertical vibrations of the beam.
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Figures 5 and 6: The vertical and axial vibration and of the elastic beam.

To investigate the piezoelectric case, we consider a beam having the same
dimensions as those of the elastic case. This beam is subjected this time to the
action of a mechanical load uniformly distributed over the entire length and a
difference in electric potential V in the thickness direction. The material of the
beam is piezoelectric, it is a piezoelectric ceramic, PZT-4, which has the following
mechanical and electrical properties:

Density p=7500 Kg/m®

The stiffness matrix is:
1390 7.78 743 0

0 0 5
778 1390 743 0 0 0 [N/m7]
743 743 115 0 0 0 o
= 10
0 0 0 25 0 0
0 0 0 0 25 0
0 0 0 0 0 307
The matrix of piezoelectric constants is:
0 0 0 0 127 0 [C/mz]

e=| 0 0 0 127 0 0
-52 =52 151 0 0 0
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The matrix of dielectric constants is:
13.06 0 0 .
<l o 1306 o |MF/m

0 0 11.51
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Figure 7: The deflection w of the console beam in actuator mode.
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Figure 8: The rotation 0 of a console beam in actuator mode.
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Figure 9: The axial displacement u of a console beam in actuator mode.

I



CONTECH13

The first important finding, we can notice by comparing the results of the
elastic and piezoelectric case is that in the later case, the axial displacement u is
non-zero, but in linear variation, which results of the application of an electric
potential difference between the upper and lower surfaces of the beam.

Turning now to the results of the dynamic problem (ie the forced vibration)
without taking into account the structural damping of the beam. The external
excitation is harmonic F = F.cos (100.t).

The graph (Figure 10) and (Figure 11) give the vertical and the axial vibrations
of the piezoelectric beam.
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Figure 10.11: The vertical w and the axial u vibrations of the piezoelectric beam.
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In order to show the importance of choosing the piezoelectric material on the
behavior of the beam, we propose to study the same beam considered in
actuator mode, but for different materials: PZT2, PZT-4, PZT-5A, PZT-5H, PZT-7A,
PZT8, ZnO and ZnS.
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Figure 12: Comparison of the beam deflection in actuator mode for different
materials.
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Figure 13: Comparison of the axial displacements of the beam in actuator for
different materials.

The graphs (12) and (13) show that the shape of the deflection w and the

slope of the axial displacements u differ from piezoelectric material to another,
mainly because the mechanical and electrical characteristics are different. Hence
we can conclude that each piezoelectric material is intended for a certain class of
applications. For example, if the application requires a large deflection and axial
movement

PZT-5A and PZT-5H are used instead of using a PZT-2, and so on...
In this section we try to see the influence of the beam’s thickness on the static

and dynamic behavior of the piezoelectric beam, that’s why we consider the
same beam, but for different thicknesses.
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Figure 14: Influence of the thickness on the deflection of the piezoelectric beam.
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Figure 15: Influence of the thickness on the vertical vibrations of the beam.

It is clear that the choice of the dimensions of the beam is also important
because of their impact on the static and dynamic behavior of the beam. For
example, if we consider the influence of the thickness, we can simply find that
increasing the thickness leads to reduce the deflection in the static case and to
reduce the amplitude of the vertical vibrations of the beam in the dynamic case.

Conclusion:

Throughout this work, we study the impact of the application of piezoelectric
effect on the behavior of beams and modeling of these beams on the one hand.
And on the other hand, we have numerically simulated the behavior of these
beams in both elastic and piezoelectric case. A finite element formulation is
presented for piezoelectric beams in actuator mode.
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INDUCTION MACHINE MODELING USING

S
ol Mt Paestas

FINITEELEMENT METHOD UNDER STATOR
SHORT-CIRCUIT FAULT

{ A. BOUZIDA, O. TOUHAMI AND R.ABDELLI }

INTRODUCTION

The electrical induction motors are used
in 90 % more of the industry applications,
and is vital to guarantee their correct func-
tioning. So, it is necessary to have a tool
that allows knowing the motor’s condition
without intervening in the equipment’s op-
eration. The stator fails form the 37 % of
the electrical motor failures, being the inter-
turns short circuit the most common, which
reduces the ability of produce a balanced
electrical field, causing vibration increase

on the machine, and consequently, isolation
\degradatim\ and motor bearings failure.

MODELLING WI FEM

To make the study, the software FLUX2D
was used; it has a magnetic transitory formu-
lation included, which solves the problem in
discrete time points. Various types of prob-
lems can beings solved with this software.
The study into magneto-transient is appro-
priate particularly well for our need. The
coupling of our magnetic diagram to an elec-
trical circuit and the presence of a tread in
the air-gap make it possible to follow the dy-
namic behaviour of the machine. The soft-
ware solves the following equation:

dgﬂ +rot % = J +rof(H)
dt urot(A)

o A: Magnetic potential (Weber/m)

¢ ] : Density of current (A/m)

o ji: Magnetic permeability (H/m)
o H: Magnetic field (A /m)

« o Electric conductivity (1/Q.m)

L ot Time(s)

GEOME AND MESH

The numerical simulations in this paper
refer to a 2-pole induction motor, 3-phase
star connected, Pn =7.5 kW, Unf = 380 V, fre-
quency, fln =50 Hz.

The machine was simulated for 5 cases:
Healthy Machine and machines with inter-
turn faults (5 turns, 10 turns, 25 turns and 50
turns are shorted)

BOUZIDA.UMBB@GMAIL.COM

By calculating the electromagnetic field
with FEM analysis, the machine inductances
and back EMFs can be obtained. The param-
eters obtained from the FEM analysis con-

Healthy 5 Spires

10 Spires
The numerical results corresponding to a magnetic flux analysis of the 2D electromagnetic
field-circuit problem associated to the induction motor, figures, number of short-circuited turn
determines a decrease of the distribution of the field density. Another effect of this type of
kfaull, consists in an important increase with the number turns short-circuited.

RESULTS OF SIMULATION

tain the information of the fault location and
severity. The different simulation cases are
shown.

25 Spires 50 Spires

FLUX ANA IS

The gap flows are represented in the fol-
lowing figures, the flux density is depends
on the degree of fault. The flux density
clearly shows the effect of the defects,

Figure 1: Air-gap Mag-Flux and rormal-Flux
distribution

FLUXTesta)

)

w0 50 200 250 %0 0 400

RGP
Figure 2: Air-gap tang-Flux distribution

.

FORCES,

The figures shows the force, torque and
the FFT the force in the air-gap for the 5

cases.

2Ly

R

AR ARRE]

Figure 3“?‘Air-gap X Force and %rque

e

Frequency (H2)

Figure 4: FFT of the Air-gap force

.

CONCLUSION

FE analysis is used for describe the In-
duction Machine with turn fault. The differ-
ent performances can be determined when
the simulation is done. The proposed model
is used for studying the machine behaviour
under fault condition. The FEM model of
the Induction machine has enables to calcu-
late several parameters, the comparison be-
tween the various parameters obtained in
the case healthy and defective, we note that
this method of analysis clearly shows the ef-
fect of the defect on the behavior of the ma-
chine and one can see the difference in the
various signatures like flow, the couple and
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ROTOR FLUX ESTIMATION BASED ON ACCURATE
ADAPTIVE ALGORITHM FOR FIELD ORIENTED CONTROL
INDUCTION MACHINE DRIVES

A. Aibeche, M. Kidouche, H. Akroum and S. Grouni

Laboratory of Applied Automation (LAA), FHC

Faculty of Hydrocarhons and Chemistry

University of M’Hamed Bougara of Boumerdes (UMBB), Boumerdes, Algeria
nahabde2001@yahoo.fr, m_kidouche@hotmail.com,

akroum@yahoo.fr, sgrouni@yahoo.fr

Abstract- This paper proposes new architectures for designing accurate adaptive
algorithm (AAA) and robust control for quasi exact flux position and magnitude
estimation of induction machines over a large speed rang application in direct
field oriented control (DFOC). Model of induction machine presents the basic idea
based on observer structure, which is composed of voltage model (VM) and current
model (CM). But these methods are effects in low speed range and sensitive’s of
machine parameters. Both observer structures are dominated by a current model
at low speeds, and a voltage model at high speeds.

In this paper generalized analysis method based in accurate adaptive algorithm
(AAA) is proposed to eliminated and analyze the kinds of the linear flux observers in
unified form. The principal objective of this method is to eliminate and reduce the
disadvantages of these estimators. The accurate adaptive algorithm (AAA) method
is based on the exploitation and the combination between the two preceding
models ones while being based on measurements of stator voltages and currents
and on the estimate of rotor speed. The performance of the solution proposed has
been tested by simulation and by experiments.

Keywords- Induction machine drives, Field oriented control, Stator and rotor
flux control.
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Abstract.

Recently, many researches are devoted to using piezoelectric materials to
eliminate the vibrations and also to correct the deformations in the structures.
Essentially, these structures are made of beams and plates (intelligent structures or
smart structures). They are also used in the actuation field (piezoelectric bimorph
actuators). In this paper, we study and analyze the dynamic behavior of bimorph
beams by taking into account the effects of structural damping, shear deformation
and piezoelectricity. We establish a numerical model in direct relationship with the
studied cases. The present results are confronted with those of the literature.

Introduction

The use of so-called piezoelectric materials contributed positively in the
improvement of active vibration control and in the design of new actuators. J.
H. Yim and S. Y. Cho[1] presented a study on the damping behavior of a laminate
composed of two piezoelectric layers and a core of viscoelastic material. They
investigate the influence of the thickness and the length of the core of viscoelastic
on the structural damping coefficient. J. Cheng, et all [2] used a higher order theory
shear deformations to model and analyze a laminate composed of a superposed of
piezoelectric layers with random polarization, based on the principle of Hamilton
generalized they deduced the fundamental equations of piezoelectric composites.
J. M. Simdes Moita, et all [3] have addressed the problems of forced vibrations
and resonances in structures (beams and plates) composed of piezoelectric layers
serving as the piezoelectric actuators and sensors, based on a theory of a higher
order deformation. A finite element models are proposed for the calculation of
displacements. A. Mukherjee and A. Saha Chaudhuri [4] demonstrated the effect
of large deformations on the piezoelectric materials and structures subjected to
loads varying in time. The equation of Von Karman and Tiersten law is adopted in
the analysis of deformations of beams, and finite element modeling based on the
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theory of first-order of shear deformation is used.
In the present work, we study the dynamic behavior of bimorph beam subjected
to a sinusoidal electric field to produce a specific actuation.

Theoretical study
The piezoelectric equations are:

o = . .—e FE,
{ p qu Pk PRk (1)

_ D = €,E,+ gL,

0,0,e,E,D,& Respectively are the stress, elastic coefficient, electric field,

electric displacement coefficient and permittivity. The relations between the

displacements and deformations in case of beams are: [1, 5, 6]

{E.r = U,x— Zwm 2)
Yz = Wi — tfb

Where are deformations and w axial, rotation and vertical displacement of
the medium fibre. Taking into account the relationship between the matrix of the
piezoelectric coefficients [e] and dielectric coefficients [d] and by replacing (Eql) in
this latest we obtain:

lo}=[olie}-e]iED 3)

o, 0 0 [[e d
7/z 0 QS 7}’ 0
The expressions of the kinetic energies and deformations in this case are
respectively denoted by Tand U [5,7,10,11].

T=%pj{1& e &[T]Jf b, dx

I_

1
U= EIV(EG - DE)dV = UEIas + UPa'ezo + UD[’éEec

We consider a bimorph in antiparallel configuration [5, 11]. This means that the
electric field applied on both layers have the same direction, and the poling of the
top layer have the same orientation with the electric field. The poling of the bottom
layer is in the opposite orientation of the electric field. We consider the following
scheme (Fig 1 [5])
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Q z Z:

| Figurel tantiparallel configuration |

Finite element formulation:
We define interpolation functions as continuous functions with polynomial type
like:

4w = [Ng}; (W WY = [N g (¥ ¥) = [Ny J{a
¢° = [Ng]{¢1 P2 P} 97 = [N;]{¢1 b, ¢}t
Where, the exponent t denotes the transpose T,B denotes the top and bottom layer,
and N; the shape functions. Finally, we have these matrices:

T = {4} M. )(@) (5)
Uptas = >} (K )} (6)
Usiezo = » (0¥ [Kug [ {8} + - (0¥ [Kyu [{a} (7)
Upiate = {9} [Kpo {3 (8)

Equation of motion:
By using the Lagrange formalism we obtain the equations of motion which can
be written in matrix form:

2] e+ [CHB+ [K] g} = {F} ©
[M], [K], [C]and {F}
and respectively are inertia, rigidity, dissipation matrices and force vector.

[0]] (k7 — [ [Km]]

_ [Muu]
0= ol B[] e

Results

We use MATLAB software for our various calculations. NEWMARK method is
used for solving the system of equations of motion, the results are obtained and
compared to those of G. Smits [11] for the analytic solution and M. Ouali, A.
Zemirline [5]for the numeric solution. By comparing the results it is assumed that
the program developed is exploitable.
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Figure 2 b: comparison of results for rotation
We consider a cantilever bimorph composed with two layers made of a PVDF
see Figure 3 and table 1 for physical properties and geometric configuration, . To
study the actuation of the bimorph we apply a sinusoidal electric field on the top
and bottom electrodes like:) and) where is the signal dephasing:

PVDF properties

p 1800 [Kg/m?]
E, E, 2 = 10°[N/m2]
G 7.75 + 108[N /m?]
v 0.29
ds, 2.2 = 10~ [C/N]

I 1.62 + 10~**[F/m]
Z, 1.62 + 10~ 1*[F/m]
£ 1.62 + 10~**[F/m]

Table.1 PVDF properties
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Figure.4 a : effect of dephasing between upper and lower applied voltage on the
trajectory of the tip bimorph in case of 0.08 structural damping coefficient
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The effect of the dephasing between the voltage applied to the upper layer and the lower layer
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Figure.4 b: effect of dephasing between upper and lower applied voltage on the
trajectory of the tip bimorph without structural damping coefficient.

The effect of dephasing of the potential on the path of the tip of the bimorph
with 0.04 damping by considering three thickness values 0.001,0.002 and 0.003 (m)

—— b2 & h=0 003
: 5 ——— pii4 & h=0,008
P e ;s : pi/2 & h=0 002
L. J : ——— pi/4 & h=0 002
1.5 ’ £ ———piz & h=0.001
| & | ——— pi/d & h=0.001
E ]
=
2
5
£
£ 05
e
s
= 0
&
£
&
205
£
g
2
R
2
5
=3
5.
3
25 1
x 107 2
0 L]
%10
18 i
Thikness of birorph (my 1 4

Axial displacerment of tip bimarph (m)

Figure.5 effect the thickness of the beam with the consideration of 2 values of
dephasing on the trajectory of the tip bimorph.
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The structurs| damping effect on the frajectory of the free end of the bimarph
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Figure 6, the trajectory of tip beam with structural damping coefficient.

Conclusion

We present in this paper the dynamic behaviour of the bimorph beams with
the effects of: structural damping, shear deformation and piezoelectricity. A finite
element model has been developed for a beam composed by tow piezoelectric
layers subjected to a sinusoidal electric field. The results obtained are confronted
with those of the literature.

It seen clearly the effect of the signal dephasing on the trajectory of the tip
beam with and without structural damping (Fig 4 a/b), we can make several form
of trajectory by changing dephasing value. We can obtain better actuation since
the thickness of beam is as well as smaller; this can feel in the Fig 5. In Fig 6, the
trajectory of tip beam decreases when the structural damping increase which
induce an actuation lost.
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Abstract

The kinetics of transformation (precipitation and dissolution of the precipitates)
is always allied to the concepts of energies activation and about the order of
reaction,; The interest of this study is justified by the existence of a significant
number of methods of isoconversionnelle analysis, more or less sophisticated like
that of Kissinger-Akahira-Sunose (KAS) [1-2], Ozawa-Flyn-Wall (OFW) [3-4] and that
of Boswell [5], which makes difficult the choice of a method particular. The goal of
the use of these models of analysis would be to find a description proportioned of
the development of the reaction according to time and temperature. In this work
we have interested by the influence of the heating rates on the non isothermal
transformations in Al- 4,5 % Cu. For this the samples of this alloys have heated
with different rates (V=0.5, 1, 2, 3, 4, 5, 6, 7 °C/ min) from room temperature until
520°C using the differential scanning calorimetry (DSC) and we will calculate the
energy activation of the precipitated phases b and b’ by various isoconversionelles
methods.

Keywords: Precipitation Innovation, calorimetry, energy activation, order of
reaction n, isoconversionelles methods.

1. Introduction

Differential scanning calorimetry (DSC) have been applied extensively to the
analysis of light metals, especially Al based alloys. Differential scanning calorimetry
is used for analysis of solid state reactions, such as precipitation, homogenisation,
devitrivication and recrystallisation; and solid—liquid reactions, such as incipient
melting and solidification, are studied by differential scanning calorimetry.
In producing repeatable calorimetry data on Al alloys, sample preparation,
reproducibility and baseline drift need to be considered in detail. Calorimetry
can be used effectively to study the different solid state reactions and solid—
liquid reactions that occur during the main processing steps of Al based alloys
solidification, homogenisation, precipitation). Quantitative analysis of the kinetics
of reactions is assessed through reviewing the interrelation between activation
energy analysis methods, equivalent time approaches, impingement parameter
approaches, mean field models for precipitation, the Johnson—Mehl-Avrami-
Kolmogorov model, as well as novel models which have not yet found application
in calorimetry. Differential scanning calorimetry (DSC) represents a rapid qualitative
and quantitative means for precipitate characterization in aluminium alloys, this
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technique can improve understanding of the thermodynamics and kinetics of the
precipitation processes. In the present work a qualitative as well as quantitative
interpretation has been obtained of the precipitates developed in supersaturated
Al-Cu solid solutions. In this work we were interested to study the kinetics of
anisothermal precipitation of the phase’s b and b’ in alloy Al-4,5 % weight. Cu
where each one of these phases can be detected according to the heat treatment
applied and selected measurement technique.

2. Materials and experimental methods:

In this work we used the analysis calorimetric differential (DSC) (apparatus
SETARAM 131) which makes it possible to measure the releases and absorptions of
flow of energy of a material during a thermal cycle which consists a heating from
20°C at 520°C with various rates (V=0.5, 1, 2, 3, 4, 5, 6, 7 °C/min) followed by a
holding of 5-10 min at this temperature and a cooling until room temperature, with
the same rates .

The sequence of precipitation in alloys of the system Al-Cu is [ 1-2 ]:

Supersaturated solid solution (S.S.S) — Zones G.P. — Phase 6" — Phase®’ —
the equilibrium cycle 0 (Al,Cu)
Where q" and g” is the metastable phases of transition

2.1. Kinetic theory:
The theory of this work is based on the equation of kinetics:

92 _ (a)* (1) - (1) ke =k, exp[— ﬁ;) -

dt

Where: E_ is the energy activation of the reaction, k; the exponential pre factor
and R the gases constant.

To calculate E_, we will use the following isoconversionnelle method:

2.1.1. Method of Kissinger-Akahira-Sunose (KAS) :

This method rests on the assumption according to which, during the rise in
temperature, the reaction passes by a maximum before decreasing [1, 2], it based
to the following relation:

T?
In| = [= L. +c B3
V RT,
Where c=In £, )
Rk,

2.2. Determination of the order of reaction (n) by the Matusita Method’s:
Starting from the traditional equation of Johnson-Mell-Avrami-Kolmogorov
(JMAK) Matusita and Sakka [6] found that the equation of kinetics becomes then:
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]n[ln(l — a’)_l ]: —n.InV + Const (7)

Where the transformed fraction a is given by the relation:
o = S%
S (8)

Where: S is the total surface of the peaks and S_is the surface partial of the
peaks.

3. Results and discussion:

The DSC Curves obtained during the heating with various rates of the
homogenized and quenched samples (fig.1) show two endothermic peaks and an
exothermic peak which present three effects respectively related on dissolution
of zones G.P, the formation and dissolution of the phases q" and g result already
observed by other authors [7,8]. Because we now during the formation of a
phase, the variation of the flux are exothermic, during dissolution the variation isp
endothermic and the surface of the peak represents an enthalpy of formation (or
of dissolution). Each phase has an enthalpy and a temperature of formation which
depends on the scanning rate.

The first endothermic peak appears in the interval [ 93-241°C] a peak exothermic
split appears in the interval [241-378 ° C] with a maximum located around 349 ° C,
which is due to the precipitation of two phases (q ‘and q) this peak followed directly
from a peak endothermic split in the interval of temperature [378-514 ° C] with two
minimum located around 405 ° C and 483 ° C, represents the dissolution of these
two phases q ‘and qg. the increase of the heating rate leads to the increase in the
amplitude of the various peaks, with a shift of the thermo-grams towards the high
temperatures.

The curves of DSC obtained for the various heating rates present three effects
related to dissolution of zones G.P., the formation and the dissolution of the phases
g’ and q.

104 % (v=0.5°C/min) T
% (v=2°C/min) |l

1 % (v=3°C/min) “ ‘
5 % (v=4°C/min) I]

% (v=6°C/min)
% (v=7°C/min)

104

-15

T T
0 100 200 300 400 500
T(°C)

Fig.1. Curves DSC of alloy Al- 4,5% Cu homogenized, quenched and heated with
various rates
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4. Conclusion:
The study of the kinetics of precipitation made it possible to illustrate the
following conclusions:

Peaks of precipitation and dissolution of the phases (g’ and q) are shifted
towards the high temperatures with an increase in their amplitude;

The increase in the width of the peaks with the increase of the heating rate
testifies to the increase of the quantity of precipitates formed during the
anisotherme annealing;

The shift of the peaks is due to the fact that precipitation takes seat with
difficulty and this shift can be explained by delays of the formation and
dissolution of the phases;

For the formation of the phases g and q we have found that the E__
obtained is of (101,51 * 3,08) Kj/mole and for the order n=1,44 ; this value
close to 1,5 indicates that the mechanism of precipitation occurs everywhere
through alloy, and that the precipitates grow in all the directions, in more this
value of n suggests that this type of precipitation believes on the existing
pre germ;

For the dissolution of the phases g’ and q it was found that the E_obtained
for this process is of (78,89 + 1,27) Kj/mol for g’ and (142,77 + 3,11) Kj/mol
for q ; this energy is consumed for the dissociation of the large precipitates
and the migration of the atoms of aqueous solution in the matrix; and for
the order n of reaction is equal to 1,73 for g and 0,43 for g; this values
suggests that the speed of dissociation is constant and also affirm that
copper diffuses and dissolves through all the matrix .

In parallel, it seems that the use of the energy activation connects for the
estimate of the parameters is indeed very interesting.
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Abstract: A 6-DOF Stewart platform is designed and constructed as a parallel
mechanism that consists of a rigid body moving plate, connected to a fixed base
plate through six independent kinematics legs. The mechanism is implemented
to achieve high precision tracking performance for an external control command
using an accurate orientation sensor. A Reference trajectory is generated based on
the feedback sensing elements of each actuator based on inverse kinematic and
inverse dynamic models, several control schemes are implemented to achieve
highest performance of the controller and the system. To ensure the reliability of
the control model a virtual environment of the system has been built to verify the
physical limits of the body motion. The hardware structure is tested and showed
high performance and accuracy.
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model; Modeling and simulation.
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I. Introduction

A parallel robot is a closed kinematics chain where all legs are connected by
a parallel connection. Parallel kinematic manipulators have better performance
compared to serial robots that consist of a number of serial rigid links. The serial
structure suffers from several disadvantages such as low precision and low power-
to-weight-ratio. The parallel robot architecture eliminates these disadvantages by
giving a high degree of accuracy, high operation speeds or accelerations, high load
capacity, high rigidity, and high stiffness [1, 2].

A well-known parallel robot is Stewart platform. The Stewart platform is basically
a 6-Degree of freedom mechanism as shown in figure 1. It is a parallel mechanism
that consists of a rigid body moving plate, connected to a fixed base plate through
six independent kinematics legs. These legs are identical kinematics chains, couple
the moveable upper and the fixed lower platform by universal or spherical joints
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for the upper. Each leg contains a precision ball-screw assembly and a DC-motor.
Thus, length of the legs is variable and they can be controlled separately to perform
the motion of the moving platform [3]. This work aims to design, develop and
control a Stewart platform through the study the Stewart platform mechanics and
kinematics. The entire platform model will be simulated in MATLAB.

%
%

Figure 1. Stewart platform Mechanism, lateral and vertical views.

Il. Structure Description

A Stewart platform consists of an upper and lower plates, the lower plate is
usually bigger than the upper one, six legs connected between them. The leg
subsystem has an upper and lower parts connected by a prismatic joint. The
prismatic joint is actuated by the given force from the controller. Moreover, in
order to observe the errors, a joint sensor is attached to the joint. There are also 6
spherical joints which connect the leg to the base and top plates. Also, 6 prismatic
joints connect the upper to the lower legs.

The linear actuators have an internal mechanism that allows changing the
length of each individual leg. The desired position and orientation of the mobile
platform is achieved by combining the lengths of the six legs, transforming the six
transitional DOF into three displacement vector and three orientation angles [4].

11l. Kinematics Analysis

The motion analysis of the Stewart platformis achieved by using inverse kinematic
analysis to move it to a desired position and direction. To move top platform from
one position to another, to reach the desired position and orientation, the control
algorithm will give the orders to generate the required motion for each leg actuator.

As shown in figure (2), positions of the base and the platform are uniquely
defined by the coordinates of the six joints that connect them with links. The six
points are usually chosen to form an irregular hexagon in one plane, figure (3). [5]

Figure 2. Stewart platform inverse kinematics analysis.
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Figure 3. The base and the platform as hexagon-shaped structure.[6]

In figure (3), we define the platform coordinate system (P) and base coordinate
system (B). The p, vector represents the position of joint connecting the top platform
to the i-th link, with respect to P. (b) Vector describes the joint position of the i-th
actuator connected to the base. All links are between upper platform and base have
length L. [6]

The transformation vector between the stationary base and the platform is:

q=Hp, (1)

where: H is the transformation matrix:

H = R3x3 T3xl (2)

01x3 1

where R denotes a rotation matrix and T a translation vector. Three angular
displacements define the orientation of the platform with respect to the Base and
thus R: rotate an angle § (yaw) around the z-axis, rotate an angle 8 (pitch) around
the y-axis, rotate an angle ¢ (roll) around the x-axis. The rotation matrix of the
platform relative to the base is: [7]

PR =R,(¥).R,(6).R.(¢)
cospcosd —sinpcose + cosysinfsing  sinwsing + cosysinbcose
= (Simpcosﬂ cosycos + simpsindsing  —cosycosg + sing{)sinﬂcosg@)
—siné cosfsing cosBcosg (3)

Consider the radius of the platform r_, and the angle between the first two joints
is @p. In the same way, r, is the radius of the base, and Og the angle between the
first two joints in the base. As in figure (3), finding A, and A, fori=1,2,...,6 , we obtain:
(8]

Ai:60”-i—0—3; ﬂ,:60°-1'—& fori=1,3,5 (4)
2 2
o 9.3 o gp :
A, =60 -1+7; A =60°i + 5 fori=2.4,6 (5)
Therefore:
p;=[rpcos 4, rsind, 0 1 (6)
b, = [rE cosA, rngsinA, 0O l]T 7
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The inverse kinematics can be formulated so as to determine required actuator
lengths for a given position of the platform with respect to the base. The length of
the link L, are calculated as: L=q,-b.. [9]

IV. Computer Aided Design of the Stewart Platform

The platform is virtually designed in SolidWorks environment to simulate
and optimize the model parameters. This model is translated into MATLAB using
Simmechanics toolbox. The drive and control algorithms are accomplished by
Matlab software, the resulted control command are performed in the solidworks
model as shown in figure (4).

. Matlab/Simulink Update Solidworks
Joystick Input Model Model

Figure 4. Simulation eviroment

The entire mechanical structure of the Stewart platform is designed using

SolidWorks as shown in figure(5).

Universal 1 joint Linear Actuator Top platform Base plate

Figure 5. Stewart Platform main components.

Figure (6) shows Stewart platform after assembling all components together.

Figure 6. Assembled Stewart platform.

V. Modeling and Simulation of Physical Plant

In this study, the entire modeling and simulation is achieved by using
SimMechanics toolbox in Matlab. SimMechanics is a block diagram modeling
environment for the engineering design and simulation of rigid body machines
and their motions, using the standard Newtonian dynamics of forces and torques.
In the SimMechanics, it is possible to model and simulate mechanical systems by
specifying bodies and their mass properties, their possible motions, kinematic
constraints, and coordinate systems, and initiate and measure body motions. Also,
Matlab is used to control the movement of the platform according to the Joystick
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command signal, figure (6).

Fetom.

gt

(a) (b)

Figure 7. (a) Simmechanics model of the Stewart Platform. (b) One leg detailed
model.

VI. Controller Design

A controller is designed to control the platform to move from an initial position
to a desired position and orientation. It will generate required forces for each
linear actuator. Position and trajectory control of the platform can be reduced to
leg position control after inverse kinematic and path planning algorithms[10]. The
control error E_for each leg length is calculated as:

E.=q-b-In =Hp,-b-In (8)
Where In: nominal (reference) distance between the top and base attachment
points.

Control algorithms designed in Matlab Simulink environment with using
“target for use with Arduino hardware” library. The figure below shows our control
algorithm.

A simple PID controller calculates proportional, integral and derivatives of the
body sensor inputs and desired ones as:

F=K E+K [E+K, dE/dt (8)

The output of the controller F, applied to the physical plant as actuating forces
as shown in figure (8).
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05

Figure 8. A closed loop system of Stewart platform using inverse kinematics and
PID controller.

VII. Hardware Implementation
The mechanical structure of Stewart platform is designed to achieve flexibility in
the 6 degrees of freedom. The dimensions of the platform and the base are chosen
such that the whole mechanism will be easy to move [11]. The platform and base
are made out of iron material for rigidity, the base is 45.8 cm in radius and 6 cm
thick and the platform is 24.3cm in ra;dius and 7.5cm thick, figure (9).

Figure 9. Assemebled structure of stewart platform.
Universal joints, with 2 DOF, connect each actuator to the base plate, and

spherical joints,with 3 DOF, connect the actuators to the platform. Table(1) shows a
summary of the hardware specification in the chosen model.
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Table 1. The hardware design specifications for the Stewart Platform.

Degrees- of- freedom 6

6 universal
Number of joints and type 6 spherical

6 prismatic
Translation accuracy 5 mm

x-axis 0.2m
Translation range y-axis +0.22m

z-axis 0.5-0.81m

x-angle +20°
Rotation range y-angle +20°

z-angle 50°

The control and power circuits included as PC with Matlab environment,
Arduino Mega 2560, 6 H-bridge, UM6-LT Orientation Sensor, 12VDC wall adapter,
Sv adapter, USB to serial adapter.

VIII. Simulation Results

The visualization of Simmechanics model shows the motion of the platform
from different views. The Stewart platform is tested using a real flight simulator
to verify the model mechanics and control capabilities as shown in figure (10), it
shows the motion of the Stewart along with the motion of an air plane, and both
controlled using a joystick. We used Microsoft X plane for flying trainers.

")

Figure 10. Several positional cases of Stewart platform verified by a real flight
simulator.

Conclusion

In this research, A Stewart Platform manipulator is designed, simulated,
implemented and controlled. The Stewart Platform has better precision and
stiffness if compared to conventional serial manipulators. The inverse kinematics
is derived and simulated to achieve accurate positioning. The platform position is
calculated in terms of actuators linear extension.

The entire model is simulated and controlled using Matlab software using a PID
controller. The visualization of the resulted model is achieved by linking soildworks
3D model with Matlab using Simmechanics toolbox. The hardware is implemented
to validate the simulation results. The control circuit included microcontrollers to
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command the linear actuators using Matlab- Arduino interface. The results were
remarkable, we achieved accurate positioning of the platform compared to the
modeling results and visualized model.
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Abstract: With the recent advances in medical imaging modalities, minimally
invasive surgeries (MIS) for performing percutaneous procedures are developing
increasingly that give benefits of reduced trauma, decreased morbidity, less pain
and shorter recovery time. The MIS requires the insertion of surgical tools such as
needles, electrodes and catheters inside the vessels and colons. The tool should
precisely approach anatomical structures based on preoperative medical images,
while avoiding sensitive tissues and arteries. Steerable catheters are routinely
deployed in the treatment of cardiac arrhythmias. The complicated surgical
procedure is time consuming and requires high accuracy and dexterity of surgeon,
which additionally exposes the patient as well as the interventionalist to the ionizing
radiation. With the help of medical robots stable motions with good geometric
accuracy can be achieved. In this paper, an Image guided path planning method
is developed for steering the catheter inside the artery based on the geometric
constraints of the workspace and pre-operative 2D MRI image. Due to the distinct
characteristics of the catheter and workspace, Rapidly-exploring Random Trees
method is elaborated for path planning of catheter. The results verify the good
performance of the proposed method.

Keywords: Rapidly-exploring random tree method, path planning, workspace
determination, catheter.

1. Introduction

Recent advances in medical imaging modalities enabled interventionalists
to deploy Minimally Invasive Surgeries (MIS) for various disease diagnoses and
treatments which result in reduced trauma, faster patient recovery and less blood
loss. These procedures require insertion of needles and catheters inside the
body for tissue biopsy, neurosurgery, electrolytic ablation and so forth. Cardiac
catheters are applied for ablation, pacing and blocking ruptured blood vessels
[1,2]. Currently, catheter path planning is usually performed manually based on
pre-operative MR, ultrasound, fluoroscopy X-ray images by a surgeon. Therefore,
there is a tendency toward pre-operative path planning methods which can help
the surgeon to conduct an optimal navigation of the catheter. To the authors’
knowledge, there is very limited literature dealing with path planning of probes
and catheters due to the complex constraints of the environment and probes. In [3]
motion planning problem is formulated as a dynamic system in which the initial and
final configurations represent the boundary values and conditions; therefore, the
planning problem is transformed into solving a list of constraints, while minimizing
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cost functions (total potential energy of the deformable robot). The planner checks
for possible collisions between the robot and the obstacles during each simulation
step. An algorithm is applied to detect collisions between the deformable model
and stationary environment. A potentially colliding set of overlapping primitives
using set based Computations is computed. The algorithm uses 2.5D overlap tests
between arbitrary objects and checks for the existence of a separating surface along
a view direction. The algorithm is implemented in performing path planning of
cathetersin liver chemoembolization. This method is computationally too expensive
and takes hours for simulation. For path planning of electrode arrays in cochlear
implant surgery [4,5], the authors have assumed when the bent electrode array
shape matches the scala tympani curve, there will be no contact between the bent
electrode and the external wall of the scala tympani. Therefore after segmenting
the image and simplifying the model by exploiting an optimization algorithm the
path is extracted. The authors in [6] have applied Fast Marching Methods (FMM)
for nano capsule navigation. Fast Marching’s curvature bound is too conservative
to be adopted in real applications [7]. In contrast to the aforementioned methods,
Rapidly-exploring Random Tree (RRT) can satisfy geometric and nonholonomic
constraints while computing the path quickly [6].

This paper proposes an image based path planning algorithm for steerable
catheters. Section Il discusses steerable catheter path planning method. In section
I, workspace is determined. In section 1V, simulation results are provided.

2. Steerable Catheter Path Planning

Robot path planningis the process of determining a collision free path connecting
the initial and target configurations while avoiding the obstacles and satisfying the
physical and geometric constraints. The goal is to navigate the tip of catheter to the
target configuration, g, while avoiding collision with the arteries and staying within
the curvature bound and workspace.

2.1 RRT based Path Planning

In this paper, Rapidly-exploring Random Tree is adopted for steering the catheter.
The significant feature of this method in contrast to deterministic and probabilistic
roadmap planners [9] is the ability of searching high-dimensional spaces quickly
that have both algebraic constraints (originated from obstacles) and differential
constraints (originating from nonholonomy and dynamics). The idea behind this
method is to bias the searching toward the state space, and gradually pull the
search towards them. The RRT-based algorithms work on the following procedure.
Initially, the entry point is added as a first vertex to the tree. In the second step,
the algorithm explores a free state space (i.e. the general form of configuration
space, and encodes both configuration and velocity). Moreover, the fixed obstacle
region, Q , is assumed to be avoided. The states in the Q, can be the states outside
the curvature bound or no-go areas. Each vertex and edge of the generated path
will correspond to eree’ the complement of Q. In each iteration, a random state,
4., is sampled over Q.. In the next step, the nearest vertex already in the RRT,
q,.,» to the given sample configuration, g, is adopted. This results in a motion
toward q_ . with a distance metric that is a fixed incremental distance, €. If the
new state, q__ , which is along the segment connecting q __ with g, is in the free

and’
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space, it will be added as a vertex to the tree. An edge is also added from g _ to

near

4., This loop will be repeated until it reaches the target point. The resulting RRT
construction algorithm is depicted in Fig. 1.

BUILD-RRT (g, , K)

1 7. init(q, )

2 fork=1toKdo

3 q,,,<RANDOM_CONFIG()

4  Connect(7, ¢,,,)
5 Return 7

Connect (7, q)
1 q_ <NEAREST_NEIGHB (7, ¢ )

if NEW_CONFIG (¢,4,,,»4
7. add_vertex (q
7. add_edge (q
ifg ., =qthen
Return Reached;
else

Return Advanced;
Return Trapped;

new )
I’\EW)

new)

OO NOULS WN

Fig. 1: Basic RRT construction algorithm

3. Workspace Determination

For robotic catheter navigation, an accurate path planning method is required.
Toward applying the method, the workspace should be determined. Once the
workspace is formed, the developed path planning algorithm is tested on it. The
aortogram in lateral projection is provided as the workspace, which is a grey scale
image of size 460X614 (as depicted in Fig. 2(a)). The image is segmented in order to
provide the no-go areas (obstacles) that are wall of the arteries [10]. Canny filter is
adopted for detecting the edges and for noise reduction Gaussian filter along with
thresholding is applied. Fig. 2(b) depicts the segmented image.

105



CONTECH13

Fig. 2: (a) Aortogram in lateral projection, (b) Segmented image
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4. Simulation Results

Once the configuration space on the aortogram is formed, the developed RRT
path planning algorithm is tested on it. Fig. 3 shows the result of proposed path
planner being applied to a grey scale aortogram in lateral projection. For this
algorithm, the inputs are the start and target positions. Minimum curvature radius
is selected to be 35mm. The result verifies the good performance of the algorithm
in highly constrained and complex environment.

The algorithm has been implemented using MATLAB 7.11.0 (2010b), ran on
Intel” core™ 2 Duo CPU T5500 (1.66 GHz) processor.

5. Conclusion

This paper proposes an image based automatic path planner for cardiac
catheterization. Since the superior performance of RRT path planning method has
been proved [8], this method is adopted for path planning of the catheter. Automatic
steering of catheter is based on medical imaging; therefore, for configuration
space determination, image segmenting seemed to be necessary. Edge detection,
noise reduction and thresholding were performed over the image. Future work
will focus on path planning based on 3D CT/MRI images, additionally complete
catheter ablation path planning from femoral vein to cardiac ventricle/atrial will be
performed, and it will be verified experimentally. In order to be able to extend the
algorithm in three dimensional space, C++ can be useful in increasing is efficiency.
Testing different entry points for catheter insertion and accordingly different path
planning algorithms will allow the surgeon to consider all possible situations more
precisely.

Fig. 3: Result obtained using RRT based path planner
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Abstract

In this paper, we present a Real Time Discrete Space Vector Modulation
(DSVM) Scheme of an induction motor using RT-Lab Software and Matlab/Simulink
environment. In DSVM technique, new voltage vectors are synthesized by applying
three standard voltage space vectors for three equal time intervals at each sampling
period. To illustrate the performances of this control scheme, real time simulation
results are presented.

Key words: Induction Machine, Real Time Simulation, Discrete Space Vector
Modulation, RT-Lab.

Introduction

Over the years, it has been increasingly acknowledged how important and
essential the tools of real-time simulation and testing in all industries are. These
tools are no longer a luxury in modern system design, especially in electric motor
drives and power electronics, whose applications are found in an ever increasing
number in all sectors [1]. The cost constraint has led design and test engineers to
fully recognize the importance of real-time simulation, and it is now widely used
by high-tech industries as an essential and powerful tool to prototype complex
engineering systems in a cost-effective and secure manner, while reducing the time-
to-market [2].

A drive system that consists of a motor controlled by a power electronics
converter is a complex nonlinear system. The major research areas in electrical
drives include high-level modeling of the integrated motor drive, new converter-
inverter topologies, control algorithms, performance optimization, and fault
tolerant controllers. Thus, performing system-level testing which is one of the
major subsystems in developing a complex productin a comprehensive and cost
effective way, need real-time (RT) simulations [3].

The inverters are used to convert the dc voltage into ac voltage with controlled
voltage and frequency. The waveform of the output voltage depends on the
switching states of the six switches. Many applications of inverters face three major
requirements and limitations [4-7].

There are several techniques of switching the inverter switches such as the
six step inverter, hysteresis current controller, sinusoidal pulse width modulation,
and space vector pulse width modulation. Each technique has its own advantages
and disadvantages. Importance of SVPWM technique leads to recent utilization
of parallel three phase Inverters using SVPWM technique [8,9]. The modulation
principle of DSVM is based on SVPWM, which is to acquire the wanted voltage
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vector through basic voltage synthesis. The difference to DSVM is the time of
application need no computation, each one exert a third of a period.

This paper presents a Real time simulation of Discrete Space Vector Modulation
(DSVM) Scheme of an induction motor using RT-Lab Software and Matlab/Simulink
environment. In DSVM technique, new voltage vectors are synthesized by applying
three standard voltage space vectors for three equal time intervals at each sampling
period. To illustrate the performances of this control scheme, real time simulation
results are presented.

2. Real Time Simulation Platform

Fig.1belowshowsthe conceptofdigital real-timesimulation of an induction
motor drive system. The drive system developed includes an induction motor. The
test bench is also equipped with a semikron inverter fed by the DC voltage issued to
a bridge rectifier output connected to the three-phase AC supply 400/230V-50 Hz,
RT-Lab Target (16 Analog input(OP5340),16 Analog output(OP5330), 32 Digital I/O
(OP5311-5312)) and a personal computer with MATLAB/Sirnulink/RT-Lab software
to design a simulate induction machine control. The simulator uses the following
communication link (Ethernet connection (100 Mb/s) between the hosts and target
PC"s).

TCP/IP

Target PC (QNX)
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Matlab/Simulink
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¢ ¢
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executed on individual execution

Fig. 2. Principle of Real-time Simulation using RT-Lab
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4.Principle of Discrete Space Vector Modulation

The modulation principle of DSVM is based on SVPWM, which is to acquire the
wanted voltage vector through basic voltage synthesis. The difference to DSVM is
the time of application need no computation, each one exert a third of a period.

B
V14 (333) V13 (332)f V12(223) V11 (222)

V1332) X V5 (227)
V6 (2327)
V2 377) y’/‘ a
Sector 1+
----- V0 (ZZZ) >
A Sector 1-
V3 (52Z . V4 (62.Z)

V8 (55Z) ; V10 (66Z)
V9 (56Z)

V15 (55'5) \20) (556)' V17 (665) V18 (666)
Fig. 3. The DSVM voltage vector of first sector

In DSVM, the 5 voltage vectors are permuted and combined with 3 in a group,
and 19 voltage vectors are formed in this way, as illustrated in Figure 3. Each crossing
point is the end of the synthesized voltage vectors. “23Z”is the vector synthesized
by V2, V3 and 0 vectors. Thus there are many optional voltage vectors synthesized
with DSVM method, far more than the eight basic voltage vectors in traditional
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method.

5. Induction Motor Model

The plant that this paper deals with is an induction motor, a highly nonlinear
system. Its model described in the stator direct and quadrature frame (d-g) is given
by equation (1).

dig. 1 R-a)y, ., -0 1
a - EJr Lo g5 + Wslgs +7ng W Pgr +g—LsVds
di 1 R(l1—o0) (1-0) R.(1—0) 1
as ; ) . v
—L =t/ |igs — +— + +—V
dr (T’sa Lo )’“‘ Welas T OrPar Lo )% VoL, e
dps Rl,. R 1)
dtr = ;"_m las _T:Wdr + WP
dg,, R.L, . .
d;.” = :er lgs _L_;%r + W Par
dw, Ln,P .. ‘ ¢ f
dr = L_rf (las‘qu - Fqs%r) - T_?{Ur

In this case, the induction motor develops an electromagnetic torque expressed
as follows

Lin . )
T, = p.L_r (Qodr‘qs - q)qr‘ds) (2)

d, q : axes corresponding to the asynchronous reference axes in Park model,
Ls, L, Rg, R, and L, are: stator and rotor main inductances, resistances and
mutual inductance respectively. J is the rotor inertia moment, o dispersion factor.
las) Par » Lgs» Pqr are d-axis stator current, rotor flux and g -axis stator current,
rotor flux, and p is the number of pole pairs, (Vs is the angular speed.

6.Real Time Simulation of Dsvm for an Induction Motor

Fig. 4 below give the real time model of Discrete Space vector modulation
(DSVM) for an Induction Motor Drive (IM) as implemented in RT-Lab environment.
RT-Lab allows to model a subsystem in MATLAB simulink environment with some
own rules and perform automatic code generation and transfer of the simulink
model for the FPGA implementation.

Fig. 4 shows also the subsystem modelled for the present controller. Subsystem
named “SS_Induction_Motor” contains the simulink model of the induction motor
and the inverter RT-Events model.

Subsystem named “SM_DSVM” contains the discrete space vector modulation
generator control model,while subsystem named “SC_data_acquisition” represent
the model for user interface for online data acquisition.
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Fig. 4. RT-Lab real time simulation graphic model of DSVM of an IM

Fig. 5, Fig. 6 and Fig. 7 below give the details of master, slave#l and slave#2
block diagrams respectively as implemented in RT-Lab environment.
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Umag

Pulses
Uangle

Fig. 5. Details of Subsystem Master block: SM_DSVM
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Fig. 7. Details of slave block: SC_data_acquisition

7. Real Time Simulation Results

The control algorithm has been implemented using RT-Lab software package.
Satisfactory results are obtained with a fixed time step of 1.

Fig. 8, and Fig. 9 respectively, show the real time simulation of phase to phase
voltage and flux.
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Fig. 8. Real time simulation: a) Stator currents b)Phase voltage waveforms
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Fig. 9. Real time simulation of Flux

Fig. 10 shows the real time simulation of stator currents

Pl

Fig. 10. Real time simulation of current measurements:iszq, Iss, Lse
The curves of currents show the good response of currents
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In this paper, we present a Real Time Discrete Space Vector Modulation
(DSVM) Scheme of an induction motor using RT-Lab Software and Matlab/Simulink
environment. In DSVM technique, new voltage vectors are synthesized by applying
three standard voltage space vectors for three equal time intervals at each sampling
period. To illustrate the performances of this control scheme, real time simulation
results are presented.

8. Conclusion

The paper presented the real time simulation of DSVM of an induction motor
using RT-Lab Software and Matlab/Simulink environment. Real time simulations are
required by hardware in the loopapplications and their use allows rapid prototyping
of high performance induction machine. The Use of RT-Lab is much time saving in
developing a control model for the practical electric motor drives and offer great
easy and flexibility.
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Abstract

In this paper we investigated applicability of metadata to identify music contents
in MP3 file. Metadata in MP3 include information associated with music contents
such as a table of Hoffman code, scale factors, stereo types.

We considered music contents in MP3 file as a function of metadata. Our idea
is reasonable since music contents in MP3 file are controlled by characteristics of
in metadata.

In order to identifying a MP3 file, we used a concurrence order of metadata.
We assumed that MP3 files with other music contents have other concurrence
orders in their metadata. In experiments, we extracted metadata from MP3 files
and rearranged metadata as column vector of matrix. The rearranged metadata
were analyzed various numerical analyses such as singular value decomposition,
tensor analysis and differential method.

I. Introduction

Music identification is the most typical application of audio searching technique.
Bu comparing the characteristics of an unknown music query fragment. Usually
transmitted from mobile phones on the wireless telecommunication network or
from personal computers on the Internet, with those previous calculated and stored
in characteristics database, matching results and related metadata are returned.
Metadata in music file must represent music contents to differentiate from each
other.

Currently, many researches have insisted on various methods for identifying
music contents. Perhaps the most common method used is to identify the type
or name of a file by the fingerprints in music contents (Heydari 2002). This is an
extremely unreliable method, as any user or application can change or delete
fingerprints any time. As a result, some users are able to conceal files from system
administrators simply by renaming them to a filename with a different extension.
While this doesn’t conceal the existence of a file, it can conceal the nature of a file
and can prevent it from being opened by the operating system

Especially MP3 files take up most of music file in world music markets which
are regardless of its legal or illegal. According to the recent reportin [ ], about 90%
of the music contents is traded by an MP3 file type in music market whether it is
online or off line. Therefore the identification of MP3 file plays important role of a
music searching, a storage indexing and a tracking of illegal distributions (Wei Li,
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Yaduo Liu 2010)

In this paper we investigated applicability of metadata to identify music contents
in MP3 file. Metadata in MP3 include information associated with music contents
such as a table of Hoffman code, scale factors, stereo types. We considered music
contents in MP3 file as a function of metadata. Our idea is reasonable since music
contents in MP3 file are controlled by characteristics of in metadata.

The remained paper is organized as follows. Section 2 introduces the basic
principles of MPEG Layer-3, bit stream data format and metadata structure. Section
3 details the steps of our experiment to identify MP3 file. Experimental results
on occurrence order of metadata in a MP3 file are given in Section 4. Section 5
concludes this paper and point out possible ways of future research.

Il. MP3 File Structure
A simplified illustration of MPEG Layer-3 encoder is shown in Figure 1.

AU
t
¥
A Subbands
W/—\f
Sl Ly
Block MIDCT
AU bl | Re—
>3]

| 576

Figure 1. Simplified frequency transformation of MPEG Layer-3 encoder

The input PCM signal is mapped into 32 equal bandwidth subbands through
a polyphase filter bank, which simulate the critical bands in the human auditory
system (HAS). The sub-band outputs are further subdivided by MDCT transform
using long or short window to provide better spectral resolution. The long window
allows greater frequency resolution for audio signals with stationary characteristics,
while the short window provides better time resolution for transients.

Combined with other adjuvant techniques including psychoacoustic model,
scale factor, Huffman coding, quantization etc, the final compressed bit stream is
generated. Figure 1 displays the frame format of MP3 bit stream, and each frame
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has two granules to exploit further redundancies.

1.1 OVERALL STRUCTURE OF MP3 FILE FORMAT

Within an MPEG audio file, there is no main header, as an MPEG audio file is just
built up from a succession of smaller parts called frames. Each frame is a data block
with its own header and audio information as in Figure 2.

(An MP3 File)
MP3 Header ID3v2 Metadata
MP3 Data MP3 Header
(Internal Structure | nMP3 Header MP3 Data
of an MP3 File) MP3 Data MP3 Header
Note that the MP3
Repeated MP3 Data
> The Structure may be > R d
MP3 Header ‘encapsulated’ within epeate
MP3 Data An ID3 tag. MP3 Header
MP3 Header MP3 Data
MP3 Data MP3 Header
MP3 Data
MP3 Head
(An MP3 Frame) MP3 ;:taer

Figure 1. Simple structure of MPEG audio Layer-3 file

In the case of Layer | or Layer Il, frames are totally independent from each other,
so ONE can cut any part of an MPEG audio file and play it correctly. The player will
then play the music starting from the first full valid frame it will find. However, in
the case of Layer lll, frames are not always independent. Due to the possible use of
the ‘byte reservoir’, which is a kind of internal buffer, frames are often dependent
of each other. In the worst case, 9 input frames may be needed before being able
to decode one single frame. If one needs to retrieve information about an MPEG
audio file, you might simply locate the first frame, and retrieve information from
its header. Information within other frames should be consistent with the first one,
except for the bitrate, as you might be retrieving information from a variable bitrate
(VBR) file.

In a VBR file, the bitrate can be changed in each frame. It can be used, as an
example, to keep a constant sound quality during the whole file, by using more bits
when the music is more complex and thus requires more bits to be encoded with a
similar quality. The frame header including metadata itself is 32 bits (4 bytes) length.
The first twelve bits (or first eleven bits in the case of the MPEG 2.5 extension) of
a frame header are always set to 1 and are called ‘frame sync’. Frames may also
feature an optional CRC checksum. It is 16 bits long and, if it exists, immediately
follows the frame header. After the CRC comes the audio data. By re-calculating the
CRC and comparing its value to the sored one, you can check if the frame has been
altered during transmission of the bit stream.
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Il. 2 Structure of Metadata In Sideinfo of MP3 File
The side information part of the frame consists of information needed to
encode the main data. The size depends on the encoded channel mode. If it is a
single channel bit stream the size will be 17 bytes, if not, 32 bytes are allocated.
The different parts of the side information are presented in Table 1 and described
in detail below.
Table 1. Metadata in sideinfo of MPEG audio Layer-3 file

Bit allocation Single Channel Dual Channel
Main_data_begin 9 9
Private_bits 5 3
Share 4 4+4
Information for granule

Part2_3_length 12 12+12
Big_values 9 9+9
Global_gain 8 8+8
Scalefac_compress 4 4+4
Window_switching 1 1+1
For normal blocks

Table_select 3*5 3*5+43%*5
Region0_count 4 4+4
Regionl_count 3 343
Preflag 1 2
Scalefac_scale 1 2
Countl_table_select 1 2
Subtotal for first granule 59 118
Subtotal for second granule 59 118
Total number of bits 136 256
Total number of byte 17 32

The length of each field will be specified in parenthesis together with the
fieldname above the actual description. If one length value is written the field size
is constant. If two values are specified the first value will be used in mono mode and
the second will be used for all other modes, thus these fields are of variable length.
All tables below will assume a mono mode. The tables will change depending on
mode since separate values are needed for each channel.

Using the layer Ill format there is a technique called the bit reservoir which
enables the left over free space in the main data area of a frame to be used by
consecutive frames. To be able to find where the main data of a certain frame begins
the decoder has to read the main_data_begin value. The value is as a negative
offset from the first byte of the synchronization word. Since it is 9 bits long it can
point (2°-1) X 8=4088bits. This means that data for one frame can be found several
previous frames. Note that static parts of a frame like the header, which is always

122



CONTECH'13
32 bytes, are not included in the offset.

11l. Proposed Method
The overall structure of proposed method is shown following as Figure 3.

Method of Numerical analysis

le— 1%t and 2™ differencition

Tensor analysis

Entropy analysis

r 11

SVD analysis

N

Feature extraction

v

Feature set configuration

v

To sever for storing of features

Figure 3. Overall structure of proposed method

In Figure 3, we extracted the metadata from sideinfo blocks in MP3 file and
then rearranged the metadata on matrix from at first. The rearranged metadata
were analyzed some numerical analyses such as differential method, singular value
decomposition (SVD), tensor analysis and entropy analysis as in Figure 4.

Method of Numerical analysis

le— 15t and 2™ differencition

Tensor analysis

Entropy analysis

L 11

SVD analysis

y

Feature extraition

!

Feature set configuration

)

To sever for storing of features

Figure 4. Representation details of numerical analysis stage in Figure 3
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In the numerical analysis stage, the differential method represents metadata to
differentiated matrix and analyzes its characteristics such as the sign of slope, local
maxima and local minima.

SVD analyzes singular values of metadata matrix. SVD is a factorization of a real
or complex matrix, with many useful applications in signal processing and statistics
(VASIL KOLEV 2010). Formally, the singular value decomposition of an mxn real or
complex matrix M is a factorization of the form

M=UXV" @)

Where U is a mxm real or complex unitary matrix, £ is an mxn rectangular
diagonal matrix with nonnegative real numbers on the diagonal, and V* (the
conjugate transpose of V, or simply the transpose of ‘V’ if ‘V’ is real) is an nxn real
or complex unitary matrix. The diagonal entries Zu of ¥ are known as the singular
values of M. The m columns of U and the n columns of V are called the left-singular
vectors and right-singular vectors of M, respectively.

A tensor can be represented as a multi-dimensional array of numerical values
(P. Comon 2009). The order (also degree or rank) of a tensor is the dimensionality
of the array needed to represent it, or equivalently, the number of indices needed
to label a component of that array. For example, a linear map can be represented
by a matrix, a 2-dimensional array, and therefore is a 2nd-order tensor. A vector
can be represented as a 1-dimensional array and is a 1st-order tensor. Scalars are
single numbers and are thus Oth-order tensors. Tensors are used to represent
correspondences between sets of geometric vectors. For example, the metric
tensor T takes a vector v as input and produces the metric TV on the surface normal
to this vector for output thus expressing a relationship between these two vectors.

IV. Exprtimental Results

We conducted the experiment in accordance to the procedure of Figure 3.
Firstly, the metadata were rearranged to a matrix form. Figure 5 shows the example
of a rearranged metadata on a matrix form. The elements of metadata matrix are
binary number, which are shown the bit ‘1’ to white and bit ‘0’ to black in Figure 5.

Bits

200

250

4000 ' 6000 8000 10000
Sideinfo stream

Figure 5. Example of a rearranged metadata on a matrix form
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The number of column in metadata matrix is 256 and 136 in cases that the MP3
file is the stereo and mono type, respectively. The number of row depends on the
number of metadata in the MP3 file. In MP3 files which used for extracting the
metadata, the most metadata had mono type with the exception of some parts.
Therefore the below of 156th bit in metadata matrix were bit ‘0" which were black
color in Figure 5.

In SVD analysis of the metadata matrix, the metadata matrix was decomposed
as in (1). All of 236 MP3 files were used to SVD analysis had full rank having 256
singular values. Figure 6 shows the curves of singular values by different MP3 files.
In the figure, the horizontal axis is the index of metadata and the vertical axis is the
logarithm scaled singular values. One can observe that the curves of logarithm-
scaled singular values are clearly distinguishable.

e
10° : ==

Logarithm of singular value

e Q

0 50 100 150 200 250

Index

Figure 6. Curves of singular values of rearranged metadata by different MP3 files

This result means that the logarithm- scaled singular values may be possibly
used for the identification of MP3 file. Another result of SVD analysis was related
with some singular values Arranged in order of values. Value-ordered singular
values that are dominant components in SVD, are different from each other MP3
file.

We tried to construct the metadata matrix to multidimensional array called
tensor. Our intention was to identifying the particular MP3 file through the tensor
analysis. The metadata tensor which constitutes to the integration of metadata
matrix of mp3 files, is illustrated conceptually in Figure 7.
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Figure 7. Multidimensional array structure of a rearranged metadata

V. Conclusions and Further Studies

Our experiments are in progress. The experimental results in this paper a part of
identifying MP3 file based on the metadata. Through our experiment, we confirmed
possible the identification of MP3 file. The further research focuses on the rest
tensor analysis and entropy analysis of metadata to identify MP3 file.
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Abstract

This article presents a new variant of artificial immune recognition system (AIRS)
devoted to solve problems of multi-classes writing recognition and to improve the
recognition rate. This approach is mainly based on selecting appropriate methods
of feature extraction statistical and structural, and an adequate similarity distance.
To evaluate the performances of the proposed scheme, tests are performed on
recognition of digits and letters.

Keywords: Artificial Immune System (AIS); handwritten recognition; Artificial
Immune Recognition System (AIRS).

Introduction

Biology provides many sources of inspiration in the field of artificial intelligence
and pattern recognition [1]. Inspired by the properties of immune systems [2-
3], such as memory and adaptation, we propose different models to detect and
recognize complex shapes like digits and handwriting.

In our case, we are interested in the use of artificial immune system (AIS) for
handwritten character recognition. To overcome difficulty of the handwritten
character recognition [4] which is due to the change in writing styles from one
hand to another, we use different metric distances to measure similarity between
features to determine best classifier.

The rest of this paper is organized as follows. Section 2, presents briefly natural
immune system (NIS), followed by artificial immune recognition system (AIRS).
Section 3 is devoted to the experimentation and discussion of the results obtained
by this approach. Finally, last section presents our conclusion.

Natural Immune System (NIS)

The immune system is responsible for the human body’s defense against the
foreign pathogens [5]. Human body’s defense is provided by an army of cells and
molecules working together to eliminate the antigen [6], and it is also able to adapt
to changing antigens, to recognize them and to remember [7].

Artificial Immune Recognition System (AIRS)

AIRS is a supervised learning algorithm inspired from immune system metaphors.
The training phase is composed of four essential successive stages. These last are
initialization, memory cell identification and ARB generation, resources allocation
and competition, introduction of candidate memory cell [7].
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Initialization
This step consists of preparing the data, seeding of initial memory cells and

initial ARBs (Artificial Recognition Ball) population. During initialization, all the
training data (antigens) are normalized. In our case, four distances are used [8, 9]:

Euclidean Distance’

d(x,y) = i —w)? (1)
Canberra Distance’
_wn e —wil
d(x,y) = =1 ] (2)

Squared Chords Distance

de,y) =, (V5 =00 3)

Chi- square Distance’

d(x,y) =

An affinity threshold is used to control the quality of the memory cells [10]. This
threshold is the average affinity value of all antigens and is calculated using the
following equation:

ETI_ ET?_. inity . .
af finity threshold = —=zin ST (agu ag;) (5)

2z

Where n is the number of learning data (antigens), ag, and ag, are two antigens,
and represents similarity distance between the feature vectors of these two
antigens. The affinity threshold is used to control the quality of the memory cells,
which are kept in the system [11]. The last treatment is to initialize all memory
cells and population of ARBs (Artificial Recognition Ball). This is done by randomly
selecting examples from the set of training vectors.

Memory cell identification and ARB generation
The first operation of this stage is the identification of memory cell and the
generation of ARB. For each antigen, ag, of the testing set introduced in the system;

1 Euclidean distance is our perception of the principle intuitionistic ball. However, given that the ball
depends on a radius and the radius depends on the distance metric used, a ball can take many strange
forms.

2 It is better to ,,normalize” its vectors to non-negative values before using the Canberra distance or
distance of chi-square.

3 See note 2.
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find memory cell,, which has the highest antigen stimulation according to the
following formula:

MCpratch = ArGMAX . epcag.cStimulation (ag, me) (6)

With
stimulation (ag,mc) = 1— affinity (ag, mc) (7)

Once has been identified, it is used to generate news ARBs (cloning) to be
placed in the population of pre-existing ARBs. Each ARB is a mutated clone of and
the number of clone for this cell is calculated according to the algorithm described
in [7].

Allocation of resources and competition

The aim of this step is to develop a good candidate memory cell to properly
classify a given antigen, ag. This is done by adding more information to ARBs, their
classes and resources. Then, the resources of ARBs with small stimuli and ARBs
without resources are removed from the population [7].

This process of allocation of resources is repeated until average stimulation, s,
for each subset of the class of AB is higher than the affinity threshold: '

E[‘iﬁilabixsrim bi AB

§; = TJGJ € Ab; (10)
At this point, the population consists only of ARBs which are the most stimulated

by the given antigen, ag, and are finally ready for the final stage of learning.

Introduction of a candidate memory cell

After the stage of learning, a candidate memory cell is chosen among the
remaining ARBs and if it is stimulated by the training antigen, ag, it is added to the
set of memory cells [5]. Once the learning phase is complete, the classification of
test examples is performed by K-means. This process continues until all the antigens
were presented to the system.

Handwriting Recognition System

Database

In our study we focus on the classification of digits and letters, taken from the
MNIST data-base [12], and samples of handwritten letters [13]. Figure 1 shows a
set of images from the used database.
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Figure 1. Samples of deta (a). A sample of digits of the database (MNIST), (B). A sample of

hemedwritten letters.

Coding Data

Some preprocessing operations are performed on the images of digits (letters)
to reduce the effects of noise, followed by the extraction of feature vectors
representing each digit (letter). In what follows, a description of the proposed
system is given [14].

Preprocessing

Preprocessing operations prepare the image of digits (letters) for the later stages
of the recognition process. Practically these preprocessing include: thresholding,
smoothing, dilation, erosion, standardization, localization, and the skeletonization.

Extraction of Primitives
In our approach, we consider 31 features: 28 statistical features and 3 structural
features.

Classifier

The last step is to classify the data with AIRS using the four distances, and
evaluate its performance by comparing it with other conventional classifiers: K
Nearest Neighbors (KNN), Multi-Layer Perceptron (MLP) and Radial Basis Function
(RBF).

Experimental Results

In order to evaluate the proposed classifier for digits (letters), the database
is divided into two parts. The first part is composed of an image set for learning
classifiers (10000 images of digits and 60 images of the letters), while the second
part consist of an image set for testing classifiers (6000 images of digits and 60
images of letters). We initialize AIRS system parameters, the corresponding values
were empirically determined; those which give best recognition rate are shown in
Table I. Tests carried out with the four distances: (EUC (Euclidean), CHI (Chi-square),
CAN (Canberra), COR (Squared Chords)) on the all data set are presented in table II.

Table I. Parameter Selection for Airs (Handwritting Recognition)
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AIRS parameters Values
Clonal rate 30
Mutation rate 0.25
Hypermutation rate 15
Affinity threshold scalar 0.01

Table Il. Performances of Proposed Classifiers With Differents Distances.

Classifiers Recognition rate (%)
with Digits Letters
KHI 85.85 84.56
CAN 91.05 88.87
COR 81.57 82.23
EUC 82.44 86.66

Table Il shows that the classifier with CAN distance is better than the others,
the results obtained with EUC, COR and KHI are not satisfactory although all
the features were used. To improve the recognition rate in the cloning step, the
mutation is a permutation of 5% in features vector. Table Il shows that there is a
significant improvement in recognition rates using permutation instead of mutation
in the cloning phase.

Table Ill. Performances of Proposed Classifiers With Permutation.

Classifiers Recognition rate (%)
With Digits Letters
KHI 92.91 90.12
CAN 96.34 95.55
COR 92.11 90.78
EUC 94.67 94.53

To validate this approach, a comparison is made with other classifiers such as:
traingdx standard algorithms of Multi-Layer Perceptron (MLP), newrb of Radial Basis
Function (RBF) and also the classifiers K Nearest Neighbors (KNN) using a set of
12 structural and geometric characteristics [15]. Table IV shows that our approach
presents good recognition rate for both case digits (96.64%) and letters (95.55%)
compared to others.

Table IV. Manuscript Handwriting Recognition Using Mlp, Rbf And K-Nearest
Neighbor (KNN) Classifiers.
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Classifiers Performance (%)
digits Letters

RBF (newrb) 71.80 50
K-Nearest Neighbors (KNN) 74.74 82.48
MLP (traingdx) 80 69.63
CAN 96.34 95.55

Figure 2 and 3 show respectively the effect of varying the number of clone in
the interval [40, 1000] and the number of initial antibody (ARB) in the interval [10,
800] on the rate of recognition during the learning phase. Notice that the increase
of these two parameters, the rate of recognition and computation time increases
at the same time. This improvement in the recognition rate is mainly due to the
diversity of the population which change its characteristics according to antigens

presented at its input.
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Figure 2. The variation of recognition rate according to the mumber of clones.
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Conclusion

In this paper we proposed a bio-inspired approach based on the extraction of
different characteristics, choice of a similarity distance and an appropriate cloning
method (mutation, permutation) to improve the performance of the classifier in
terms of reducing computation time and accuracy quality. Test carried out on data
set, show that proposed model has a high recognition rate compared to those
provided by MLP, RBF and KNN.
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Abstract. We present in this paper a system for detecting moving objects in
video surveillance. We used a new approach for background substraction based
on Gaussian mixtures and the HSV color space. On the one hand, the RGB space
does not represent the influence of light on color because it affects all three
components. On the other hand, local variations, variations in brightness as well
as the complexity of the background influence on the performance of GMM. It is in
this perspective that we have proposed an approach that will significantly reduce
the brightness variations by focusing luminosity on a single component of the HSV
space. To overcome the problem of local variation, we divide the image into equal
size areas and calculate a change index for each area. Finally, only the parts that
have significant change will be updated in the background model. Tests carried out
on several public and personal video database showed that the proposed approach
gives better performance and a low execution time than a simple GMM.

Introduction

Automatic detection and tracking of moving object is very important task for
human computer interface, video communication, and security and surveillance
system application. The Current surveillance systems infrastructures offer only
the possibility to capture, save and distribute videos [1] to be treated manually
by a specialist in the detection of anomalies and suspicious human behavior. The
used methods to solve the problem of the video surveillance in its different levels
[2,3], are namely, segmentation, detection, recognition and tracking of moving
objects. This process begins first with the extraction of objects that do not belong
in the background [4]. The method most commonly used is the modeling of the
environment [5].

In the literature these approaches are divided into three parts: extraction
methods of the background based on the comparison between the current image
and the image of reference [6], the temporary difference that permits to cutting
the video into a set of fragments separated in a lapse of constant time and the use
of the optical flow estimating movements using a set of points similar to an object
through several fragments [6,7]; the second step is to classify objects extracted from
the first step using techniques such as contours detection and specific descriptors
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of an object [6,7]; the last step is the tracking of objects across the scéne.

The contributions made in recent years in this area revolve around two main
axes: the features used for image representation and the methods used for
modeling the background. Some others works based on hybrid methods (features
/ characteristics, features/models and models/styles) have also contributed to the
improvement of video surveillance.

[8] have used the pixels probabilities to measure the characteristics of low
texture and modeling of local states with invariant scales and an adaptive learning
of the background for a multi-modal representation. [9] proposed an improved
modeling of the background using an approach based on the region and sparse
as model characteristics of the background. An adjustment of the algorithm is
performed depending on the dense regions and smooth textured scenes. Another
region-based approach was proposed in [10] where two regions of motion are
constructed. The first is a subtraction between the current frame and it’s adjacent
and the second is a subtraction between adjacent of the next frame. The difference
between the regions of movement and the intersection of neighboring regions is
calculated to select the candidate regions. The update is performed for regions
having stable probabilities among the selected regions. [11] proposed a block
modeling combining colors and textures to represent the background. [12] proposed
a similar work with integrating a local binary pattern, RGB color space, Sobel filter
as characteristics and the Choquet’s fuzzy integral to reduce uncertainty effects.
[13] used an orthogonal transformation of non-separable wavelets information
frames for modeling the background with a set of post processing to eliminate
shadows and noise. Another use of wavelets is proposed [14], where each region
of the model-based region is represented by multi resolution wavelets with K
Gaussian mixtures. For a representation and a direct adaptation of the background
from a compressed video [15] have used the discrete cosine transform and AC
coefficients. A non-parametric approach proposed by [16] where they applied a
condensation algorithm to minimize the number of samples used for modeling the
probability density of the background. The detection of moving objects is provided
by Markov random fields. [17] proposed an extension of nonparametric models
based on spatio-temporal modeling of the background, they used 3x3 blocks
centered on the pixel in question and calculated the density of the core relative to
9 neighbors of that pixel. Other approaches have been proposed for modeling the
background such as the sequential density approximation [18], the median filter
on several levels with a codebook [19] and Bayesian decision [20,21] . In [20] the
posterior probability of observing a pixel as background or foreground is estimated
from the frequency of application of the pixel, whereas in [21] propose a Bayesian
framework using spectral and spatial-temporal for modeling the background. The
background is represented by the most significant characteristics for each pixel.
The Bayesian classification, in both approaches, will classify each new fragment in
the two classes (foreground and background) based on the main feature. Gaussian
mixtures are among the most widely used methods for modeling the environment
[22]. They are efficient if the video does not contain any local variation where
changes in light [22]. However, learning a cluttered background and with multiple
moving objects remains the major problem of this method [22,23]. The work of [24]
showed that GMM offers a compromise between extraction quality and execution
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time compared to other methods for extracting the background. In [25] the authors
proposed a model of the background based on mixtures of Gaussian and used a
real parallel to the implementation of this method on images of 1024x1280 pixels
resolution at a rate greater than 30 frames per second (fps). To eliminate the
problem of sudden changes in brightness, [26] proposed two different models of
the background, the first when the environment is bright and the other when it
is dark by using an analyzer for brightness to choose the most appropriate model
for the extraction of moving objects. Another model is proposed in [27] using as
features of tensor fields instead of the color space that are used in the GMM. For
modeling the background [28] proposed hybridization between Gaussian mixtures
and k-means approach. This model is based on the collection of intensities of
each pixel, where each intensity is analyzed by a mixture of Gaussians which is
then divided into two clusters by the k-means method. Another hybridization was
proposed in [29] which aims to eliminate problems caused by camera motion by
using fuzzy logic type 2 for treating uncertainty generated by the GMM during the
modeling of the background. The combination of background models and adaptive
Gaussian mixtures is proposed in [30]. The first model detects changes in the fine
textures in the background using a motion detection algorithm, while the second
models the background using a selective algorithm for estimating the movement
hierarchy. Work as those proposed in [31,32] apply an alpha rate adaptive learning
GMM allowing to solve the problem of coefficient updating GMM which greatly
influences the performance of the method.

In this paper, we will focus on the detection of moving objects in video
surveillance through a fixed camera using GMM. To overcome the problems of local
variation and variation in brightness, first, proposed system allows segmentation
of the original image, extracted from the video into several zones. Each zone will
be assigned to one thread that will monitor the behavior of the area based on
the analysis of histograms. Only segments that have undergone a change will be
updated by the GMM.

Proposition

Pretreatment. This phase transforms the captured video into a set of frames
where each frame is a sequence of video. Images from the video are RGB, but this
representation is not adequate due to the influence of light on the description of
objects [33]. For this we made a transfer to the HSV model recognized to be the
closest model of human perception and ensures a better result since the brightness
affects only one component [33].

Segmentation. This part of the system is operable only in the initialization phase
of the system. Each frame is divided into N segments of equal size to minimize local
variations. The choice of the number of segments depends on the initial size of the
images, the environment, and the field of use. On segmentation imposes a decrease
in performance and sub segmentation a decrease in quality which implies that the
choice of the number of segments must be a compromise between performance
and quality.

Treatment. This block contains the bulk of our work, it creates a very stable
model of the background due to hybridization between the individual capabilities
of threads lookouts and the power of mixtures of Gaussians.
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We use multithread approach to accelerate the operations and to simplify
actions. In fact, each thread will have the role of monitoring the behavior of the
area to which he was assigned. For each zone, we create and save the histogram of
the latter in his memory. Thus each new treatment, the agent can detect changes in
the area by comparing the current state of the histogram with the state memorized.

First, we will create and save the histogram of each zone. Then, in each new
treatment, we calculate and compare the current state of the histogram with the
memorized state. If the comparison is greater than a certain threshold T, a signal
will be triggered indicating the detection of a change in the area.

In the literature, there are several methods to measure the similarity (dis-
similarity) between two probability distributions P and Q [34,35], the most used
are the Bhattacharyya distance (Formula 1,2)

Dy(p,q) = —In(BC(p,q)) (1)

Where

BC(p,q) = Xxexy/P(x)q(x) (2)

Gaussian Mixture Models. This section briefly describes a mixture of the
Gaussians-based background subtraction method proposed in [36]. This method
describes the probability of observing a pixel value, X , at time t as (6).

P(X,) = E?=1Wr‘,t7? (Pe ot Zip) (3)

where Kis the number of Gaussians, which is usually set to be between 3 and 5;
,and are weight, mean and the covariance matrix of the i-th Gaussian in the mixture
at time t, respectively. For computational efficiency, red, green and blue pixel values
are assumed to be independent and have the same variances. To update this model,
the following on-line K-means approximation is used [36,37]. Every new pixel value
is checked against the K Gaussian distributions to determine whether this value is
within 2.5 standard deviation of one of them. If none of the distributions includes
this pixel value, the least probable distribution is replaced with a distribution that’s
mean; variance and weight are set to the current pixel value, pre-determined high
variance and low weight, respectively. The weights of the K distributions at time t
are updated as (4).

Wie = (1 —a) W+ aMy, (4)

where a is a learning rate, and is 1 for the distribution which includes the current
pixel value within its 2.5 standard deviation and O for the other distributions. After
updating the weights, they are renormalized to make their summation become one.
The parameters of the distribution which includes the current pixel value within its
2.5 standard deviation are updated as (5) (6).
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Hie = (1 — @) tiepo1 + P~ Pt (5)
T

G’Jir =1 - 0’1?,.:-1 + ‘Pk(Pr - #k,r) (Pr - #k,t) (6)

¢ = an(Pe/pwor) (7)

where is a learning factor for adapting distributions. The parameters of the other
distributions remain the same. To decide whether is included in the background
distributions, the distributions are ordered by the value of and the first B
distributions which satisfy (8) are chosen as the background distributions.

B = argmin(Li= Wi, > B) (8)

where B is a measure of the minimum portion of the data that should be
accounted for by the background. If is within 2.5 standard deviation of one of these
B distributions, it is decided as a background pixel.

Post-processing

Post-processing can correct errors in the previous step. Indeed, the extraction
of the background leaves a large number of noise and holes, which influence on
segmentation algorithms and system behavior. For this we have proposed morpho
mathematics operations as post processing. Expansion allows filling the holes left
inside objects, while erosion removes unwanted points generated by the presence
of dust or a tiny change in brightness is not detected by the agents. Figurel shows
that this is necessary for enhancing images after the extraction of the background
to better detect the edges of objects and simplifying other system tasks.

Fig.1. results of morpho-mathematics operations.

Detection of moving objects

We performed a localization of objects by analyzing histograms of horizontal
and vertical projection. Using an iterative process, we try at each step to segmenting
the image in parts according to the number of peaks between two minima in the
histogram. We apply the same process to each part until attain a non-segmental
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part. Each peak between two minimums represents a moving object.

Experiments and Results

The algorithms presented in this paper are implemented in Java on a computer
with an Intel Core i5 2.67 GHz power and 4GB of memory capacity.

This section seeks to highlight the results obtained from tests carried out on the
basis of videos. The videos used are different from the context, the light intensity,
fluctuations in the abundance of objects, number and type of people, movements
caused by the active elements of nature such as wind, clouds, dust the noise and
jostling movements of the camera.

Fig.2. System results in a complex external environment. a) Shows the
original image. b) Shows the image after extraction of the background.

Fig 2 was taken to a house in the mountains where there is a large movement
of wind and frequent stirring of the trees and the appearance of flying objects
and animals. Figure 2 shows that the system gives very good results in natural
environments where the brightness and the effects of wind and dust influence on
other extraction approaches.

() (d)
Fig.3. Results of the system in a simple and partially dark environment. c}
Shows the original image. d) Shows the result of the extraction of the
background.

Figure3 was taken in the hallway of a house with a very low light. This figure
shows the effectiveness of our system partially dark environments with very large
variations in brightness caused by the reflection of light in a narrow environment.
Parts of the body not affected by the light remain undetected, but the quality of the
contours allows us to retrieve the object in motion.
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e}

Fig.4. System results in an administrative environment.
e) Shows the original image. f) Shows the result ofthe application of our
approach image.

Figure4 was taken in a house with a decoration similar to office administration.

It shows that the system is also efficient in administrative environments where
multiple stationary objects share space with employers.

i

Fig.5. Comparison between the extraction of the background with normal
GMM and our system. g) Original image. h) Results of the extraction of the
background using a GMM model. i) Resulis of the extraction of the
background with our system.

Figure5 clearly shows the contribution of our approach compared to the use of
a simple GMM. Indeed, the image (Fig. 5h) shows a set of unprocessed pixels even
after a post treatment step. This set comes from the fact that local variations in
brightness have influenced the model where weak GMM.
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) m’)
Fig.6. Result of monitoring a moving individual in a complex environment
with random movements. k, |, m) the original images. k°," I, m 7} tracking
objects

(Figures 6k) and (Fig. 6m) shows the tracking of a moving individual through
the system. (Figures 6l) shows the tracking of several individuals. The division of
the individual terminal triangle in the figure (Fig. 6k) is caused by the localization
algorithm of points that constitute one segment. False detections are clearly
presented in the figure (Fig. 6m) or the system detects the shadow of a person as
an object in motion

Conclusion

We present in this paper a system for extracting moving objects using Gaussian
mixture models preceded by segmentation into interest areas where each zone is
monitored by a thread. Thread executes an algorithm for comparing histograms
of areas for which they are assigned. The segmentation of image in a set of areas
is due to the major default of Gaussian mixture models i.e. local variations and
variations in brightness. We can say that our system has obtained encouraging
results as compared to a pure modeling with GMM, but there is still some way to
go to get a perfect system similar to a human being. As perspective, we will try to
eliminate shadows for better performance and new ideas.

142



CONTECH13

References

[1] Jin-Cyuan Lai; Shih-Shinh Huang; Chien-Cheng Tseng; , “Image-based vehicle
tracking and classification on the highway,” Green Circuits and Systems (ICGCS),
2010 International Conference on, vol., no., pp.666-670, 21-23 June 2010 doi:
10.1109/ICGCS.2010.5542980

[2] Bishop, A.N.; Savkin, A.V.; Pathirana, P.N.; , “Vision-Based Target Tracking and
Surveillance With Robust Set-Valued State Estimation,” Signal Processing Letters,
IEEE, vol.17, no.3, pp.289-292, March 2010 doi: 10.1109/LSP.2009.2038772

[3] Woo, H.; Jung, Y.; Kim, J.; Seo, J.; , “Environmentally Robust Motion Detection
for Video Surveillance,” Image Processing, IEEE Transactions on, vol.PP, n0.99, pp.1-
1, 0 doi: 10.1109/TIP.2010.2050644

[4] Zhen Li; Zhigiang Wei; Bo Yin; Xiaopeng Ji; Ruobing Shan; , “Pedestrian
Detection Based on a New Two-Step Framework,” Education Technology and
Computer Science (ETCS), 2010 Second International Workshop on , vol.3, no.,
pp.56-59, 6-7 March 2010 doi: 10.1109/ETCS.2010.160

[5] Hedayati, M.; Zaki, W.M.D.W.; Hussain, A.; , “Real-time background
subtraction for video surveillance: From research to reality,” Signal Processing and
Its Applications (CSPA), 2010 6th International Colloquium on, vol., no., pp.1-6, 21-
23 May 2010 doi: 10.1109/CSPA.2010.5545277

[6]Gyu-Jin Kim; Ki-Yeol Eom; Moon-Hyun Kim; Jae-Young Jung; Tae-Ki Ahn;
, “Automated measurement of crowd density based on edge detection and
optical flow,” Industrial Mechatronics and Automation (ICIMA), 2010 2nd
International Conference on, vol.2, no., pp.553-556, 30-31 May 2010 doi: 10.1109/
ICINDMA.2010.5538248

[7]Saleemi, Imran; Hartung, Lance; Shah, Mubarak; , “Scene understanding by
statistical modeling of motion patterns,” Computer Vision and Pattern Recognition
(CVPR), 2010 IEEE Conference on , vol., no., pp.2069-2076, 13-18 June 2010 doi:
10.1109/CVPR.2010.5539884

[8]Yuk, J.S.-C.; Wong, K.-Y.K.; “An efficient pattern-less background modeling
based on scale invariant local states”; Advanced Video and Signal-Based Surveillance
(AVSS); 2011 8th IEEE International Conference on Digital Object Identifier: 10.1109/
AVSS.2011.6027338, pp 285 —290, 2011

[9]Uzair, M.; Khan, W.; Ullah, H.; ur Rehman, F., “Background modeling using
corner features: An effective approach”, Multitopic Conference, 2009. INMIC 2009.
IEEE 13th International; Digital Object Identifier: 10.1109/INMIC.2009.5383113, pp
1-5,2009

[10] Tao Lei; Yangyu Fan; Liandong Li, “The Algorithm of Moving Human Body
Detection Based on Region Background Modeling”, Computer Network and
Multimedia Technology, 2009. CNMT 2009. International Symposium on; Digital
Object Identifier: 10.1109/CNMT.2009.5374792, ppl — 4, 2009

[11]Chih-Yang Lin; Chao-Chin Chang; Wei-Wen Chang; Meng-Hui Chen; Li-
Wei Kang, “Real-Time Robust Background Modeling Based on Joint Color and
Texture Descriptions”, Genetic and Evolutionary Computing (ICGEC), 2010 Fourth
International Conference on Digital Object Identifier: 10.1109/ICGEC.2010.159, pp
622 - 625, 2010

[12] Azab, M.M.; Shedeed, H.A.; Hussein, A.S., “A new technique for background
modeling and subtraction for motion detection in real-time videos”, Image

143



CONTECH13

Processing (ICIP), 2010 17th IEEE International Conference on Digital Object
Identifier: 10.1109/ICIP.2010.5653748, pp 3453 - 3456, 2010

[13] Dongfa Gao; Zhuolin lJiang; Ming Ye, “A New Approach of Dynamic
Background Modeling for Surveillance Information”, Computer Science and
Software Engineering, 2008 International Conference on Volume: 1 Digital Object
Identifier: 10.1109/CSSE.2008.601, pp850 — 855, 2008

[14]Mendizabal, A.; Salgado, L., “A region based approach to background
modeling in a wavelet multi-resolution framework”, Acoustics, Speech and Signal
Processing (ICASSP), 2011 IEEE International Conference on Digital Object Identifier:
10.1109/1CASSP.2011.5946557, pp929 — 932, 2011

[15]Weigiang Wang; Jie Yang; Wen Gao, “Modeling Background and Segmenting
Moving Objects from Compressed Video”, Circuits and Systems for Video
Technology, IEEE Transactions on Volume: 18, Issue: 5 Digital Object Identifier:
10.1109/TCSVT.2008.918800, pp670 - 681, 2008

[16]Xingzhi Luo; Bhandarkar, S.M.; Wei Hua; Haisong Gu, “Nonparametric
Background Modeling Using the CONDENSATION Algorithm”, Video and Signal
Based Surveillance, 2006. AVSS ‘06. IEEE International Conference on Digital Object
Identifier: 10.1109/AVSS.2006.81, pp 3, 2006

[17]Vemulapalli, R.; Aravind, R., “Spatio-temporal nonparametric background
modeling and subtraction”, Computer Vision Workshops (ICCV Workshops),
2009 IEEE 12th International Conference on Digital Object Identifier: 10.1109/
ICCVW.2009.5457574, pp 1145 - 1152, 2009

[18]Huan Wang; Ming-Wu Ren; Jing-Yu Yang, “Background Modeling Method
Based on Sequential Kernel Density Approximation”, Pattern Recognition, 2008.
CCPR ‘08. Chinese Conference on Digital Object Identifier: 10.1109/CCPR.2008.44,
pp 1-6, 2008

[19]Jie Ma; Shutao Li, “Moving Target Detection Based on Background Modeling
by Multi-level Median Filter”, Intelligent Control and Automation, 2006. WCICA
2006. The Sixth World Congress on Volume: 2 Digital Object Identifier: 10.1109/
WCICA.2006.1713948, pp 9974 — 9978, 2006

[20]Shaogiu Xu, “Dynamic Background Modeling for Foreground Segmentation”,
Computer and Information Science, 2009. ICIS 2009. Eighth IEEE/ACIS International
Conference on Digital Object Identifier: 10.1109/ICIS.2009.102, pp 599 - 604, 2009

[21]Liyuan Li; Weimin Huang; Irene Yu-Hua Gu; Qi Tian, “Statistical modeling
of complex backgrounds for foreground object detection”, Image Processing,
IEEE Transactions on Volume: 13 , Issue: 11 Digital Object Identifier: 10.1109/
TIP.2004.836169, pp 1459 — 1472, 2004

[22]Jin Yu; Xuan Zhou; Feng Qian, “Object kinematic model: A novel approach of
adaptive background mixture models for video segmentation,” Intelligent Control
and Automation (WCICA), 2010 8th World Congress, Digital Object Identifier:
10.1109/WCICA.2010.5554402, pp.6225-6228, 2010

[23]Lijing Zhang; Yingli Liang, “Motion Human Detection Based on Background
Subtraction,” Education Technology and Computer Science (ETCS), 2010 Second
International Workshop, vol.1 Digital Object Identifier: 10.1109/ETCS.2010.440,
pp.284-287, 2010

[24]Hedayati, M.; Zaki, W.M.D.W.; Hussain, A., “Real-time background
subtraction for video surveillance: From research to reality,” Signal Processing and

144



CONTECH13

Its Applications (CSPA), 2010 6th International Colloquium, Digital Object Identifier:
10.1109/CSPA.2010.5545277, pp.1-6, 2010

[25]Xuejiao Li; Xiaojun Jing, “FPGA based mixture Gaussian background modeling
and motion detection”, Natural Computation (ICNC), 2011 Seventh International
Conference on Volume: 4 Digital Object Identifier: 10.1109/ICNC.2011.6022578, pp
2078 -2081, 2011

[26] Fan-Chieh Cheng; Shih-Chia Huang; Shang-Jang Ruan, “lllumination-
Sensitive Background Modeling Approach for Accurate Moving Object Detection”,
Broadcasting, IEEE Transactions on Volume: 57, Issue: 4 Digital Object Identifier:
10.1109/TBC.2011.2160106, pp794 — 801, 2011

[27]Caseiro, R.; Henriques, J.F.; Batista, J., “Foreground Segmentation via
Background Modeling on Riemannian Manifolds”, Pattern Recognition (ICPR), 2010
20th International Conference on Digital Object Identifier: 10.1109/ICPR.2010.871,
pp 3570 - 3574, 2010

[28]Charoenpong, T.; Supasuteekul, A.; Nuthong, C., “Adaptive background
modeling from an image sequence by using K-Means clustering”, Electrical
Engineering/Electronics Computer Telecommunications and Information
Technology (ECTI-CON), 2010 International Conference, pp 880 — 883, 2010

[29]El Baf, F.; Bouwmans, T.; Vachon, B., “Fuzzy statistical modeling of dynamic
backgrounds for moving object detection in infrared videos”, IEEE Computer Society
Conference on Computer Vision and Pattern Recognition Workshops, 2009. CVPR
Workshops 2009, Digital Object Identifier: 10.1109/CVPRW.2009.5204109, pp 60 -
65, 2009

[30]Doulamis, A.; Kalisperakis, I.; Stentoumis, C.; Matsatsinis, N., “Self Adaptive
background modeling for identifying persons’ falls”, 5th International Workshop
on Semantic Media Adaptation and Personalization (SMAP) 2010, Digital Object
Identifier: 10.1109/SMAP.2010.5706861, pp 57 - 63, 2010

[31)Jiangming Kan; Keyi Li; Jun Tang; Xiaofeng Du, “Background modeling
method based on improved multi-Gaussian distribution”, International Conference
on Computer Application and System Modeling (ICCASM) 2010, Volume: 2, Digital
Object Identifier: 10.1109/ICCASM.2010.5619314, pp 214-218, 2010

[32]Peng Suo; Yanjiang Wang, “An improved adaptive background modeling
algorithm based on Gaussian Mixture Model”, 9th International Conference on Signal
Processing (ICSP) 2008, Digital Object Identifier: 10.1109/ICOSP.2008.4697402, pp
1436 - 1439, 2008

[33]Haq, Anwaar-ul; Gondal, I.; Murshed, M., “Automated multi-sensor color
video fusion for nighttime video surveillance”, IEEE Symposium on Computers and
Communications (ISCC) 2010, Digital Object Identifier: 10.1109/I1SCC.2010.5546791,
pp.529-534, 2010

[34]A.Djouadi, O.Snorrason et F.Garber, The quality of training-sample estimates
of Bhattacharyya coefficient, IEEE transactions on Pattern Analysis and Machine
Intelligence, vol. 12, n°1, pp 92-97,1990

[35)Jianhua Lin, Member, IEEE, “Divergence Measures Based on the Shannon
Entropy”, IEEE transactions on information theory. vol. 37, no. i, 1991

[36]Charoenpong, T.; Supasuteekul, A.; Nuthong, C., “Adaptive background
modeling from an image sequence by using K-Means clustering”, International
Conference on Electrical Engineering/Electronics Computer Telecommunications

145



CONTECH13

and Information Technology (ECTI-CON) 2010, pp.880-883, 2010

[37]Huazhong Xu; Pei Lv; Lei Meng, “A people counting system based on head-
shoulder detection and tracking in surveillance video”, International Conference
on Computer Design and Applications (ICCDA)2010, vol.1, Digital Object Identifier:
10.1109/ICCDA.2010.5540833, pp.V1-394-V1-398, 2010

146



CONTECH13

AN IMPROVED ADAPTIVE THRESHOLDING SCHEME FOR
FAULT DETECTION: APPLICATION TO A CEMENT ROTARY
KILN SYSTEM

Boualem Ikhlef®, Abdelmalek Kouadri?, Abderrazek Bensmail® and Mimoun Zelmat®
®Applied Control Laboratory, University of Boumerdes, Av. de |  indépendance, 35000
Boumerdes, Algeria. Email:bim_ikhlef@yahoo.fr

@Institute of Electrical and Electronics Engineering,University of Boumerdes, Av. de
| indépendance, 35000 Boumerdés, Algeria.

E-mails:ab_kouadri@hotmail.com

@Ain EI Kebira Cement Plant, SCAEK, BP 01, 19400 Ain EI Kebira, Algeria.

E-mail: aek _bensmail @yahoo.fr

Abstract

Projection methods have been extensively employed for monitoring operation
in several industrial processes. Their capabilities, to measure variability in a given
process, make them more attractive to the users. Instead, the important numbers
of measured signals, these techniques make process’s monitoring operation more
ergonomic, and easy to exploit the information given by measured signals. In this
paper, we develop an adaptive thresholding approach in order to detect, analyze and
diagnose faults in a cement rotary kiln system. The developed threshold is obtained
using statistical tools based on two-dimensional plot for large-sized multivariate
measured data. These two statistical dimensions represent the instantaneous mean
and variance of the measured signals in the cement plant. The obtained threshold’
performances are compared with the fixed threshold technique through the rate
of false alarms. In addition, two natural faults are used to show that the developed
threshold can accurately detect their occurrence. The accuracy, robustness
and effectiveness of the adaptive threshold depend primarily to the computed
confidence intervals, after testing the distribution law of the mean and variance
data using Shapiro-Wilk method. The obtained confidence intervals are sufficient to
constitute a powerful and interesting tool to overcome the difficulties of parametric
uncertainties quantification and devices measurement inaccuracies which increase
false alarms. It is also important to note the high sensitivity of proposed fault
detection scheme in detecting faults with relatively low amplitudes.

Keywords — Fault detection, adaptive threshold, large sized multivariate data,

mean, variance, statistical test, confidence interval, significance level, cement
rotary kiln.
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Abstract

In the crash-test, keeping the space around the occupants remains the subject
of research for the automobile manufacturers. The analysis of the crash-test with
explicit finite element programs such as LS-DYNA helps us to reduce the actual
testing on prototypes in the automotive industry. The frontal crash is extremely
fast, it is about 120ms, the physical knowledge of the frame leader sheets are very
difficult to obtain and control during this time. We are interested to study and
optimize the nonlinear dynamic behavior of a frame leader model examining the
influence of local changes on the geometry of the frame rail and the configuration
of assembly. The model of the frame chosen, it consists mainly of two beams
connected with ties. We have used “solid works” for the design of the model
parts. Three configurations represent the model’s geometry of the frame studied.
.The dynamics resulting In the 3 configurations, shows that the vulnerable areas
caused the initiation of lateral deflection, this does not allow the absorption of
shock causing a large deformation of the frame. The results lead us to conclude a
preliminary choice of a complete tubular structure for the frame parts, the proper
choice of the shape of the frontal part allows starts the buckling in a predetermined
direction, This is numerically stabilized in the model by using a small crease, putting
the part of the carrier more rigid than the frontal one.

Keywords: frontal crash / dynamic / non linear / finite element

Introduction

Precise deformation modeling is the key to reduced vehicle structures damage
[1,2]. The goal of crashworthiness was to avoid vehicle deformations as much as
possible. Over the years, the body structures evolved to include progressive crush
zones to absorb part of the crash kinetic energy by plastic deformations. The
front and rear part of the automobile frame are areas where the deformation is
controlled [3], there is a great necessity to be able to control the deformation of
the structure. This can be realized by a special distribution and orientation of the
structural stiffness. As part of this effort, computer models of automobile frame
with sheet metal forming processes have been developed and applied to determine
the crash response of rail equipment. Numerical simulation is carried out with LS-
DYNA3D in order to identify the forming effect on the crashworthiness.
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2. Geometry

As a first step, we will model the frame chosen, it consists mainly of rails
connected and ronforced.

the software Solid Works will be used as a tool for creating 3-D models part.
Three different configurations represent the model’s geometry of the frame studied.

2.1 Model Geometry

The frame rail is partitionned into two parts (figure 1). In the first test, the front
rail part is a tube, with length of 600 mm, this part being deformable under the
action of a frontal impact [1,2], its installed to join the U-shaped rail extention part
, this one being used to carry the vehicle body. The deformation in this part is much
less than the preceding one because of the rigid assembly [3,4].

o =

@ ®)

S

Figure 1. 1st geometry configuration
Front frame rail, (b) Rail extention

2.2 Model Geometry
In the second test (figure 2), the front frame rail geometry is formed in a

“U-shaped” configuration and assembled to the remainder of the tubular rail
extention.

@ - ®

,_——-—"-

Figure 2. 2nd geometry configuration
(a) Front frame rail, (b) Rail extention
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2.3 Model geometry
In the third test (figure 3), the frame rail is formed by the assembly of two parts
formed in a Ushaped Configuration.

@ w -

Figure 3. 3rd geometry configuration
(a) Front frame rail, (b) Rail extention

3. Material Model

Recent studies show that the hardening characteristics and the strain rate
sensitivity of the materials significantly affect the crush response [1,5]. Therefore,
the modeling of the stress—strain relationship of the material is a crucial issue in
the numerical simulations of an impact event, particularly for materials showing
large strain hardening. Type 24, one of the material models available in LS-DYNA, is
a piecewise linear isotropic elasto-plastic material model. In this model, strain rate
sensitivity is taken into account and the relation between the dynamic stress and
the strain rate of a particular metallic alloy is given by Cowper—Symonds relation

[6].
&\

o,=|1+|— 0,
c

Where: 00 is the initial elastic stress, € is the rate of deformation, C and P is the
Cowper-Symonds
parameters.

4. Finite Element Modeling

The code LS-DYNA version 970 was used in all finite element simulations.
Although the boundary conditions in an actual crashing event are very complicated,
depending on the constraints of the object to be hit, it is assumed that the crushing
object is rigid body fully fixed . This rigid body is modeled as an analytical rigid
surface. The geometry is meshed within ANSA. The parts of the

finite element model are modelled using four-node Belytschko-Tsay shell
elements; the result is a finite element model, where only the constraints and loads
have to be applied to be ready for the solution process.
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5. Crush Simulations and Results

To determine the effects of frame rail geometry on the crush response of the
component we chose the frontal impact test using the simulation software LS DYNA.
Generally, it takes 20—40 ms to deform front frame which depends on the space of
the engine room and the length of the front frame [2], the frame geometry made of
2 mm thick sheet metal. The frame model is crushed at an impact velocity of 15.5
mm/ms into a perpendicular rigid wall (figure 4) and the termination time is 40 ms.

[

S

Apdojaa yuny| 9

Figure 4. Position of the model and the barrier in case of frontal impact 56 km/h

The Numerical results are presented for the three impact test cases after 40 ms
in stress and deformation of the models geometries.

5.1 Model Results
5.1.1 Plastic Strain

Fringe Lovels
8030001 _
723001
Ga3te0n
ss27001 _
4824001
4020001
3216001
2412001 |
1.5080.01
8030002
00006400

Figure 6. plastic strain,in
final configuration (1st model), t=40ms
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Figure 7. Zoom in,plastic strain
concentration,(1st model) , t=40ms

Figure 6 illustrates the influence of the first modification on the frame, the
failure areas are in the second part of the frame (rail extention figure 7), and this

impact reveals that the lateral deflection
of the front frame rail with a tubular form does not allow the absorption of the

shock, therefore strong deformation of the vehicle body.

5.1.2 Von misses stress

Figure 8., von Mises stress (GPa), in final
configuration (1st model), t=40ms
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Figure 9. Zoom in ,von Mises stress,
concentration, 1st model, t=40ms

The detailed evaluation of the base frame failures reveals that only the 2nd
part( rail extension Figure 8), is subjected to the residual and high cyclical stresses
which cause premature failure, in the absence of primary reinforcement and the

lateral deflection of the front rail part (figure 9). The excessive rigidity of the front
rail part (tube form) transmits the deformations to the frame rail
extension.

5.2 Model Results
5.2.1 Plastic Strain

Figure 10 shows the influence of the second modification on the frame.

Fringe Levels
1.2140+00.

10930400,
9713001

8499001 _

7288601
6071801
4857e01
3642001 |
2428601

: ;.w]
0.0002+00

Figure 10. Plastic strain in,final
configuration ,(2nd model), t=40ms
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Frings Levels

ctive Plastic Strain
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Figure 11. Zoom in, plastic strain
concentration, (2nd model), t=40ms

It is noticeable from this configuration that the front frame rail (U form)
is deformed and deviated at the same time, Consequently, we can see that the
second part of the frame (rail extention) preserves its geometry compared to the
initial state (figure 11). As a result, during the crash event, the initial deformation
is localized and enabling the crush pattern to be designed directly into the front
frame rail.

5.2.2 von misses stress

Fringe Levels
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Figure 12. von Mises stress (GPa) in final
configuration (2nd model), t=40ms
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Fringe Levels
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Figure 13. Zoom in, von Mises
Stress concentration, (2nd model) t=40ms

Figure 12 shows that the proper choice of the shape of the frontal part allows
starts the buckling in a predetermined direction as a result, the stress concentration
which may occur in the front frame rail putting the rail extention more rigid (figure
13).

5.3 Model Results
5.3.1 Plastic Strain

Figure 13 illustrates the influence of the third geometrical modification on the
frame.

Fringe Levels

1.100e+00 _

9.903e.01
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Figure 13. plastic strain, in
final configuration ( 3rd model), t=40ms
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Fringe Levels
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Figure 14. Zoom in, plastic strain,
(3rd model),t=40ms

The failure areas are localized in the second part (rail extention figure 14),
as result, it caused the initiation of lateral deflection, this does not allow the
absorption of shock causing a large deformation of the rail extention, that requires
reinforcements in this part to avoid the rotation of the frontal part during the
impact.

5.3.2 von misses stress

Figure 15. von Mises stress (GPa) in final
configuration (3rd model), t=40ms

Figure 16. Zoom in, von Mises stress
concentration, (3rd model), t=40ms
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In this case, the stress concentration in the rail extention shows that the U shape
of this one leds to

create the failure areas (figure 15), consequently we lose all the length of the
frontal part during the impact because of the lateral deflection. This third geometry
presents a similar behavior with the first one (lateral deflection), even it is less
(figure 16), it always poses a safety problem.

6. Results Comparison

The results of the lateral deflection of the front frame rail during the impact
simulation are summarized in the lateral displacement(x-direction) of an element
located directly on the outside surface of the frontal part during the contact
between this part and the fixed obstacle (figure17), this one is shown in the figure
18.

PV NN NN NIS
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Figure 17. Element chosen and
position in the front frame rail
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Figure 18. The lateral displacement of an element located directly on the surface
of front frame rail
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In the 1st assembly The excessive rigidity of the frontal part (tube form) initiate
the lateral deflection The displacement response shows a total y-rotation of the
front frame rail and a maximum displacement is shown in this assembly (500
mm occurs at 40 milliseconds), after which the structure loses its frontal part,
and transmits the deformations towards the back of the frame (rail extention).
The 2nd assembly affirms that the shape of the front frame rail part allows starts
the buckling in a predetermined direction and all deformations are consumed in
this part, putting the part of the carrier more rigid during the shocks. In the 3rd
assembly the maximum deflection occurs at 40 ms of approximately 200 mm this
will be create the failure areas on the rail extension.

7. Conclusion

Designers typically engineer structures using elastic analysis to withstand
service loads without yielding or collapsing. Automotive structures, however,
must meet all previously mentioned service load requirement, plus it must deform
plastically in a short period of time (milliseconds) to absorb the crash energy in a
controllable manner. The results in the stress and plastic strain allowed us to affirm
that to absorb and channel the deformation during the frontal impact, it would be
more judicious not to adopt the U shape on the frontal part of the frame.

The evolution of the Von Misses stress in the 3 configuration after the impact
of 40 ms shows that the stress concentrates primarily on the level of the edges of
the tubes forming the rail, and not on the flat shapes.While following the same
reasoning, unlike the first and the third assembly, in the 2nd geometry the stress
concentration was established in the front frame rail, this one strongly made the
vehicle body more rigid. This led us to conclude that the final design was the
product of a long evolution guided primarily by testing,the most important factor
is the choice of geometry frame rail, such as a complete tubular structure form of
the frame rail.
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Abstract- The modern electric facilities are equipped by a great number of
different mechanisms and devices actioned by Asynchronous electric Motor (ASM),
the power of these motors is equal to the power of the generating devices, where
their most complicated working regime is the starting when their power is equal to
the power of the generating devices.

In this regime we can have an overcharge of the generating devices by the active
and reactive power.

For this reason, this article is dedicated to the study of the starting methods
of asynchronous motors that action the mechanisms and that are powered by
Asynchronous Generating Diesel (AGD) with a limited capacity of DRY value and a
given couple of resistance.

Keywords: Reliability, Autonomous asynchronous generator, starting of the
asynchronous motors, Tention converter.

Introduction :

There are several factors that considerably influence the characteristics of the
asynchronous motors starting process from a AGD, amongst these factor:

-The initial conditions of the process,

- The oscillation of frequency and amplitude of the AGD tension, - The non
linear character of the electric machines parameters used as an actioner motor for
the generator,

-The mechanisms resistant couple.

If we take into account these factors, the study of the transient regime in the
AGD-ASM system using analytical methods will be complex and will induce high
calculations uncertainties. In this article, we will study the analysis of the regimes
dynamics of the starting from AGD of mechanisms with asynchronous electric
actionner using a numerical method to achieve a given precision of the calculations.
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2-Mathematical model of the starting regime of mechanisms with
asynchronous actionner powered by AGD

A- General characteristic of the model

Studies performed previously have shown that for a complete analysis of the
common operating regime of AGD and ASM, it is necessary that the mathematical
model takes into account the review of the transient regimes for the direct starting
of the motor, the starting through an auxiliary resistance in the statoric circuit
as well as the starting through the Tension Converters with Thyristors (TCT). In
addition to considering the electromagnetic systems properties, the supplying of
the consumers by a three-phased tension under neutral line, the necessity in a large
interval of the regulation of the key elements starting angle value (because the
actioning mechanisms has the same power that the generator) In the mathematical
model, the functioning of the TCT of 3TT type that is composed of two thyristors
connected head to foot in every phase of the supplying line is described.

B- Mathematical model of the asynchronous motor with short-circuited rotor.
In order to study the operating regime of ASM with the auxiliary elements
connected to its statoric coil, we have to write the composed differential equations
in relation to the statoric current and to the rotoric hooking flux in a simple shape

[1].[2]. [3] in the (e, B, 0) coordinate system.
The ASM equations are the folowing:

i ) 1
Us = Roplag = DTagLy-Loag = TiWeaar — WtV 13
S

dr

digy

1

= [U,ﬁ‘ —Roglgs =L Ly Loy —TW g =Wy %3.11
' ' : LX

dr

Ay o
dr

=g Lydog —TiWar — WV gy

dyr
ai .
“dr =laclidar —TW ag = WtV o

where :

RS_M =Far+ Rn

I‘JE = I‘s}d + Lir
’ L
L;‘JLM' + LJ'J‘J
T, = Tens
Lonr + Loy

L,,Mand LsM :ASM’s rotoric and statoric flux scattering inductances.
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L, : Inductance of the auxiliary resistance.

LmM:MutuaI inductance of the ASM’s statoric and rotoric coils .
W,.p7:The pulsation of the ASM’s rotor rotation speed.

iy 1 ASM statoric current .

v, :Hooking flux of the ASM’s rotor

The calculation of the transient regime in the ASM is performed in a relative
units system, the nominal current amplitudes and the generator tension are
taken as basis value, the basis time is the same for the processes calculation. The
instantaneous values of the motor current in the generator relative units system are
transformed using of the transfer coefficients

I
_ ‘oM
KO'_.
loG

ipys and i,;: Basis values of the currents in the motor and the generator
relative units system.
The electromagnetic couple developed by ASM is determined by the formula

(2):

Cyvr =Varipy =V pudam
The equation of the movement of the mechanism axis that action the ASM is:

dw.,, 1 Coy
— == v =
dr JX Covu

Js, : Sum of the inertias couples of the ASM mobile mass and of the mechanism
translated to the motor rotor

C,,: Couple of the mechanism resistance (N.m).

Cs : Basis value of the ASM couple (N.m).

To take into account the influences of the rotor current and the saturation of
the machine iron on the variation of the rotation frequency at the starting time
we include in the mathematical model the relations linking the rotor scattering
inductance and the motor rotor active resistance with the motor sliding [4].

M = ("nr — I )gM

Ll;-\/[ = (Lnr - LJ;\/[ )gﬁ/[
Where:

I, Active resistance of the rotor.
L, :Rotor scattering inductance at the starting.

g - Motor sliding ( g,, =1)
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C - Mathematical model of the Tension Converter with Thyristors TCT For the
development of the TCT mathematical model we take into account the following
[3]:

The arm of each branch is composed of two thyristors connected head to foot
when the command signal arrives to the thyristor trigger and become in the closed
state regardless of the system tension where it is present at that given moment.

The thyristor remains closed so far the value of the current that crosses it is
higher than the upholding current.

In its closed state, the thyristor is replaced by an active resistance; the drop of
tension in this latter one corresponds to the drop of tension value in the thyristor
in the closed state.

In its open state, the thyristor is replaced by an active resistance in which the
current becomes equal to the inverse current of the chosen thyristor.

Taking into account these simplifications, the control of the thyristors state is
achieved by the analysis of every step of the command tension value calculation
and the value of the current that crosses it at that given moment. To achieve this
objective, the mathematical model takes into consideration the equations of the
ASM phase current derived from the first two equations of the system (1)

di . . 1
S [(Uu -Uy ) Rl =Ly Lydg =W, gy 1_

dr Ly
di, ‘\ \/3
—=[U,-Uy . [ TarLydy =T o =W, W g, oLy ’;— W W [I—
ar [w, ) aite =Ll — (e Ly War ~ W W) ’ o i War T Wi ¥ ]]Lsg
B (0, ~U )~ Roi, ~Lll Ly L~y v )?“"—3[/;‘ LY 1y sw \]1 !
I sl =14 2 el War =W ¥ s ol ek \E Wt rM‘Wm\I)J I,
Where:
u,=0,

-U 3
Uy=—7% +£U 8

2 2

-U 3

v -=Ya By

U,,U,and U, :tensions of phases of AG

Uy : Tension between the neutral points of the AG and ASM statoric coils.

The functioning algorithm of TCT in the lack of a neutral link line in the naval
network is limited by three possible conduction regimes that are:

- Three-phased conduction: closed arm for all phases.

- Two-phased conduction: closed arm for any phase.

- Neutral conduction: open state of the arms for the three phases.

For the TCT chosen types, taking into account the previous simplifications on
the asynchronous machines symmetry,
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U y value can be determined for any time moment. At the time of the functioning

of the symmetrical electric machines, U is different from zero only in the case of
the two-phased conduction. For the thyristors that are used in the model and at the
time of passing from TCT to any

conduction state that precedes the two-phased one, the initial values of the
currents in the phases of open thyristor are equal in value but opposed in phase, on

the other hand, U, because in the AGD-ASM system, the symmetrical regime still
exists at the following time moment. The same current will cross the two phases
with open thyristor.

In these conditions, the instantaneous value of U, can be calculated using the
system of equations (7) that leads to the following values:
The phase (a) closed:
Uy = (L-’b U, +1, Wan ]L
\ dr ) 2L,
The phase (b) closed:

50

1
K
/] / L.LJ_IM

Ldyy, 3 dvp

[}TN = [brb +L‘Tf _Ll (
| 2 dr 2 dr

The phase (c) closed:

{1 v, N3 dva N 1

\2 dr 2 ar 2L,

The opening of the thyristors command signal is formed using the command law
taken for the TCT.

3- Algorithm of calculation of the starting regime
The simulation by MATLAB software of the system ((1) - (5)), using the Runge-

Kutta method, has allowed us to get the following results of the ASM starting
powered by AGD.
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Fig. 1. Variations of the Is current in terms of the time for a direct ASM starting

powered by AGD
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Fig. 2. Variations of the electromagnetic couple according to the time for a direct
ASM starting powered by AGD
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Fig. 3. Variations of the angular speed Wr according to the time for a direct ASM
starting powered by AGD.
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We notice on the three previous figures that at the time of the direct ASM
starting powered by AGD, the existence of peaks of statoric currents and peaks of
couple that can be the origin of the machine destruction by overheating, especially
in the case of excessive repetitions
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Fig. 4. Variations of the angular speed Wr and the U tension according to the
time for an ASM starting with a TCT powered by AGD

We notice on this figure that for this type of starting the variation of tension that
powers the ASM is progressive.

. L | -
Fig. 5. Variations of the Is current in terms of time for an ASM starting with a TCT
powered by AGD
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Fig. 6 . Variations of the electromagnetic couple Cem in terms of time for an
ASM starting with a TCT powered by AGD

We notice on the two previous figures, the absence of any current or couple
abrupt peaks. The resulting drop of tension that and mechanical shocks due to the
brutal apparition of the couple. The starting time in this case can exceed the direct
starting time by several times.

4 - Command of the starting regime by a Tension Converter with Thyristors

For an ASM starting, the limitation of the current peaks can be obtained not
only by the reduction of the tension amplitude via the introduction of the auxiliary
resistances in its statoric circuit, but also using other regulation methods of this
tension value in the devices that allow the command of this starting regime,
by means of varying the commutation of the allowed or blocked state of the
semiconductor components (thyristor, power transistor, triac) [5]. [7]. [8].

The most efficient actionners of asynchronous mechanisms are the starting
devices constructed on the basis of Tension Converters with Thyristor (TCT)
commanded by a phase angle [8]. [9]. For an automatic command of the starting
regimes of the asynchronous actionners mechanisms, several solutions exist
currently. Amongst them we can mention the solution that uses gradators, where
the power circuit includes in every phase two thyristors assembled head to foot;
the variation of tension that powers the ASM is progressive and is obtained via
varying the conduction time by phase angle of these thyristors during every half
period (fig.7) [5]-[6].

e
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Fig. 7. Block diagram of the ASM starting through a gradator
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This type of starting limits the call of current, the ensuing drop of tension and
the mechanical shocks resulting from the brutal apparition of the couple. For the
ADG energizing systems linked to an excitation device (DRY) whose action rapidity
can be compared to the action rapidity of the command system by phase angle of
the TCT key elements and which can have a positive effect if we introduce in the TCT
automatic system a negative return loop between the starting angle of the thyristors’
triggers and the drop of tension between the AGD limits. The possibility to use a
system with TCT for the ASM starting command from an AGD is represented on the
figure (8). For the elements of commutation we use some photothyristors that can
be commanded by a luminous impulse. To assure a galvanic insulation between
the power circuit and the command circuit at the time of the of the installation
functioning, the primaries of the impulsion transformers T1-T3 are joined with the
AGD statoric coils, the secondary of these transformers are plugged with the Zener
diodes DZ7-DZ12 stabilizing the phases tensions. If a drop of tension appears the
phase changes and the length of the command luminous impulse that determines
the value of the starting angle of the photothyristor also changes. The choice of the
command tensions phase angle and the parameters of the photothyristors allow
the creation of a negative return loop by a drop of tension. We can have a large
regulation interval of the photothyristors starting angle by means of the formation
of the phase command signal that has a tension which exceed the anode-cathode
tension of these photothyristors in a varying interval between 30° and 120°. The
relation of the photothyristors starting angle with the tension phase amplitude is
determined by the equation (8)

T . [.”T ,IC
o :?‘F arcsin.—I L

z J
m

Where:

« : Pothothyristors starting angle
UsT : Stabilizer tension
kT : Transformers transformation coefficient

Um : Amplitude of the tension phase instantaneous value
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Fig. 8. Electric diagram of the ASM starting powered by AGD through a TCT
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Fig . 9. Functioning chronogram of the photothyristors

We take into consideration the variation character of the ASM power coefficient
at the time of its starting. The chosen regulation interval of the starting angle is
sufficient to command this starting because it ensures the conditions of TCT
functioning in the case of three or two conductor arms.

On the figure (10) we represented the oscillogramms of the regime in the case
of an ASM starting through a TCT [9] [10] [11]. The curves represent the effective
tension value, the frequency of the diesel generator actionner and the starting
duration of ASM for

different powers. The comparison between these features and the parameters
of the ASM'’s direct starting regimes (fig(1)-(2)) permits to point out that the use of
the TCT lead to the decrease the drop of tension in the load, the starting time in this
case can exceed the time of direct starting by several multiples.
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Fig . 10. Oscillogramme of the ASM starting powered by AGD through a TCT

5. Conclusion

We have developed a mathematical model of the common functioning regime
dynamics of the AGD and of the mechanisms with asynchronous actionneur. This
model takes into consideration the elements of the following system:

1- Diesel, asynchronous generating, asynchronous

motor with auxiliary resistances in the statoric circuit with a resistance couple
on the corresponding axis of the different mechanisms, tension regulator with
thyristors, the calculation parameters of the transient regimes are closer of the
experimental data with a precision around 13%.

2- The calculations of the parameters of the asynchronous machines starting
regimes of 4A, AM and AO series, for a capacity of DRY equal to 1.45 pu and for a
limitation of tension drop on the borders of AGD of 20% of Un, give a steady direct
starting of the asynchronous machines of a power of 20 to 25% of the nominal
power of AG, without limitation of the tension drop value and for the same value of
DRY capacity the AGD can assure a direct ASM starting with a power of 30 to 40%
of the nominal power of AG.

3- The analysis of the possibilities of the starting regime command of the
mechanisms with asynchronous actionner by a AGD with the use of a TCT with
negative return loop between the angle of the thyristors triggers opened state
and the drop of tension on the borders of AGD, shows that by this method we can
limit the drop of tension on the borders of the load and can increase the unit of
motors power started for a limited value of the DRY capacity. We noticed that the
couple developed by ASM in the time of starting through a TCT has a smaller value
compared to the starting through auxiliary resistances for the same value of tension
drop that appeared on the AGD borders.
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