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Abstract

Due to the huge advancement in technology and especially in the world of wireless
communications, vehicles tracking systems are more and more used these days for deferent
purposes, but mainly related to tracking vehicles. The objective of this work is to design a general
data model for AVL software and to define the GIS data model to be used in AVL system. Many
works are already done in the AVL software design, but its still needs to be validated for the
national level. AVL is an integration of modern technologies such as Global positioning system
(GPS), Geographic Information System (GIS) and wireless communications. The system is based
on receiving the signals from satellites by GPS receiver, which is connected to a Global System
for Mobile communication (GSM) modem, and both are fixed on the tracked vehicle. The function
of the designed hardware is: first to acquire the position data from the satellite (GPS) and then, to
send it by a Short Massage Service (SMS) or General Packet Radio Services (GPRS), to the
computer monitor at the control center. GPRS or SMS carries certain information about the
geographic position of a certain vehicle to the control center efficiently and according to the
needed timings, which could be varied upon request. After the reception of the data, the vehicle
position will be displayed at the control center computer using AVL software. In this work, we are
interested to point out the importance of the three parts of AVL software and determine the
minimum database part to satisfy the local needs in fleet management in Jordan. The paper also
shows the importance of building AVL system under GIS environment. There are some locally
designed tracking system; provide an efficient tool of control over any fleet of moving vehicles
and the capabilities of the well-known international tracking systems at a low price. It offers as
well, an easy access to change in functions of the system, and a great possibility of customization
to fulfill the local needs. The validation of local softwares to satisfy the proposed model is very
important issue.

Keywords: Automatic Vehicle Location (AVL), Geographic Information System (GIS), Global
Positioning System (GPS), Global System for Mobile Communication (GSM).

Introduction:

Tracking system is a cooperation of three important modern technologies the GIS,
GPS and wireless communications [1]. The first, (GIS) provides the map part of the
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display and the second; (GPS) calculate the position of the moving target on the map,
third wireless communication is a media for data transmission between the control base
station and vehicle [2]. The cooperation of the three technologies could be seen in
Figure-1.

L. GIS (Geographic
Information System)

Cr) < :
oA B - . aan

Communication

NProbe GV-100

Figure 1 - Schematic diagram of Vehicle tracking system [3]

The main objective of this work is to establish the main relations of different
database used in AVL system (the GIS database and the entity database). These relations
are very important to design good AVL software to be able to generate the main reports
for fleet managements. Also the importance of media is very important considering the
cost differences between GSM and GPRS technologies.

We need to use GIS database for the display of the surrounding environment and
streets of the geographic site for the application purposes and for the validation and the
verification of the tracking software. Then, GIS database implementation for the Roads
Network in Jordan was the first and necessary output of AVL system. An application of
the software was tracking vehicles at different types of environments, National scale to
local scale such as going from main street in Jordan through large cities and get into
university Campos.

The Global Positioning System (GPS) is actually a constellation of 24 Earth
orbiting satellites (Figure 2). The U.S. military developed and implemented this satellite
network as a military navigation system, but opened it up to the private sector [4]. Each
of these solar powered satellites circles the globe making two complete rotations every
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day. The orbits are arranged so that at any time, anywhere on Earth, there are at least
four satellites "visible" in the sky.

GPS CONSTELLATION
. i

21 SATELLITES WITH 3 OPERATIONAL SPARES
6 ORBITAL PLANES, 55 DEGREE INCLINATIONS
20,200 KILOMETER, 12 HOUR ORBITS

P HDana 8/1704

Figure 2 - GPS Solar powered Satellites Circles the globe

Vehicle tracking and navigational systems made tracking system technology and
GPS applications a necessity for increasing number of users. Today's, GPS fitted cars;
ambulances, fleets and police vehicles are common sights for such applications.
Automatic Vehicle Locating System (AVLS), Vehicle Tracking and Information System
(VTIS), Mobile Asset Management System (MAMS), these systems offer an effective
tool for improving the operational efficiency and utilization of vehicles [5].

Many research projects show the importance of AVL system in intelligent
transportation world wide and show the advantages and benefits of such system,
particularly for better customer services [5].

GPS is used in vehicles for both tracking as well as user navigation. Tracking
systems enable a base station to keep track of the vehicles without the intervention of the
driver while navigation system helps the driver to reach the destination. Tracking
systems are development of GPS based navigation; computer and communication.
Vehicle tracking systems can provide position and navigation information quickly and
accurately at relatively low cost. Tracking systems are two types depending upon the
application [6].

In the above contest, we will determine the basic AVL model and the GIS data
needed to build the AVL software without going into the complication of GIS analysis
and programming. The minimum requirements of the GIS database will help the local
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and small companies to start to use such system in the limited fleet management, such as
student transportation.

AVL Components
The designed Tracking System hardware consists of the following [7]:

a. A GPS Unit: the position of a vehicle is captured through GPS unit; this unit is
installed in the tracked vehicle and connected with transfer unit (GSM modem).

b. Data storage unit: It is required to store the captured data by the GPS unit.

c. Data transfer unit: Captured or Stored data has to be communicated to a central
control station for analysis. Network technology used for communication depends
upon the mode of tracking the vehicle. The data can either be transmitted
instantaneously after capturing as in active mode, or may later be downloaded as in
passive mode.

d. Data analysis technologies: Data stored at the control center can be analyzed
through a software application. A GIS mapping component is developed with
features for tracking the application

The tracking kit in each vehicle consists of a GSM modem and a GPS receiver and
controller and antenna. It requires a SIM card like any mobile phone to work on the
GSM cellular telephone network. It uses only data and short messages over the network
[8]. The tracking operation requires a control center to communicate with the tracking
kits. Computer server, wireless modem requires a regular SIM card, communication
software to control the communication between the center modem and the car kits.

The system operation in the control center can communicate with each vehicle by
sending and receiving short messages (SMS) of GSM network through the wireless
modem attached to his mode of operation.

The GPS unit inside the car kit takes care of updating the location data by
periodically calculate the data received from the satellite every one second. Therefore,
the car kit can be configured to send its location every certain period of time to the
control center. This period can vary form one minute to one hour or more.

Software and GIS data Models

The AVL system will help public and private entities to organize and control their
fleet (buses, trucks and cars). The control center will know the velocity and the position
of each vehicle any time any where. In the universities this will optimize the
transportation services for the student's from- to-University.

In this work we will give the main component of AVL software and the GIS data
model to be used in such software. There are many software packages that already exist
in Jordan and these softwares should contain and follow these models to satisfy the local
needs.
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GIS data Model

The main part of this model is the definition of minimum needs of GIS database to
build a cost/benefits GIS model to be used in the AVL software. An example the main
local needs of any private university is to determine the best route between university
campus and the residential zones of students with all database related to a certain bus
and its route. The base relations should be determined clearly between the different
databases used in the AVL system as shown in (Figure 3).

Street Name <$1> Land marks

GIS database

Entity database Car database

Reports

Figure 3 - The main relations between AVL database System

There are some steps that should be followed to create GIS data model for AVL
services. The following flowchart describe the main blocks to build a GIS for tracking
system (Figure 4). The flow chart also shows the procedure of building GIS from
National scale to feature details such as main roads in Jordan (Figure 5), to small or sub
ways at university compus. Generally, satellite images are used to update the different
GIS layers (Figure 6), such as main highways and sub ways.
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: Scan maps Remove noise
Collect data ;
(Jordan maps) and edit the
images

- T

Dc tl;)e Digitizing Do the Data
rocess <—— R

e registration

and projection

(Lime)

Tordan Governorates Layer
(Polygon)

::> Enter
Attributes

Sub-District Layer
(polyzon)

Umiversity street line

University Buildings

( Polyzon )

Figure 4 — Flowchart of GIS data model for AVL software
The work procedure of designing the GIS model starts by:
1) The Scanning of maps process then,
2) The Registration process followed by,
3) The Digitizing processes and,
4) Finally the Editing process (Figure 4) of the resulted layer maps.

Any GIS project consists of layers viewing the geometry of feature which related
with tables contain the attribute about the entire feature [9].
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Figure 6 — AL- Zaytoonah University 2.5 SPOT Image (raster data)
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Software data Model
The AVL software should be composed from three parts:

1. Communication part: it deals with the transmission of data from/to vehicle, via
modem installed at the base-station. The data could be sent via SMS to a wireless
modem installed at base station or via GPRS at fixed IP address.

2. Data base part: Access, Oracle and SQL-server could be used in the software to
organize and manage the database. The design of data base is very important to
facilitate the generation of different type of reports. Figure 7 shows the most
important relations between the various tables needed to design the AVL database,
which gives powerful of the system to generate the various reports needed to
analyze and manage the fleets.

3. Map part: this part should be based on the GIS objects or controller software, which
gives large advantage in the programming of map based software and deals with
raster and vector maps.

The processing engine of the software should be able to connect the communication
part, database part and the GIS data together. And also generate the different reports

types. Finally, the processing engine of the software should be responsible of the
security of different data.

SIMCard * Cohntiane | DataType [Length]Alow huds [ | ToBeSent
CowmnlNane | CataType |Length | Alowhis <] [ Crivechiame vercher 150 L Colblams | DataType
[ TMCerdhunber vercher 15 - verchar 4 N EIE) varchar
FLKCode Fneric 9 | |Telephonebumber  varchar 50 s || sts_pae datetime
Metes varchar 0 v |_|address varchar 5 v | conrent varchar
Sate b 1 K LW"* :f’“ i . | :;r varchar
nt
s e ¥ p| | |compami varchar El s | Conpanyin d
FK_issigned_Drivers {Drivinglicensa) Users
CommName | Da
Userhame varch.
| |Password varch
Devices * | |sts chr
| Cobnlane | DaaType [iength]alomtds | FX_SIMCard_Assigned (SIMCarchbmber) | wekctaen varch,
| HED wvarchar 50 * | |Previage varch
[ [we varchar 0 || ot | Dusipe bl o] || Noker puner
|| evicetiunier R E] Fchumber et & || ndcuser ®
Hotes varchar 50 v | Flaethumber it 4 || AddSin bt
Jsate b ! Fi_sssgned_Devices (IED) G|sMCadmber  varchar 5 || dccar b
| |CompanyiD varchar 50 = : MET varchar w0 | M\:Dm.er ::
| [oriingliense bigit 8 4 W“‘m’m‘ﬂ o
CompanylD yarchar 2 v & E
B : of
Commllne | Daalype [leogh[Mlonmbs[a]| -G Phidtinbe) <L
§ [Platethumber varchar 50
] Type varchar 50 v J
| coler varthar 50 v Fi_Assigned_Flest (Fleetihumber)
| odel varchar 50 v
[ hete varchar 25 v
[ Jstate bt 1 v S
|| CompanylD varchar S0 v u Coamiiae | DataType [Lengh[Mon e &
| [Fleethiame warchar 50 J
| Flezthumber int 4 |
[ [notes varcher 0 v
| |companyin char 10
: | Companyhiame: warchar 50
L] |

Figure 7 - SQL-Server database relationship for AVL software
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The cost of existing softwares in Jordan are varies from one thousand dollar to
several thousands of dollars. This depends substantially on the technology used to
develop such softwares. The web version is generally has higher price than desktop
version. The characteristics of a good AVL software and the advantages of one
compared to another are:

1- Loading the vector and raster data.
2-  Processing the satellite images such as Quick bird and Ikonos.

3- Different geofencing type: fence on the street, fence by street selection, fence by
street name, fence by polygons, fence on the district and geofence on point.

4-  Give the nearest land mark to the driver.
5-  Sent SMS to the driver mobile.

6- Complete report types such as Stop start report, geofence violation report, daily
report and analysis of data.

7-  GPRS and SMS capabilities.
8- Independent of the hardware.
9-  English Arabic interface.

The desk top software gives large advantages for small companies to control their
fleet with low costs at high security. Naturally, we have to consider the running cost of
wireless services. During the test of one AVL software we have notice a considerable
variations of cost for data transmission (SMS and GPRS), between different mobile
service provider in Jordan. As example the cost of 1kb is 0.01JD, where you can send
more than 10 position location via GPRS, but the cost of the same data is 0.3JD via
SMS.

Results and Conclusions

The AVL system creates many opportunities for Fleet Management Systems and it
has large impact on transportation services and security. Local AVL systems will help
different entities to start to use AVL and to get the benefits of the system at reduced cost.
Development of the AVL software is an easy process under GIS softwares. Because the
grate advantages of the determination of the main parts of the software reported in this
work, but the main difficulties is to find the low cost of the car kit unit and to have a
good services mobile provider at low cost.

SQL database design is already implemented and programmed and is ready to be
connected with any software. Also the communication part is built independently of the
hardware to be used with any tracking carkit unit.

The simple GIS data model proposed is related to the streets, their attributes and the
important land marks, but for database design its very important step to be able to mange
the huge data and for generation of different reports.

The main feature of the AVL system are :
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1)  The car kit or hardware: installed in the tracked Vehicle. It contains a GPS receiver,
GSM/GPRS module and Microcontroller based hardware to control the moving
vehicle location and sending the position.

2) A base station with a GIS software which contains Digital Maps (Raster or Vector),
of the area. It should communicate with the vehicle through SMS/GPRS and have a
database that should handle all the tracked Vehicles at the same time.
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Abstract

Selective harmonic elimination technique to synthesize single-phase and three-
phase Pulse Width Modulation (PWM) waveform using six-step symmetry is presented
in this paper. The six-step PWM technique inherently generates no triplen, no even
harmonic and eliminates non-triplen odd harmonic to the desired order. This means that
the dc bus voltage is utilized to the maximum. It also provides a balanced three-phase
system at any instant.

Keywords: Harmonics, Pulse Width Modulation (PWM), Voltage Source Inverter
(VSI), Selective Harmonics FElimination, Six-Step Symmetry, Newton-Raphson
numerical analysis technique.

1. Introduction

The performance of voltage source inverters and the quality of their outputs are
seizing a wide area of most progressive research field in the last two decades. A large
number of techniques for reducing the total harmonic distortion (THD), harmonics
elimination, and reducing the switching loss have been reported [1-7]. Elimination of
harmonics, particularly the lower-order ones results in a high-quality output. This in
turns leads to a reduction in the current ripples, torque pulsation, and improving the over
all system performance [8-12]. Therefore harmonics elimination is the key issue in
optimizing the system performance. Two techniques have been used for harmonics
elimination. One is based on the symmetry of the quarter of the sine wave that spans
from 0°to 90°[2]. The other is based on the folding symmetry of the sine wave that spans
from 0° to 60°. The second is called six-step PWM modulation technique [3]. In both
techniques, a programmed PWM schemes are used, where the switching angles are pre-
calculated, based on approximate model of the switching angles trajectories, and stored
in a look-up table in read-only memory (ROM) [4]. The interpolation between the values

© 2008 by Yarmouk University, Irbid, Jordan.
* Power Engineering Department, Hajjawi Faculty of Engineering Technology, Yarmouk University, Irbid,
Jordan.
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in the look-up tables, to provide quasi-continuous voltage control, is associated with
complexity [5]. To avoid memory-based implementation to the PWM firing angles,

several studies have been reported [6][13]. One of the techniques is called area
equalization of the PWM. It determines the pulse-width in each sample interval by
making the area of the inverter output equal to the area of the sinusoidal reference
voltage. This technique has been compared with the programmed PWM technique
reported in [2]. The comparison shows a superiority of the programmed PWM
technique; because it can produce high-quality waveforms and high voltage gain at a
reduced switching frequency. The advance of computer technology and the fast power
electronic devices makes the programmed PWM technique more attractive to be used
on-line in real time to provide a good dynamic response at comparatively low cost.

The purpose of this paper is to investigate and characterize a PWM technique, for
single-phase and three-phase inverters. It is based on six-step PWM technique to
eliminate selected harmonics. The six-step PWM technique inherently generates no
triplen, no even harmonic and eliminates selected odd harmonics to the desired order. In
this technique the dc bus voltage is utilized to the maximum. It provides an output
voltage peak up to 1.0pu, with the absence of the triplen harmonics a balanced three-
phase system at any instant is guaranteed. This technique is particularly important in
single-phase voltage synthesis since the triplen harmonics are inherently absent
otherwise they would have to be eliminated individually. Newton-Raphson method is
used to solve the non-linear simultaneous transcendental equations (10). In addition an
investigation of the range of the harmonics elimination and the switching angle
trajectories are established.

2. The principles of six-step symmetry

Figure (1) shows three 120° phase-shifted cosine functions F; (0), F, (6) and F; (0) from
—60° to 360°. Since the cosine function is an even function, the waveforms are divided
into 60° intervals. The segment of F; (0) from 0 to 60° is represented by function f (0),
the segment from -60° to 0 represented by f(-6),

Where;

f0)=f(-0) —60°<0<60° (1)

14
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15 T T T T T
f(-9) flo) | f-6+120)| f(6-120) |f(-0+240) | f(6-240) | f(-6)
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f(-0+60) ' -f-0-60) ' -f(-p+180)-f(-6-180) | f{-6+300)! {-6-300)
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-60 0 60 120 180 240 300 360

Figure (1) Waveforms of three-phase 120° phase shifted cosine and the relationship
between various segments of cosine function

Figure (1) shows how other segments are represented by phase shifting of f(0), and f(-
0). For example, the segment F, (0) from 60° to 120° is the negative of that of f(©)
between 0°and 60° shifted by 60°. Similarly, the segment of F5 (0) from 60° to 120° is
that of f(0) between —60° and 0° shifted by 120°.

Evaluating the function description of a zero-crossing segment such as F; (0) from
60° to 120°, or F, (0) from 0° to 60° can be done by using the property of the three phase
system where;

Fy (0)+F; (0)+F; () =0 2

For example, the function description of a zero crossing segment F; (8) from 60° to 120°
can be computed from those of the other two segments F, (6) and F; (0) from 60° to
120° that is -f (-6+120)+ f (6-60). Using the above technique the entire function F(0)
can be described as
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1(0) 0° <0<60°
— f(=0+120°)+ f(O-60°)  60<O<120
F ()|~ /CO+180 120<0<180 )
— £(0-180) 180<6<240
— f(6-240)+ f(-0+300)  240<0 <300
£(=0) 300< 0 <360

Examining equation (3) shows that one-sixth interval of the waveform is used to
describe the entire waveform. Therefore, the function F, (), as defined by equation (3),
possesses a six-step symmetry. Placing notches in f'(0) at predetermined angles @'s is
employed in this work to eliminate the desired number of harmonics with fundamental
amplitude control.

3- Six-step spectrum analysis

Figure (2) shows a single-phase inverter configuration, the output voltage V, is to be
synthesized using the Fourier expansion. The analysis gives the amplitude of the
fundamental frequency.

Figure (2) Single phase full-bridge inverter

The function F; (0) as defined by equation (3) contains the six-step symmetry. The
angles are usually defined for one basic waveform segment from which the PWM
waveform is constructed based on symmetry. In this technique the notches are placed on
one of the symmetrical folding segment of the waveform, i.e. 0° to 60° period, where,
The angles are constrained such that,
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0<a <a,<a;<---- <a, <60° “)

Figure (3) defines the required variable angles ¢'s , when the total number of angles M
in the 60° segment is even or odd values. The value of M leads to different equation for
Fourier coefficients

1)

(b)
Figure (3) Sketch of the switching angles &' for (a) M is even (b) M is odd

Assuming the number of lower-order harmonics that can be eliminated is N. The
required angles &'s equals M= 1+N. Thus, M equations are required to find the M
variables. The coefficients of the Fourier expansion for F; (0), in equation (3), are even

functions, and contain only cosine terms. Therefore, F| (0) can be written in the Fourier
expansion form as,

F(0)=3 4, cos(n0) ©

n=1

The coefficient 4, is given by

17
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2
A = 1 [F.(0)cos(n6)do 6)
4 0

Using equations (1) and (3) and reducing all the integrals to the same limit (0 to
n/3) A, becomes as

8 7 V4
A == j F(ON - (=1)"(cos(nO) + cos(n + n 5))1619 )
T 0

From the above equation A, is equal to zero when n is even and # =3 M , where
M =1,3,5,7--- . Thus, the even and triplen harmonics are inherently eliminated by

this method. For n = (6q £ 1) where g =1,2,3,4,---. A, becomes as

7/3
A =8 cosn %) [ £(0)cos(no + n%)d&’ @®)
0

=—
T

Substituting for £ (0) reduces A, to a single equation as

4= %cos(n %){(—M sin(n %) _kZAj‘(_Dk sin(ne, + n%)}

M=N+l1
3M -1, M :even
3IM -2, M :odd

©)
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Therefore, equation (9) can be expressed as shown in equation (10) for M=9,
and 4, is defined as a modulation index, its value varies between 0</4 <1

JiC) =i cos%)[(—l)M sin%)—i(—l)k sing, +’6T)}A1 -0

fi(@) =2i COSQZ{(—DM sinQZ)—ﬁ:(—l)k sinQey, +22)} -0

(10)
f.(@) :Ajﬂ cosMZ){(—l)M sinM’g)—fZl(—l)k sin(c, +MZ)} -0

3. Newton-Raphson numerical analysis technique

Equation (10) is a set of nonlinear equations such that the switching angles
(A, 0y, Oy ,O,, ) cannot be computed directly. Newton-Raphson numerical

technique is used to obtain the solutions. The steps of using numerical technique for
solving the set of equations are as follows:

a)  Assign a set of initial values a’lo to 0!1?4

(11)
b) Calculate f(a”)=f"°

Where fO :[flo f20 f30'“f0]T

M

c¢) Using Taylor’s series and ignoring the Hessian matrix (second order derivatives)
and higher derivatives, the solution of equation (10) to determine the M variables

(a's) should be in the following form to fit the Newton-Raphson technique
(equation 12), where [J] is the Jacobian matrix
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an o o

oa, Oa, oa, | - -
0 0 0 Aal
o %,
a2 o 2| | Aa,
oa, Oa, oa,,
Aa,

lr-rl= 5 | (12

ﬁ % ...... ﬁ Aa
oa, Oa, oa,, .

In short form [Af]T= [J] [Aa]

d) The left hand side and the Jacobian in the right hand side of equation (12) can be

determined from the first previous guess of &’ =] 0(10 Otg 0(;) ------ 0{?4 !

e) Inverting the Jacobian the correction needed to converge can be calculated

[Aa, Aa, Aay-----Aa ]

f)  Repeat (a) to (e) until [Af ] converges to a very small value in equation (12)
equals or below 0.01

4. Simulation results

Newton-Raphson method requires a suitable initial guess to guarantee convergence.
For each case (M=9 or 8. etc.,) a good starting guess is selected at modulation index of
0.5 where initial switching trajectories are calculated assuming equal intervals. These
results are used as an initial guess for modulation indexes of 0.4 and 0.6 then solutions
proceed for higher and lower modulation indexes using as initial guess the results of the
previous ones. The angles trajectories in Figure (4 and 5) were obtained by solving
equations (10) using Matlab software for M= 9 and 8, respectively.

Figure (4a) shows the variations of trajectory angles versus the modulation index
(or the fundamental p.u. voltage magnitude). The selected eliminated harmonics are 5",

7% 11" 13", 17" 19", 23" and 25™. Figure (4b) shows the variations of the amplitudes
of the first three harmonics (29™, 31% and 35™) normalized to the fundamental peak.
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Figure (4b) The variation of the first three significant harmonics with the normalized
amplitude for M=9

Figure (5a) shows the variations of trajectory angles versus the modulation index
(or the fundamental p.u. voltage magnitude). The selected eliminated harmonics are 5
7% 11™,13™ 17™, 19™ and 23™ . Figure (5b) shows the variations of the amplitudes of
the first three harmonics (25™, 29" and 31%) normalized to the fundamental peak.
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Figure (5b) The variation of the first three significant harmonics with the
fundamental peak

5. Simulation results for six-step PWM

Referring to the configuration of single-phase inverter shown in Figure (2). The
process of harmonic elimination for a selective harmonics involves placing notches in
the PWM waveforms at calculated angles as explained in the procedure in section 3. To
eliminate N harmonics at any modulation index, (N+1) angle is required to define the
position of the notches. These angles are used to define one basic waveform pattern

segment, which is over a period of 60° as described before, then the entire waveform

signal is constructed based on symmetry. Figure (6a) shows the V,, voltage of a single—
phase inverter, for M=9. Where, 5", 7, 11™, 13th, 17th, 19", 23" and 25" harmonics are
eliminated. Figure (6b) shows the results of the spectrum analysis of the waveform
shown in figure (6a), which assures the expected elimination of the selected harmonics
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mentioned above. Table 1 lists the numerical values of the magnitude of Fourier series
coefficients as percentage of the fundamental amplitude.

Marralizad Amplitude
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Figure (6a) Waveform for the output voltage when the
selective harmonics are eliminated
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Figure (6b) Fourier spectrum for the output voltage,
when the selective harmonics are eliminated M = 9

Table 1 Harmonics and their magnitude as percentage of the fundamental for
modulation index equal 1 and the frequency =50Hz

% of % of % of % of

Order | Freq fund | Order | Freq fund | Order | Freq fund | Order | Freq fund
1 50 | 1.006 10 | 500 | 0.001 19 950 | 0.010 28 | 1400 0.002
2 100 ] 0.001 11 550 | 0.002 20 | 1000 | 0.002 29 | 1450 0.322
3 150 ] 0.000 12 | 600 | 0.002 21 ] 1050 | 0.001 30 | 1500 0.003
4 |1 200 | 0.001 13 | 650 | 0.011 22 ] 1100 | 0.001 31 ] 1550 0.250
5] 250 ] 0.002 14 | 700 | 0.000 23 ] 1150 | 0.009 32 ] 1600 0.002
6 | 300 | 0.001 15 ] 750 | 0.001 24 1 1200 | 0.001 33 ] 1650 0.000
7 ] 350 ] 0.009 16 | 800 ] 0.001 25 ] 1250 | 0.107 34 | 1700 0.001
8] 400 ] 0.001 17 | 850 | 0.006 26 | 1300 | 0.002 35 ] 1750 0.043
9| 450 ] 0.001 18 | 900 | 0.001 27 | 1350 | 0.002 36 | 1800 0.001
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The same procedure is applied to the three- phase inverter shown in Figure (7).
Simulation results using six-step PWM are obtained as shown in Figure (8), for Vp, Vi,
and V, and the selected harmonics are eliminated for M=9.

4 A S
WA S A A

L1

Figure (7) Three-phase full-bridge inverter
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Figure (8) Waveform for the output voltage of three-phase inverter when the
selective harmonic 5, 7th 11" 13" 17" 19" 23" 29" 31* are eliminated
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6. Conclusions

Newton-Raphson technique is developed to determine the firing angles of inverter
output voltage using six-step PWM. Spectral analysis shows elimination of triplen, even
and odd harmonics up to the desired degree. Angles vary almost linearly which means
smooth voltage control. Results in this paper at S0Hz match with results described in [3]
at 60 Hz. Therefore, this technique can be applied to both systems. Newten—Raphson
method described in this paper shows powerful and fast calculating technique.
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Abstract

In this paper, a new technique for creating a 3D map for objects is presented. A structured
light of saw-tooth intensity variation with some inclination angle is projected on the object surface
to be measured. The proposed method relies on three main elements; first, a good quality
projector to project the saw-tooth fringe pattern on the surface of the object under test. Second, a
high quality digital CCD camera to capture the reflected image, and finally, a PC which is
interfaced to both the projector and the camera, with the necessary software to generate the
necessary fringe pattern and to analyze the captured image to reveal the 3D profile of the object
surface. Some test objects are generated using MATLAB and the method is simulated under the
assumption of noise-free environment.

Keywords: Fringe analysis, Profilometry, 3D Mapping, Contour measurement, Shape
measurement

1. Introduction

Three-dimensional surface contouring techniques have numerous applications. For
example, automobile parts whose dimensions need to be checked against their design
specifications can be subjected to surface contouring techniques to validate its geometry.
Museums can use 3D contouring techniques to establish a permanent digital heritage
preservation centre such as the pilot project aimed at the creation of lasting digital 3D
models for archival purpose at the “Museo dell’Opera del Duomo” in Florence [1]

Object profile measurement has long been in use for various reasons such as
inspection, navigation, or process control. It has gone by several names: 3-D mapping
[2], topography [3], profilometry [4], depth mapping [5], 3D-Shape [6], and many
others.

In the past, measuring the profile of objects was mainly dependent on contact
methods where a probe touching the object surface is used to scan the whole area under

© 2008 by Yarmouk University, Irbid, Jordan.
* Department of Computer Engineering, Hajjawi Faculty for Engineering Technology, Yarmouk University,
Irbid, Jordan.
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inspection. Of course, such methods where inherently slow, not very accurate, and only
suitable for solid objects with no fear of destruction, i.e. the scratching of the object
surface by the probe was not a matter, something that is very annoying when it comes to
measuring a highly-polished lens for example.

The need for non-contact non-destructive accurate measuring techniques has led for
the development of fringe projection methods. These methods are based on generating
a fringe pattern usually of sinusoidal intensity variations and projecting this pattern on
the object surface then capturing the reflected image and finally extracting the surface
profile. Several techniques for analyzing fringe patterns have been developed, a good
review for these methods can be found in [7,8]

The analysis of fringe patterns can be classified into two main categories: intensity-
based analysis [3,7,9,10] which were the early techniques, and phase-based analysis
which became the preferred choice in recent years [7,11,12].

The most common phase-based fringe pattern analysis are the Phase-Stepping
method and the Fourier Transform Method (FTM) [7,8,13,14]

The phase stepping method requires a highly accurate optical setup. In such a
system, several fringe patterns are captured such that a certain phase difference between
them exists. On the other hand, the Fourier Transform Method uses sophisticated and
intensive computational algorithms to analyze the reflected image generated from the
projection of a single sinusoidal fringe pattern [15].
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Figure 1: Optical setup for profile measurements
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The method presented here is a return to the old intensity-based techniques but with
a new approach. The idea of this method relies on the ability of producing good quality
linear fringes with a saw-tooth light intensity function that are projected on the surface of
the object under measurement with certain inclination, see figure 1. The reflected image
from the surface is then stored on a frame grabber by a CCD camera located at right
angles with the surface on which the object is laid on. A computer to produce the height
distribution then processes the image.

The theoretical analysis (see next section) shows that this method is very simple
from the point of view of computations and programming, thus making real time
realization on ‘simple’ computer systems feasible. The optical setup and equipment
needed for this method are also quite simple and cheap if compared with other methods.
For example, a Data-Show could be used to project a computer generated saw-tooth
shaped ‘linear’ fringe pattern on the object under measurement and a CCD camera to
collect the reflected image for analysis.

Recently, the use of CCD cameras, LCD projectors, and PC’s has been adopted by
several researchers for non-contact profilometry [16...18]

2. Theory

Assume that it is possible to produce and project a linearly spaced saw-tooth fringe
pattern that when projected on a flat surface the reflected fringes will have a period P
and a light intensity slope A. (figure 2)

Assuming the flat surface is coinciding with the x-y plane, the z-axis coincides with
the reflected rays from the surface, and that the light intensity is changing along the x-
axis only, the light intensity distribution function I at a point (x;,y;) on the reflected image
can be expressed by the following equation:

I(xpy; ) = A*(x;— KP) +Imin
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Slope =A
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Figure 2: Saw-Tooth light intensity variation

K=0,1,2...represents the period number, P is the period of the saw-tooth function,
and A is its slope and is given by : A = (Imax — Imin)/P (see figure 2)

Assume now an object has been laid on the flat surface such that the height
difference between X1 and X2 along the X-axis is equal to oH (see figure 3). The
reflected light intensity at X2 is the same as that of X3 if the object was not present. i.e.
if the light ray continued its path until it reached the flat surface at X3. So the light
intensity at X2 can be written as follows :
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IX2) = I(X1) + A * (X3 = X1) eerevvureeerieirnreeeineeessneeesssnnseeessseessnnes 1)

Q\ Camera
Saw-Tooth \ :

fringe
pattern

r—

X1 X2 X3

Figure 3: The effect of heights on changing the reflected fringe pattern shape

Using triangulation in figure 3 it can be proved that
F3) 5 Il (] (<. RN 2)

Where P=1/tan(0),0=1/A , JSI=I(X2)-I(X1) , 6X = X2-X1. For complete
derivation of equation 2, see [19].

It should be clarified that 6H is calculated between two adjacent points that are
laying on the same fringe period or on two adjacent periods. When the light intensities
are measured at two points laying on two adjacent periods of the fringe pattern, as shown
in figure 4, a correction has to be made on 8l to produce the true light intensity
difference. This is explained next.
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The correct dl for the case shown in figure 4 is given by:
oI = [Imax — I(X1)]+[I(X2) — Imin]
Rearranging,
8l = [Imax-— Imin] + [I(X2) - I(X1)]
let D = Imax — Imin, then:
8I=D + [I(X2)-I(X1)]

A correction has to be made for calculating the correct intensity difference I by
adding D to the measured difference whenever the two points are on two consecutive
periods of the captured fringe pattern. This occurs when I(X2)<I(X1).

3. Simulation

To verify the correctness of the method two object surfaces are simulated using
MATLAB. The first surface to be simulated was a part of a sphere surface. A 512x512
pixel fringe pattern with a fringe period of 32 pixels was used. As it can be noticed in
figure 5, the method was very successful in reconstructing the original object shape.
Although a shift in the object heights is observed in the reconstructed surface, this is not
a problem since we can always allow the captured image to include a reference plane
whose reconstructed height is subtracted from all the points on the reconstructed surface.
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To see how accurate is the method, the difference in heights between the original
and the reconstructed object was calculated in the middle of the two surfaces that is at
line 256 of the fringe pattern. As seen in figure 5 and figure 6 the maximum absolute
error was around 0.6 which is around 2% of the maximum height in the middle of the
object. It has to be mentioned here that the units of measurements are pixels. In true-life
measurements, a magnification factor has to be calculated to convert pixels into true

height measurement units.
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The second surface to be simulated is a moderately changing surface. Again, the
method presented here was successful in reconstructing the object surface from the
corresponding fringe pattern. In this simulation, the fringe pattern period was 64 pixels
instead of 32, (see figure 7 and figure 8)
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Figure 7: Simulation of a surface that looks like a roof

The MATLAB script for generating and simulating the roof surface is provided in
the appendix at the end of this paper.
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4. Discussion

Equation 2 above was the basis for the computer simulation programs used to
reconstruct the two simulated object surfaces. In the above simulations, we assumed the
following:

O The variation of the projected fringe pattern was along the x-axis only

O The reflectivity of the object surface is homogeneous all over the surface.
O Ambient light noise is not present.

O Very high quality projector and CCD camera are used.

The method measures the change in height between two adjacent points along the
x-axis, which will result in correct height distribution for each line. However, if all lines
start from the same reference plane then the overall height distribution for the whole
surface will be correct. Otherwise, if for example the object or part of it covers the
whole image area then equation 2 will give correct height distribution for points in each
line alone but not all points in the image. One solution to this problem is perhaps to
project a second linear fringe pattern that has its light intensity distribution increasing
linearly from top to bottom and then compute relative height distribution for one line
(column), i.e. fixing X at a constant value and changing Y. X could be in the middle of
the image for example. This way the relative height distribution of each horizontal line
is known relative to its neighbors, and thus a correction for all height distribution can be
made for all points in the image to give the correct height distribution of all points
relative to each other.

In our theoretical analysis, earlier ideal conditions were assumed. Unfortunately, in
real life, noises from different sources add the captured image. Reflection from the
object surface is usually non-uniform producing unwanted irradiance variation, which
would certainly affects the accuracy of measurements and therefore some measures have
to be taken to reduce this effect.

To enhance the process of producing the fringe pattern and the quality of the
capture images some of these measures could be used: Painting the object by white
color for example, capturing the images on a dark room, and using some image
processing algorithms. Preprocessing of the collected image is also necessary to reduce
the effect of noise and to enhance the image quality for processing.

It should be pointed out that 6H is assumed not large enough to cause cycle slipping
of one or more fringe periods. Therefore, this method would be suitable for surfaces
with small variations between adjacent points. From a theoretical point of view, this
method should be capable of measuring sharp variations on the object surface as long as
OH fulfills the condition mentioned above and that these variations are facing the
projected light beams as shown in figure 9 below.
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Fringe pattern rays

Shi.tdnw-a_rea/ -

Figure 9: Blind area problem caused by the shadow

The blind area shown in figure 9 is generated because no light beams fall on it.
Although the profile of the left hand side of the object in figure 9 has a sharp slope it will
not cause problems for the calculations - as long as 8H fulfils the criterion of no cycle
slipping mentioned earlier.

A solution for the blind area effect mentioned above is perhaps to do the analysis
twice, one with the projected fringe pattern facing the left hand side of the object and
another one with the fringe pattern facing the right hand side of the object and then
combining the two calculations to correct for blind areas errors.

It is worth mentioning also that reducing the angle of projection 6 will reduce the
effect of shadow. However, reducing 6 would reduce the light intensity sensitivity to
height variations, i.e. we would like to have bigger 81 for small 6H something that is
achieved by increasing the projection angle 6. Therefore, a compromise has to be made.
In practice, viewing angles between 10 and 30 degrees are usually used.

As compared to other methods on the field of fringe projection techniques for non-
contact measurements, This method requires less calculations, for example, the very
popular Fourier transform method, requires a 2D forward and inverse Fourier transforms
for the captured image to be calculated, furthermore, it requires other calculations such
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as filtering, phase extraction, and phase unwrapping steps. These calculations are more
time consuming than those required by this method.

5. Conclusions

A new method for non-contact object profile measurements has been proposed.
The idea of the method relies on the ability of producing good quality linear fringes that
are projected on the surface of the object under measurement with certain inclination.
The reflected image from the surface is then stored on a frame grabber by a CCD camera
located at right angles with the surface on which the object is laid on. The image is then
processed by a computer to produce the height distribution.

The mathematics for this method is quite easy and the programming of the method
is relatively simple. Future work will focus on practical aspects related to the ideas
presented in this paper.

The method was tested through simulation. Two object shapes have been
generated, and the corresponding fringe pattern was simulated. The fringe pattern was
then analyzed and a 3D map for each object was calculated. The method proved to be
working. However, in real life a lot of problems may arise that would require additional
steps in preprocessing the captured fringe image.
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Appendix

%The following script will simulate a roof object and %will produce 4 figures; first
the simulated object, %second the simulated fringe pattern, third, the %reconstructed
object, and fourth the absolute error %(note the error should be recalclculated by
subtracting %the reference plane height)

phi = input('car roof inclination in degrees');
phi=phi*pi/180;

tanphi=tan(phi); % inclination of object surface

H1=zeros(1,256);
for i=100:200
H1(i)=(i-100)*tanphi;

end

H1(201:256)=100*tanphi;
H2=fliplr(H1);

H1= [H1 H2];
H1=[H1;H1;H1;H1;H1;H1;H1;H1];
H1=[H1;H1;H1;H1;H1;H1;H1;H1];
H1=[H1;H1;H1;H1];

H3=zeros(512);

[N,M]=size(H1);
H3(256-(N/2):256+(N/2)-1,:)=H1;
[N,M]=size(H3);

H2=H3(1:16:N,1:16:M);
R1=1:512;
R2=R1(1:16:N);

figure(1);
colormap ([11 1]);
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surf (R2,R2,H2);

axis equal;

P=input ('enter fringe period in pixels : ');
Imax=input ("enter maximum light intensity 0<Imax<255:");

Imin=input('enter minimum light intensity 0<Imin<255 : ');

If (Imax<=Imin)
Error ('Imax should be greater than Imin');

end

theta=input ('enter angle of projection in degrees : ');

if ((theta >30) | (theta<10))
error('theta should be between 10 and 30');

end

tanth = tan(theta*pi/180);
DX=1; % the scanning is done pixel by pixel,
DI=Imax-Imin; %

a=(Imax-Imin)/P; % slope of light intensity

FP=ones(size(H3))*Imin; % initialise the fringe pattern with
% minimum light intensity
for i=1:N
for j=2:M
DH = H3(i,j)-H3(i,1); % difference in height between
% adjacent pixels
DX=j;
FP(i,j)= fix(FP(i,1)+a*(DX + tanth*DH));
NF=floor(FP(i,j)/DI); % NF number of fringe cycles
FP(i,j)=FP(,j) - NF*DI +Imin;
end

end
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figure(2);
C=0:1/255:1;
map=[C' C' C'];
colormap(map);

image(FP);

% reconstruct (HR is the array of the reconstructed surface)

HR=zeros(N,M);
Beta=1/tanth;

alpha=1/a;

for i=1:N
for j=2:M
di=FP(i,j)-FP(i,j-1); %light difference between 2 pixels
if(di<0)
di=di+DI;

end

DH = Beta*(alpha*di-1);
HR(,j)=HR(,j-1)+DH;
end

end

figure(3)

colormap ([1 1 1]);
HR2=HR(1:16:N,1:16:M);
Surf (R2,R2,HR2);

axis equal;

err=H3(256,:)-HR(256,:);

figure(4)

plot(err);
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Abstract

Magnetic properties of Y;Ba,Cuz0;.5 superconducting system with Fe added in different
weight percentage have been studied versus the applied magnetic field for different temperatures
above the critical temperature, T, . As expected, the Y;Ba,Cu30;.5 compound showed nonmagnetic
behavior for all temperatures and all fields. The addition of iron caused friction in that system
above T.. A phase transition at about 260K was observed in the susceptibility in the 1% and 4%
samples. This could be due to the formation of an anti-ferroelectric or ferroelectric states
associated by the oxygen deficiency in some off-center positions of the crystal structure.

Keywords: High temperature superconductors, Magnetization, Doping, Magnetic
friction.

Introduction

High temperature superconductors are classified as type II superconductors. Doping
processes are used to enhance the critical current density, the critical temperature T, and
other properties of superconducting materials [1-5]. Y-based superconductors are the
most widely studied systems. High T, superconductors are reported to have fewer
electrons per unit volume in the normal state. The grain boundary thickness is greater
than or equal to the coherence length so that the barrier penetration is more difficult at
weak links and the Cooper pairs can be broken [6].

In the superconducting state, the vortices do not move freely because they are
pinned at some pinning centers and a very small Lorentz force is needed to remove a
vortex from its pinning center [6]. If the Lorentz force is smaller than the pinning force
then the current flows without any dissipation. But if the Lorentz force is large enough,
then the vortices move and electrical resistance appears as the transport current exceeds
the critical current value, I, , which can be used as a measure of the pinning force.

It is very helpful to understand superconductivity if we can understand the normal
state properties for a superconductor. In addition, preparation conditions like grinding,
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compressing, and heat treatment have major effects on their properties. These can help in
improving contacts and help in optimizing O, content which has major effect on the
critical temperature and critical current density.

There are several reported articles concerning the properties of the superconducting
material in the normal state [7-12]. The effect of iron addition on Y-based systems was
previously studied for temperatures below T.= 92K and an increase of vortex pinning
that improves J. were reported [4, 5, 13,14]. In this work we have prepared Y-based
samples and Fe was added in different percentages. The magnetization measurements at
various temperatures below T, are reported in details before [13]. The magnetization
measurements versus temperature and various applied fields for different iron content at
various temperatures above T, will be reported and discussed.

Sample Preparation and Experimental Procedure

The samples were prepared by the solid-state reaction method using Y,0;, BaCQOs,
CuO, and Fe;04 high purity powder oxides as starting materials. First, we prepared
YBa,Cu;07.5 superconducting system (Y123) from Y,03;, BaCO;, CuO high purity
oxides. We divided the material into four samples. Iron in the form of Fe;O4 was added
to three samples of Y123 as a percentage ratio of the weight with 1%, 2%, and 4%.
Detailed sample preparation was reported before [13].

A small amount of each sample was ground into powder for X-ray diffraction and a
diffraction pattern was obtained. Scanning electron microscope (SEM) micrographs were
taken for the samples containing iron (1%, 2%, and 4%) and these results were reported
before [13,14].

In this work we will focus on the effect of increasing the content of Fe atoms in the
Y123 superconductors by studying the magnetic properties of these samples above T..
The magnetization measurements were carried out using a Vibrating Sample
Magnetometer (VSM). The measurements were recorded at different temperatures from
100K to 300K. The magnetic field applied was varied at a rate of 25 Oe/s from 0-8 kOe.

Results and Discussion

Room temperature XRD spectra showed that the well defined peaks are almost the
same as those of the orthorhombic structure of the superconductor Y123. The addition of
iron caused a slight shift in the position of these peaks. Table 1 shows a comparison
between the reported lattice parameters [15] and the calculated ones from the XRD data.
SEM data showed presence of grains with their size increasing with increasing iron
content which appears very clear for the 2% Fe sample [13,14].

The magnetic properties of the sample above T, were analyzed and compared with
the undoped sample Y123. The measurements of the magnetization, M, versus applied
field H for the sample with 0% iron for various temperatures above T, showed a
nonmagnetic behavior at all fields at all temperatures.
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Tablel: The lattice parameters for samples with different iron percentages .

Lattice Reported Samples studied in this work
parameters | parameters for 0% 1% 2% 4%
0%
[15]
a(A) 3.82 3.8258 3.8263 3.8046 3.8343
b(A) 3.88 3.8884 3.87735 3.8796 3.8749
c(A) 11.67 11.6737 11.8044 11.6817 11.4056
Figure (1) shows M versus H for the sample 1% for various temperatures. It

showed a diamagnetic behavior at all fields at all temperatures below 260K. It started to
show some paramagnetic behavior at low fields for temperatures higher than 260K. We
calculated the magnetic susceptibility x(T) for the 1% sample at low fields (below 1500
Oe) and these values are shown in Figure (2). It is clear that the sample always showed a
diamagnetic behavior at temperatures below 260K and high fields.
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Figure 1: Magnetization versus applied field for 1% Fe sample at different temperatures.
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Figure 2: The magnetic susceptibility, x, versus the temperature for 1% Fe sample.

Figure (3) shows M versus H for the 2% Fe sample at different temperatures. The
behavior of M versus H is nearly linear diamagnetic behavior for all temperatures .The
magnetic susceptibility, x(T) at each temperature, for this sample was of the order (-
5x107emu/g Oe). Figure (4) shows M versus H for the sample 4% for various
temperatures. It showed, for all temperatures, a dominating paramagnetic behavior at

low fields up to about 1500 Oe . After reaching some maximum it showed a diamagnetic
behavior for all fields at all temperatures.
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Figure 3: Magnetization versus the applied field at different temperatures for 2% Fe sample.
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Figure 4: Magnetization versus applied field for 4% Fe sample at different temperatures.

Figure (5) shows y (T) at law fields (about 1500 Oe) versus T for the sample with
4% which shows a phase change starting at temperatures near 250K. This appears clearly

in Figure (6) which shows maximum magnetization, M, calculated from the
magnetization data, versus T.
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Figure 5: The magnetic susceptibility, ¥, versus the temperature for 4% Fe sample.
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Figure 6: Maximum magnetization, M., versus the temperature for 4% Fe sample.

The magnetization, M, and the magnetic susceptibility, ¥(T) behaviors versus the
temperature, T, for the samples with 1% and 4% iron showed a phase transition near
260K, which may be caused by the formation of an anti ferromagnetic states associated
with the ordering of the atoms. For the 4% sample we observed a phase transition near
200K but it was weaker than the one near 260K.

For the samples with 2% and 4% iron content, the magnetization was very weak
and of the same order of magnitude of the magnetization for the sample with 0% iron.
This could be explained, using previously reported SEM micrographs for these samples
which suggested that Fe prefers to agglomerate in zones without replacing atoms in the
crystal of the superconducting phase ( namely copper atoms ) for high percentages of
iron added. In fact, it was much smaller compared to the magnetization of the sample
with 1% iron content which was two orders of magnitude higher than others. This
appeared clearly when we calculated y for these samples. These results suggested that
the percentage of iron added to samples should not exceed 1% as had been reported
before [13].

Conclusions

The normal state of Y;Ba,Cu;O;; compound for temperatures above Tc is
nonmagnetic. Of course as a superconductor, for temperatures below Tc, this compound
is a diamagnetic material. The addition of iron acts to cause friction in that compound.
This effect is noticed to be strong with higher iron content and high applied fields and
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appears very clearly in the range 250K - 260K. The formation of an anti-ferromagnetic
transition at T ~ 250K-260K can be associated with ordering of the iron atoms or to the
formation of an anti-ferroelectric or ferroelectric states associated by the oxygen
deficiency in some off-center positions of the structure.
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Abstract

The dispersion relation of the filementation process is derived and solved numerically in the
limit of low order coupling corresponding to no relativistic electron motion in the field of the
incident pump wave. It has been found that the increase in electron temperature decreases the peak
growth rate value and shifts its position towards short wavelength values. As the ion to electron
temperature ratio increases, the instability range shrinks towards long wavelength side. By
increasing the incident laser intensity, the range of instability broadens rapidly towards the short
wavelength regions and the peak value of the instability growth increases. These results are
closely related to the growth rate variation of the ion acoustic waves with changing electron to ion
temperature ratio.

Keywords: Plasma; Filementation; Parametric instabilities.

Introduction

In laser-plasma interactions, instabilities leading to anomalous heating of plasma
electrons and ions or to scattering of electromagnetic energy out of the plasma are still a
subject of intensive study and concern. A coherent light incident into plasma induces
density oscillations or fluctuations that couple with the incident wave to produce
amplified scattered (induced) wave(s) for suitably matched frequencies and
wavenumbers [1,2]. Strongly phase-correlated incident pump waves are essential for the
excitation of different collective instabilities in plasma, and therefore, corresponding
growth rates can be reduced and effective plasma heating is reached when broad band
rather than narrow band laser systems are used [3-6].

Local changes in the dielectric properties of plasma, such as dielectric constant and
refractive index, result from natural or induced non-uniformities or perturbations of an
incident driving light source [7,8]. Positive changes in the dielectric constant in regions
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of high intensity produce a focusing lens, enhance perturbations and then initiate an
instability. As pointed out in literature [7,9], filamentation instability is a nonlinear
optical effect. In laser-plasma interactions, changes in the plasma dielectric properties
are produced by many mechanisms such as plasma density amplification by
ponderomotive bunching forces [10-12], thermal effects resulting from plasma heating
by collisional absorption [13-16] and relativistic mass variations caused by incident
ultra-relativistic intense laser radiation [17-21].

Induced scattering processes (wave-wave interactions in particular) can lead to the
growth of both longitudinal and transverse waves in plasma. Self-focusing is one of the
most known familiar mechanisms for the growth of transverse waves. When the
refractive index for transverse waves makes a positive change, waves are refracted
toward the region of increasing refractive index, and hence a local enhancement in the
wave energy density tends to cause more waves to refract into that region. This nonlinear
optical effect is known as self-focusing, that leads to a filamentation instability in which
a beam of radiation breaks up into filaments [22,23].

Self-focusing of intense laser light in a plasma of increasing index of refraction
occurs as a result of electron mass increase caused by their large quiver velocities in the
light wave, and the reduction of the electron density by the ponderomotive force
expulsion of electrons [17,24]. Modifications of the plasma index of refraction by the
ponderomotive force and by the relativistic increase of mass were found to be of the

same order of magnitude for laser beam channel width of the order of c/ w,,

where cis the speed of light and , the plasma oscillation frequency. Instability

threshold of thermal filamentation was found to decrease when accounting for effects of
nonlocal electron heat transport. Also, thermal effects should dominate over
ponderomotive mechanism for inertial confinement fusion parameter [25].

Because of its role in interacting with other decay waves in laser-produced plasmas,
and of its low excitation threshold among other parametric and nonlinear coherent
processes in plasmas, filamentation is still of more general interest [26-28]. In altering
the spatial and temporal distribution of the driving source intensity, filamentation
produces conditions favorable for other instabilities such as stimulated Brillouin and
Raman scattering processes by lowering their thresholds and increasing their growth
rates [29-33]. Consequence of filamentation, for example, on stimulated Raman
scattering (SRS) was considered by Liu and Tripathi in long density scale length
plasmas [27]; For electron temperature of 1 keV and incident laser power intensity of a

few times 10'* W /cm? at 1.06 microns, filamentation was found to have no strong
effect on SRS, while it enhances SRS growth rate at lower intensities and higher
temperatures [26,27]. Barr et. al [33] solved the full SRS equations for linear density
profiles and found that feedback linking forward and backward SRS can result in an
instability that is absolute for all frequencies.

Among the many theoretical studies of the filamentation instability, Sodha et. al
[34] derived an expression for the maximum growth rate of filamentation instability
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valid for arbitrary intensity of incident laser up to the density at resonance point.
Numerical solution of Schrodinger equation coupled with the electron and ion thermal
transport equations that describe the filamentation of a laser beam in plasma [35] showed
self focusing of the incident beam by one to two orders of magnitude. Drake et. al [36]
made a simple formalism for many of the parametric instabilities of light in a
homogeneous plasma including the filamentation instability. In their study they showed
growth rates as a function of the incident pump power.

In ref. [23] a simple expression for the growth rate of filamentation instability has
been derived with some limitation on the validity of that expression. In his work, Kruer
used the condition y << kc,, where ¥ is the growth rate, k is the wave number and

¢, 1is the speed of light. Also, the simple expression obtained by Kruer describes the

maximum growh rate, where the condition dy /dk =0 is used. Another limitation on
Kruer's expression is the consideration of cold ions. Since resonances with ion waves are

not involved in the filamentation instability, the process is not extremely sensetive to
plasma inhomogeneity. Accordingly, in this report, we investigate the full spatial
behaviour of ponderomotive filamentation instability induced by a large amplitude laser
radiation, where temporal growth rate is discussed. In Sec. 2, the dispersion relation of
the filamentation process is derived in the limit of low order coupling for nonrelativistic
electron motion in the field of the incident pump wave. Numerical analysis of the
dispersion relation and the filamentation temporal growth rate are given in Sec. 3
without the use of any of the above limitations put on ¥ in ref. [23]. Finally, discussion

and conclusions are presented in Sec. 4.
Dispersion Relation

To derive the coupled equations for the filamentation of light in plasma as a four
wave process, ions and electrons are treated as conducting fluids that are coupled via the
force and density equations of each species and the Maxwell's field equations for the

average electromagnetic fields E and B , namely,

- . OB - _ 1 0E
VxE=—r VBt oy 0
o - _ Lo
« .(n,7,)=0, V-E=LYnq,
t &%
’ @)
dv . .. _
mana - :qanaE+QananB_]/akBTavna’
dt 3)
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where L4, is the free space permeability, &, the free space permittivity, & = e, i,
and m,,q,, n,, T 4> Va»and Va are the corresponding mass, charge, particle number

density, temperature. ratio of specific heats, and fluid average velocity, respectively.

Vectors £ and B represent the average values of the total electric and magnetic fields
in the plasma, respectively. We, also, assume the presence of a large amplitude incident

light wave of the form Eo (7,t)= Eo COS(/EO ¥ —@,t), where Eo is the vector
wave amplitude, ]; oand @, are its wavenumber and frequency, respectively.

The derivation steps leading to the coupled equations needed for describing the
filamentation process are straightforward, but somehow lengthy. Since the filamentation
process involves both high frequency electromagnetic waves and low frequency density
fluctuations (ion-acoustic mode), transverse and longitudinal parts of the total current
density are usually treated separately. In a plasma of uniform density and temperature
with non-relativistic electron motion in the field of the transverse waves, and upon

linearizing the electron density about the equilibrium density #,, and the electric field

E about the large amplitude incident wave £, we obtain the following space-time

—

Fourier transformed equations for the induced (scattered) transverse modes £ coupled

to the electron density fluctuation 7, via E,,,

(a)2 —k? —a);e)g'(lg,a))=ez—aﬁ)[ﬁe(lg—l€0, a)—a)o)+ﬁe(l€+l€0, a)+a)0)]

2¢,M,0 )
(a)z _czkzﬁ(]; a)):ZV{)eeZkZ Eo .E(l;—%o, a)—(q))+}§‘0 'E(l;"‘l;o: a)_,_ab)
B 2mmay @y —@ @+ )

_ 2 . —
where @ pe =\ Mpe€ / &,m, is the electron plasma oscillation frequency, Z the

single ion charge state. c, Z\/(Z}/ekBTe +y,k,T.)/m, the speed of the ion-

acoustic wave, and @ and k are the frequency and wave number for the ion-acoustic
mode of the plasma.

To use equations (4) and (5) for describing the four wave filamentation process, we
assume a first induced -electromagnetic mode characterized by the frequency
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o, =w, — o and wavenumber K, =k, —k , and a second transverse mode with

0, =0, + o and k b = ];0 +k being the frequency and wave number of this mode,
respectively. Replacement of (/; ,®)in equation (4) by (—];a ,—®,) and

(l; »» @, ) results in the following coupled equations;

(a)f —’k? —a)ze)ia(—l; — ):% ﬁe(l;—Zlgo, a)—2a)0)+ﬁe(l€, a))]

(6)

(a)lf ~c’k; — a);e)l?b (lgb,a)b): %[ﬁe (lg +2k,, 0+ 2a)0)+ ﬁe(l;, a))] (7

- 2,2 — ) ~ . (-
2 - o) 2o | BBl hco) BBl

|
tand]
|
RS
N ~—
+
o

®)

Necessary information about the four wave filamentation process in a homogeneous
plasma of uniform density and temperature are contained in the instability dispersion
relation. The system of equations (6-8) becomes a closed one if we ignore higher order
modes corresponding to frequencies and wavenumbers other than those involved in the

filamentation process, i.e. kK 2k, and @ * 2@, and higher. In this sense, the resulting

dispersion relation is that of the linear evolution of the filamentation process.

Upon solving the coupled equations (6-8) with no account to higher order modes,
using the dispersion relation of propagating incident light in cold plasma

6002 = a);e + czkg and the transverse nature of pure filamentation process described
by the condition k.ko =0, we obtain the following dispersion relation;
2,272

v
(coz —csz) [(a)2 —-c’k?)? —4a)2a)02]——’” 2” (@ =c’k*)=0, (o

where we introduced the abbreviations v, = eE,/m @, for the magnitude of

the electron quiver velocity in the field of the incident wave, and

, = N Zm, | m, @,, forion plasma frequency.
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Numerical Results
In our numerical analysis, we characterize the filamentation instability by its
growth rate » mnormalized to the incident laser frequency @, in the limit

|a)| =y <<, . Temporal growth of filamentation process in underdense plasma

region is considered. In all calculations, we assume incident light wavelength ﬂo of
1.06m , isothermal electrons, one-dimensional adiabatic ions and an equilibrium

electron plasma density #,,, of one quarter of the incident light critical density.

Normalized instability growth rate y /@, versus kA,  for different electron

temperature values is shown in Fig. 1, where A pe represents the electron Debye length.
Curves from high-peaked to low-peaked have the following electron temperature values;
T,=0.5,1, 2 and 3kelV, respectively. Other parameters are [, = 10°W [ cm?

for the incident laser intensity and 7, = 0.37 . for the ion temperature. As seen in Fig.

1, the increase in electron temperature results in a decrease in the growth rate peak value
and a position shift towards short wavelength values (large k), while the instability range
remains constant. This effect is observed only in the long wavelength part (small k) of
the instability range, with the rest of the instability range being unaffected by increasing

T

e
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o o001
\\.
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a S oo a1 CX-TT
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Figure (1): Normalized growth rate y /@, versus kA, for different electron
temperature. Curves presented from high-peaked to low-peaked curvey correspond to
T,=05,1, 2, 3 keV', respectively. Other parameters are n/n, =0.25,

I, =10"W/cm*>, A, =1.06um, T, = 0.3T, .
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Figure 2 shows the normalized instability growth rate y/ @, versus k/lDe for
different ion to electron temperature ratios 7, /T .- Curves with wider to narrower range
of instability correspond to 7, /7, = 0.1, 0.3, 0.6, 1, respectively. Other parameters
are 1, =10"W/cm® and T, =3keV . Contrary to Fig. 1, the instability range

shrinks towards the long wavelength side of the instability range as the ion to electron
ratio increases. The magnitude of the peak of instability reduces very slightly, while the
peak position remains almost fixed.

0.00025 : : r

0.0002

0.0001s

0.0001

5e-05

1 1
o] 0.005 0.01 0.015 0.02

Figure (2): Normalized growth rate y/ @, Versus kﬂ,De for differention ion to
electron temperature. Curves with wider to narrower range of instability correspond to
T./T,=0.1, 0.3, 0.6, 1 keV, respectively. Other parameters are n/n, =0.25,

I, =10"W/cm*, A, =1.06um, T, = 3keV .
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Variation of the normalized instability growth rate ¥ /@, versus kA,, with the
incident laser intensity /,, is shown in Fig.3. Curves with narrower to wider range of
instability correspond to [, = 10", 10", 10" and 10" W /cm?®, respectively.

Other parameters are 7, =3kel and T, = 0.37T,. By increasing the intensity of the
incident laser beam, the range of instability broadens rapidly towards the short
wavelength side. Also, the peak value of the instability increases. For [, = 10" the
instability is negligible compared to higher values of incident laser intensity leading to a
threshold value of /, below which the mode can be considered stable.

Discussion and Conclusions

Ponderomotive filamentation process has been considered in the limit of low order
coupling corresponding to nonrelativistic electron motion in the field of an incident large
amplitude pump wave. In the problem of laser-matter interaction, oscillation of the
plasma electrons in the incident laser radiation induces higher field harmonics at

frequencies @' = @ + nw, and wavenumbers /2 = /2 + n/gc'0 , where @ and /; are the
frequency and wavenumber of the low frequency perturbation, respectively. In the weak
field limit v << ¢, only low field harmonics are excited [36]. In the presence of low
frequency ion density fluctuations, instabilities such as Brillouin and filamentation
instabilities derived from the lowest harmonic 77 =1 are expected to have the strongest

growth because a small amount of energy can increase the amplitude of these
instabilities.

Numerical solution of the dispersion relation shows that the increase in the electron
temperature [for fixed ion to electron temperature ratio] decreases the growth rate peak
value, while its position shifts towards short wavelength values [Fig. 1]. This effect is
only observed in the long wavelength regime. By varying the ratio of ion to electron
temperatures, the instability range shrinks towards the long wavelength end as the
temperature ratio increases [Fig. 2]. By increasing the incident laser intensity, the range
of instability broadens rapidly towards the short wavelength region and the peak value of
the instability growth increases [Fig. 3]. Compared to higher incident laser intensities,

values of the order of /, = 102 W / cm® have a negligible growth rate and instability

range. This leads to a threshold value of [, below which the mode can be considered
stable.
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Figure (3): Normalized growth rate ¥/ @, versus kA, for differention incident laser
intensity. Curves with narrower to wider range of instability correspond to
I, =10", 10", 10", 10", respectively. Other parameters are n/n, =025,

Ay =1.06um, T, =3keV and T, = 0.3T,.

Presence of ion acoustic waves in the filamentation process explains the observed
behavior of filamentation growth as the ratio 7, /T, is varied; Increasing T, / T, makes
the ion acoustic mode increasingly damped, and hence the range of filamentation
instability decreases [37]. By decreasing 7, /T . » induced modes can persist for a greater
number of oscillations and thus are more likely to be observed. The long wavelength
dispersion relation of ion acoustic waves @ ~ csk isvalidupto 7. ~ T, . However, for

collisionless plasma with 7, ~ 7., more accurate estimates of growth rates and

thresholds require kinetic treatment since ion acoustic waves are predominantly damped
by ion Landau-damping.
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This work is an extention to the work done by Kruer [23] where his work has many
limitations; two of which are the use of the condition 7 << kc in his derivations and

considering the case of cold ions only where 7, does not appear as a parameter in his

expression. Another, very important, difference between Kruer's work and this work is
our study of spacial behaviour of filamentation instability by solving it's spectra with
respect to the wavenumber of the low frequency ion wave, whereas ref. [23] derived the
maximum growth rate only of the filamentation instability. This generalization allows
for a detailed investigation of the instability as a function of the intensity of the incident
laser light radiation and the temperature of the plasma species.

Acknowledgment

MSB would like to thank the Hashemite university for supporting this work.

Al dawdl OIS ypulll Aadl Sjdll LA Gy pie ¥ gad

uadle
e Slepud) ssaa 8 LoiMl Buled H3ulll plel G1maY sl AMe Jap lindl o3 adl
Bolips g loed) (ol Loud Ce My Sl 3 8505m Lanyo B0ly OF Liaas wlly acliigsSIN dual]
o Boluiud iy W 1,8 LhEtal Y sus ol clig KN A alis¥) 8, days L
Uniye glall ol . i€ Sy a it W sue O LopdUl e @bl )5l dasl ) el
(2l Y M Sliaa¥) 85m dajs Lo i Slisa¥) 2 lsel LlEtal ¥ s,

References

[1] Silin V. P., Sov. Phys. JETP 20 (1965)1510 [Zh. Eksp. Teor. Fiz. 47 (1964) 2254].
[2] DuBois D. F. and Goldman M. V., Phys. Rev. 164 (1967) 207.

[3] Valeo E., Oberman C., and Perkins F., Phys. Rev. Lett. 28 (1972) 340.

[4] Yamanaka C., Yamanaka T., Sasaki T., Yoshida K. and Waki M., Phys. Rev. A 6
(1973) 2335 .

[5] Bodner S. E., Chapline G. F., and DeGroot J., Plasma Phys. 15 (1973) 21 .

[6] Ross 1. N., Matousek P., Towrie M., Langley A. J. and Collier J. L., Opt. Commun.
144 (1997) 125.

[7] ShenY.R., Prog. Quant. Electr.4 (1975) 1.

60



Temporal Growth of Filementation Instability Induced by Large Amplitude Laser Radiation

[8] Andrew J. Schmitt, Phys. Fluids 31 (1988) 3079.

[9] Marburger J. H., Prog. Quant. Electr. 4 (1975) 35.

[10] Kaw P. K., Schmidt G. and Wilcox T., Phys. Fluids 16 (1973) 1522.
[11] Max C., Phys. Fluids 19 (1976) 74.

[12] Shkarofsky L. P., Phys. Fluids 23 (1980) 52.

[13] Perkins F. W. and Valeo E. J., Phys. Rev. Lett. 32 (1974) 1234.

[14] Tripathi V. K. and Pitale L. A., J. Appl. Phys. 48 (1977) 3288.

[

15] Lal A. K., Marsh K. A., Clayton C. E., McKinstrie C. J., Li J. S. and T. W.
Johnston, Phys. Rev. Lett., 78 (1997) 670.

[16] Silin V. P., Sov. Phys. JETP, 92 (2001) 617 [Zh. Eksp. Teor. Fiz., 119 (2001) 710)].

]
]
]
]

[17] Guo-Zheng S., Ott E., Lee Y. C. and Guzdar P., Phys. Fluids, 30 (1987) 526.
[18] Max C. and Arons J., Phys. Rev. Lett. 33 (1974) 209.

[19] Sheng Z. M., Nishihara K., Honda T., Sentoku Y., Mima K. and Bulanov S. V.,
Phys. Rev. E, 64 (2001) 66409.

[20] Barr H. C. and Hill L. J., Phys. Plasmas, 10 (2003) 1135.
[21] Honda M., Phys. Rev. E, 69 (2004) 016401.

[22] Melrose D. B., "Instabilities in space and laboratory plasmas", Cambridge university
press, Cambridge (1986), pp.100-116 .

[23] Kruer W. L., "The Physics of Laser Plasma Interactions", Addison Wesley
Publishing Company (1988), pp. 90-94.

[24] Schmidt G. and Horton W., Comments Plasma Phys. Controlled Fusion 9(1985) 85.
[25] Epperlein E. M., Phys. Rev. Lett. 65 (1990) 2145.

[26] Barr H. C., Boyd T. J. M. and Coutts G. A., Phys. Rev. Lett. 56 (1986) 2256.

[27] Liu C. S., and Tripathi V. K., Phys. Fluids 29 (1986) 4188.

[28] Giulietti A. et al., Phys. Rev. E, 59 (1999) 1038.

[29]

29] Eliseev V. V., Rozmus W., Tikhonchuk V. T. and Capjack C. E., Phys. Plasmas, 3
(1996) 2215.

[30] Huller S., Mounaix Ph. and Pesme D., Physica Scripta, T63 (1996) 151.

[31] Huller S., Mounaix Ph., Tikhonchuk V. T. and Pesme D., Phys. Plasmas 4 (1997)
2670.

[32] Maximov A. V. et al., Phys. Plasmas, 11 (2004) 2994.

61



Bawa'aneh, AlI-Awfi and El-Nasser

[33] Barr H. C., Boyd T. J. M. and Coutts G. A., Phys. Rev. Lett., 60 (1988) 1950.

[34] Sodha M. S., Sharma J. K., Sharma R. P. and Kaushik S. C., J. Appl, Phys., 49
(1978) 599.

[35] Nicolas D. J. and Sajjadi S. G., J. Phys. D: Appl. Phys. 19 (1986) 737.
[36] Drake J. F. Kaw P. K., Lee Y. C. and Schmidt G., Phys. Fluids, 17 (1974) 778.
[37] Williams E. A. et. al, Phys. Plasmas, 2 (1995) 129.

62



ABHATH AL-YARMOUK: "Basic Sci. & Eng." Vol. 17, No.1A, 2008, pp. 63-76

Indoor Radon-222 Concentration Measurements
in Some Houses in Dura District During the
Winter Season of the Year 2000

Amin Leghrouz, Mohammad Abu-Samreh* and K. M. Awawdah**

Received on Nov. 25, 2004 Accepted for publication on Sept. 28, 2006

Abstract

In this study, we report the indoor radon-222 concentration levels of various dwellings
located in Dura district during the winter season of the year 2000. Measurements were performed
using the CR-39 detectors. Over 29 dwellings and 21 classrooms scattered randomly through this
district were investigated. The radon concentration levels in the inspected zones were found to
vary considerably from 29 to 398 Bg/m’. The regional average was found to be 83 Bg/m®. This
corresponds to an approximated annual average effective dose equivalent per population of 2.13
mSv. Most measurements were found to be within the internationally accepted concentration
levels.

Keywords: Radon, Level, Dosimeter, Exposure, Isotopes, CR-39 detector, Activity.
I. Introduction

Over the past four decades, natural radiation exposure due to radon-222 (***Rn) and
its daughters, i.e., Polonium-218 (***Po) and Polonium-214 (*'*Po), have been recognised
as a worldwide problem. They have been considered as a major cause of significant
health risk, especially to lung and bones, to general public [1-3]. This is because **’Rn
and its natural radioisotopes, such as radon-219 (*"’Rn) and radon-220 (**°Rn), emit
alpha particle which is highly effective in damaging lung tissues [4-5]. So, breathing
high concentrations of “*Rn gas can cause lung cancer [6]. Besides, radon daughters
attach themselves to dust particles present in the air and the attached or unattached radon
daughters may be inhaled and become lodged in the nasal passage, trachea and
pulmonary tree or pulmonary parenchyma [7].

Radon **Rn as well as other natural radon isotopes such as *'’Rn and **’Rn is
naturally produced within that part of earth crust that contains cores of uranium and
thorium and their progenies in secular equilibrium [8]. The **Rn gas emanates from
soil, building materials, water supplies, and natural gases of terrestrial origin [9-11].
22Rn gas enters houses from soil through cracks in concrete floors and walls, floor
drains, construction joints, and tinny cracks or pores in hollow-block walls [12]. Thus,
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radon gas can diffuse through the soil and seep into the buildings and trapped within
poorly ventilated buildings. Accordingly, the indoor 222Rn concentration is expected to
be high in places having a direct contact with soil and of poor ventilation.

Investigations of natural radiation have received particular attention worldwide and
led to extensive surveys in many countries [4]. During the past two decades, a
tremendous number of investigations have been conducted and directed to monitor the
radon gas levels [13-17]. The recommended indoor action level for the general public is
ranged between 150 and 600 Bg/m’ [18-20]. The indoor radon level of 150 Bq/m’,
which corresponds to a yearly indoor effective average dose of 1.30 mSv/y has been
adopted in USA as a reference point before making any action [20]. The indoor radon
concentration average of 39 Bg/m’ and its corresponding "yearly" effective dose
population-weighted average value of about 1 mSv have been assigned as the world
reference data to the indoor concentrations according to the United Nations Scientific
Committee on the Effects of Atomic Radiation (UNSCEAR) 2000 report [4, 7].

The first attempt to measure radon concentration levels in the Southern part of the
West Bank, Palestine was performed in Hebron University campus [10]. In this study,
we are mainly concerned in investigating the indoor radon concentration levels in houses
and public places such as schools in Dura district and its surroundings. Dura, is a city
located ten kilometers south-west of old Hebron city and it has more than 60000
inhabitants. The study is motivated by several considerations, among no information or
data about radon gas concentration has been reported before for this region. Therefore,
this study is expected to provide some data and information about the radon
concentration levels concerning the radon exposures to the general public. Besides, some
bases for radiation protection countermeasures are recommended too. This includes
action level recommendations for the existing houses and for future housing architect
design.

I1. Methodology

This study is directed to smear up a wide area in Dura district (see Figure 1)
searching for places of high indoor **’Rn concentration levels. This includes dwellings,
houses and public places such as schools that have been chosen randomly.
Measurements were performed during the winter seasons of the year 2000. The passive
devices (Solid state nuclear track detectors (SSNTD'S)) of type CR-39 have been used.
The passive radon detectors (dosimeters), have been developed and described
somewhere else by several workers [1, 17,21-24].
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Israeli Seitlements in the West Bank, October 1986
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Figure 1 a) General geological map of the West Bank showing the investigated area
enclosed by a blue circle
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Figure 1b) Map of Hebron province showing the location of the villages and cities under
investigations.
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In this study, a typical dosimeter consists of a CR-39 sheet having dimensions of
12.0 mm x 13.0 mm x 1.0 mm inserted in a flat position to the bottom of a plastic cup
and held in place by a small piece of blue-tack as shown in Figure 2. The plastic cup has
a dimension of 70.0 mm diameter orifice, 50.0 mm diameter base and 65.0 mm deep.
The top of the cup was covered with a permeable cling film (Polyethylene foil) to allow
only ***Rn gas to pass through the film and to exclude radon daughters from entering the
dosimeter [10]. About seventy dosimeters were distributed in over 50 dwellings (single
houses, apartments complexes, storage rooms) chosen randomly in Dura district. All
dosimeters were fixed at a level of half meter above the ground and left in position for
almost two months (during the time interval between 6/1/2000 and 10/3/2000).

ling film
70.0 mm
elastic-ba
65.0 mm
CR-39
Blue-tack N ’

e« 300mm |

Figure 2 Typical CR-39 dosimeter.

The diffused radon gas into the cup decays by the emission of alpha particle,
followed by two further alpha particle emissions of the short-lived decay daughters. As
alpha particles hit the CR-39 chip, latent holes will be produced on the chip's surface by
cracking polymer chains. After the assigned period (~60 days), the undamaged
remaining dosimeters were collected and detectors were taken out. The CR-39 detectors
are then chemically etched in 6.25 N-solution of NaOH at temperature of 98+2 °C for
fifty minutes [22-24]. During the etching process, the solution has to be stirred
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constantly to enhance the alpha particle tracks on the detector surface. Detectors were
then washed with distilled water and dried prior to microscope inspection. An optical
microscope, 200 times of magnification was used to count the number of tracks per cm?
occurred in each detector. Typical nuclear track etches picture displayed in Figure 3 as a
field microscopic view magnified 200 times.

Figure 3: The field microscopic view magnified 200 times.

The general procedure for counting the number of tracks is summarized by dividing
the CR-39 detector surface area into several assigned field of view each has an area of
7.4x107° cm™ [= nr? = 1t (4.85%107)?, where r is the radius of field of view] as shown in
Figure 4. We have examined ten, twenty, thirty, and forty field of view (region of
interest) for five detectors chosen arbitrary from the monitored zones. Then, the number
of tracks in each area was counted and the average of the measurements is obtained. It
was found that the total number of tracks per field for most of the measurements
performed on the detectors is roughly equal to the average value for that detector. The
deviation of each measurement from the average is found to be within the standard
deviation value. Hence, an average of ten field of views can be considered to be a
representative to the whole surface of the detector.
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CR39 detector m
_
Field of view

Figure 4: Schematic representation of field view on the surface of the detector.

In this study, ten field of views were chosen arbitrary to be representative of the
whole surface of each detector, and the number of tracks per centimeter-squared was
calculated. The obtained average of tracks of the ten fields of views for each detector
was used to calculate the radon concentration, Cg,, in units of Bq/mS. In calculating Cg,,
we have adopted the calibration used by the researchers at Yarmouk University which
based on Bristol university measurements [9, 13]. Thus, Cg, is calculated according to
the following equation [9, 13]:

¢ - Gitd

d,t )

where C|, is the value of the radon concentration in the calibration chamber which
is equal to 90 KBg/m® [9], t,, is the exposure time of detector in radon chamber which is

about 48 hours, d is the tracks density as measured on detector surface in units of
_ 31.7tracks
9.6x107*cm?

calibrated detectors in radon chamber, and f is the detectors exposure time to indoor
radon which is about two months of durations.

tracks/cm?, d, ((d 0 j ) is the density of tracks detector measured on

Finally, the annual effective dose to population was calculated using the conversion
factor value reported in UNCEAR 2000 report [4]. According to UNCEAR 2000 report,
the world average “’Ra concentration value of 39 Bg/m’ corresponds to an annual
effective dose to the population of about 1 mSv/y [4, 7].

In this study, the well known standard deviation method is used for calculating the
standard deviation error for each detector reading according to the following equations:

69



Leghrouz, Abu-Samreh and Awawdah

- : ©)

and

3)

where X is the average of the number of tracks, N, is the number of tracks in the

n
i™  field of view, n is the total field of views (10), and z N, is the total number of
i=1
tracks on each detector. The obtained uncertainty for all detectors was found to be
between 10-20 % [9].

It is worth mentioning here that the calculated standard deviation for all detectors
was found to be high (~40%). This is because such an error is obtained for a set of
detectors that were uncorrelated and the standard deviation error of the regional average
in this case has no physical meaning. Thus, this type of error will not be implementing
in the present investigation.

IT1. Results and Discussion

The present radon concentration levels data were obtained from 50 dosimeters
collected after 60 days. The rest of the distributed dosimeters were lost. The indoor
radon concentrations were calculated using equation (1). The main zones, the number of
detectors, N, and the range and the frequency of radon concentration levels of 50 rooms
selected from the monitored zones were exhibited in Table 1.
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Table 1.The range and the frequency of radon level concentrations of 50 houses and
classrooms selected randomly from the monitored zones in Dura district.

Zone N Range (Bq/m®)
0-50 51-100 101-150 151-200 Above 200
Frequency Frequency Frequency | Frequency | Frequency
Dura (Houses) 14 6 5 | e 1 2
Serieh 4 1 2 — 1 —
Muraysh 5 2 3 — - -
Dayr al Alasal 3 2 1 - — —
Beayt Mirsim 1 1 - — — —
Karmah 2 1 1 - - —
Salah Eddin School 17 4 9 3 1 —
Secondary Male 1 -—-- 1 — — —
School (Dura)
al.-Majd School 1 1 - — — —
Bayt al Rush School 1 - 1 - - -
aL. Kum School 1 - -—- 1 — —
Total 50 18 23 4 3 2

Statistical methods were employed to analyze the collected data. A summary of
minimum (Min), maximum (Max), average (Ave), and annual effective dose equivalent
to the population (Dy) of the measured indoor radon concentrations for each monitored

zone Dura district is exhibited in Table 2.
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Table 2. Max, min, Ave radon concentration levels (Bqm™) and annual effective dose
equivalent to the population (Dy) of 50 houses and classrooms selected from the
monitored zones.

Main Zone Radon level concentrations (Bq/m"* ) Dy, (mSv/y)
N Min Max Ave

Dura (Houses) 14 33 398 129 3.31
Muraysh 5 29 65 45 1.15
Serieh 4 47 174 84 2.15
Dayr al Alasal 3 39 80 55 1.41
Beayt Mirsim 1 55 55 55 1.41
Karmah 2 35 66 51 1.31
Salah Eddin School 17 29 154 72 1.85
Secondary  Male  School 1 95 95 95 2.44
(Dura)
al.-Majd School 1 45 45 45 1.15
Bayt al Rush School 1 64 64 64 1.64
AL Kum School 1 111 111 111 2.85

Total 50 29 398 83 2.13

As it can be seen from Table 2, the minimum indoor radon concentrations of about
29 Bg/m’ has been found in Muraysh zone; while the highest radon concentration level
of 398 Bg/m’ has been recorded in a storage room in a house located in central part of
Dura city. This is because the floor of the room is basically made of pure soil. This is in
agreement with the prediction that the highest output of indoor radon concentrations was
originated from soil. It is found that the indoor radon concentrations in the monitored
zones are lower than 150 Bg/m® in general (see Table 2). This value is below the radon
reference levels that range from 200-600 Bq/m® as recommended by ICRP [18], IAEA
[2,19] and it is also lower than the USA assigned radon level of 150 Bg/m® [20]. In less
than 5% of the houses radon concentrations were in excess of 200 Bg/m® where an
action is recommended by ICRP [18]. The overall regional average of radon
concentrations is about 83 Bq/m’.

In general, values of the radon concentrations that exceed the hazardous set values
were found in basements with concrete unpainted walls and having poor ventilation.
This might be due to the reduction of air flow rates which increases radon
concentrations. Very low radon concentrations of 29 Bg/m® have been recorded in a
large well-ventilated house. This confirms the importance of ventilation in order to
avoid radon accumulation to the unaccepted hazardous level. Furthermore, the
unpainted constructed houses from local stones were found to have the highest radon
concentrations. For instance, indoor radon concentrations of 247 Bq/m’® were recorded
in one of the houses constructed in Ngt Nouh.
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In view of the importance of the protection of the children in schools, about 21
classrooms distributed randomly among six elementary schools in this district were
monitored. The Min, the Max, the Ave, and the Dy of radon concentrations in
classrooms of the investigated schools are summarized in Table 2. It was found that
about 95 % of the classrooms have indoor radon concentrations below 100 Bq/m”.

In order to compare between the indoor radon concentrations results in classrooms
located in different floors, about seventeen classrooms were inspected in Salah Eddin
Secondary School in central part of Dura city. The obtained results of the indoor radon
concentrations for classrooms in the ground and first floors were presented in Table 3.

Table 3. Max, min, Ave, and dose equivalent of the average of indoor levels of two
floors in Salah Eddin School.

Main Floor Radon level concentrations (Bq/m’* ) D,
N Min Max Ave (mSyv)
Ground Floor 8 29 130 72 1.85
Second Floor 9 32 154 82 2.10
Total 17 29 154 78 2.00

By examining the obtained results of classrooms in Salah Eddin School (see Table
3); a significant difference in the mean radon concentrations between the floors has been
noticed. Besides, great variations within concentration values for rooms in the same
floor have been also observed. Clearly, the main reason behind such variations is the
poor ventilations. For example, indoor radon concentrations of 154 Bq/m’® have been
reported in the drawing room in the first floor, which is closed most of the time.

Comparing the school results with that of houses, we found that the average values
of radon concentrations in school are smaller than that of houses. This is mainly
attributed to several factors, among: Schools have walls and ceilings that are properly
painted and almost without any cracks. Besides, schools are well ventilated.
Accordingly, remedial efforts should be mainly focused on reducing the emanation of
radon from soil by sealing all cracks and joints between the floor and walls and the floor
cracks. Moreover, by increasing ventilation rates within homes air infiltration rates will
be increased too.

In calculating the annual effective dose equivalent to the population, we have
adopted the dose conversion factor in the UNCEAR 2000 report [4]. The annual
effective dose equivalent received by people in the investigated zones is found to vary
from 1.15 mSv/y to 3.31 mSv/y. The average effective dose equivalent to population for
the monitored zones is about 2.13 mSv/y in total. This is almost two times higher than
the assigned world average dose equivalent to population of about 1.00 mSv/y [4].
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IV. Conclusion

The obtained results for the indoor radon concentration levels in Dura district
indicate that not all the investigated zones are of high levels. The overall average radon
concentration levels in the monitored zones were found to be of the order 83 Bg/m® in
winter season. This corresponds to an overall average dose to population of 2.13 mSv/y,
which is higher by a factor of two than the value set by the environmental protection
agency [18].

In this study, it was found that ventilation plays an important role in reducing the
indoor radon concentration levels. The variation of radon concentration levels observed
in winter may be attributed to the changes resulted in the ventilation rates. Thus,
improving ventilation of these places will result in reducing radon concentrations.
Accordingly, remedial efforts should be focused mainly on reducing the emanation of
radon from soil as well as effective consideration to the ventilation of those houses is
strongly recommended.
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Abstract

Residual Urine Volume [RUV] provides essential information for investigating many
urological patients. The standard clinical method measures RUV using post-void catheterization
which involves risks of urinary infection, hemorrhage and trauma [1]. A new quantitatively
automated method of the bladder is introduced using MR images. The segmentation part of this
method is based on Multispectral segmentation in delineating water-like voxels. The quantitative
part estimates volume and surface area of the bladder based on the Divergence Theorem
Algorithm. The automated method was tested in vitro and in vivo with MR images. The in vitro
accuracy was approximately 3% while the in vivo accuracy was < 5%. The automated technique
was compared with the manual tracing and the catheterization techniques, where the correlation
coefficients were 0.997 and 0.976 respectively. This non-invasive automated approach is
introduced to measure a water-like volume in a timely fashion with a reasonable degree of
accuracy using MRI

Keywords: MRI, Quantitative, Segmentation, Residual urine volume, Bladder, Multi-
spectral analysis, Divergence theorem algorithm.

Introduction

Medical imaging technology has revolutionized the diagnostic imaging field by
introducing new imaging modalities such as X-ray computed tomography (CT),
ultrasound, and magnetic resonance imaging (MRI). These imaging modalities provide
digitized sectional (tomographic) cuts of an imaged object. Tomographic medical images
have afforded physicians tremendous success in diagnosing diseases. Essential
diagnostic information about relative location, size, and shape of anatomical structures
can be obtained from tomographic images.

A tomographic slice is made up of voxels (volume elements) with Ax, Ay, Az
dimensions that make a small cuboid. Every voxel has two parameters associated with it:
center location of the cuboid (x,y,z) and value. The center location corresponds to the
center position of the imaged volume element and the value indicates the information
representing the constituents of the cuboid. For instance, the voxel values in an MR
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image primarily represent proton density and magnetic relaxation characteristic of
tissues (T1 “spin-lattice-relaxation” and T2 “spin-spin-relaxation) of an imaged object.
Tissues with similar magnetic relaxation characteristic have similar voxel values, and
similarly, tissues with different magnetic relaxation characteristic have different values
in an image, assuming all tissues have the same proton density concentration.

Researchers have developed methods for viewing objects in 3D from tomographic
images. For instance, the Dividing Cubes Algorithm uses the (x,y,z) voxel locations and
the corresponding intensity values and generates a sextuple list of (X, y , y, ny, ny, n,)
coordinates for viewing purposes, where (ny,ny,n,) are the vector normal components at
the (x,y,z) surface location [2]. Other researchers have taken this further by estimating
the volume and surface area (Based on the Divergence Theorem Algorithm - DTA) of
the 3D objects from the 3D surface representation. The DTA algorithm was only
validated in vitro with computer models and CT data of inanimate objects [3]. This
paper takes this research even further by providing an in vitro and in vivo evaluation to
the developed automated technique using MRI images of the bladder.

The clinical importance of measuring the bladder volume is estimating the RUV,
which is defined as the volume of fluid remaining in the urinary bladder immediately
after micturition [4]. RUV provides essential information for investigating many
urological patients such as those with suspected neuropathic bladder dysfunction, urinary
incontinence, urinary tract infection, obstructive uropathic conditions, upper tract
dilation, vesicoureteral reflux, and prostatic enlargement[1, 5-7]. RUV estimation serves
as index of bladder function, and serial measurements of RUVs may indicate clinical
progress. The standard method used in a clinical environment to measure RUV is post-
void catheterization [1]. This method involves risks of urinary infection, hemorrhage,
and trauma to the urethra. Although, RUV can be estimated through other non-invasive
techniques such as the phenolsulfonphthalein (PSP) test, nuclear medicine, radiography,
or ultrasound [8-13], they either don’t provide enough accuracy or they use ionizing
radiation. Therefore, there is a need for developing a non- invasive technique that uses
non-ionizing radiation and most importantly provides an accurate measurement of RUV.

Methods

A special multispectral segmentation technique based on region growing was
developed to segment water-like voxels (e.g. urine). Then, a 3D surface representation
(pointlist) was generated from the segmented images using the Dividing Cubes
Algorithm [2]. The DTA algorithm was then used to estimate the volume and the
surface area of the pointlist [3] . The estimated results were then compared to the true
volumetric measurements (Figure 1).
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Figure 1: The flowchart of the main steps used in the automated technique. The T2
median filter was implemented only for the optimization section.

1- Segmentation Technique

The segmentation technique is based on multispectral analysis of the dual T2 spin
echo images [14-16]. The first echo is proton density weighted and the second echo is T2
weighted (Figure 2.A and 2.B). The scatter plot generated from the dual echo shows that
water like tissues (e.g. urine) have a separated cluster (Figure 2.C).
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Urine

I1sL Echo

Figure 2: The dual spin echo MR images. (A) The proton density weighted MR image. (B) The
T2 weighted MR image. (C) The scatter plot indicating the urine cluster. (D) Six views of
the 3D surface representation of the bladder (the shape of the bladder here is based on the
enclosed urine).

After masking out the background clusters (shown in Figure 3.A), a radial
histogram is generated from the scatter plot to determine the extents of the urine cluster
(Figure 3.C). The x-axis of the radial histogram represents the angle between a ray
(profile) emanating from (bottom left) until the extent of the scatter plot (right or top)
(Figure 3.B). The increase in the angle represents counter-clockwise rotation of the ray.
The y-axis of the radial histogram represents the area under profile (Figure 3.C). Two
prominent distributions appear in the radial histogram (Figure 3.C), the first distribution
with a maximum of M1 corresponds to the points of the non-urine clusters, and the
second distribution with a maximum M2 corresponds to the water-like cluster (urine
cluster). The width W of the second distribution is automatically estimated using the
gradient descent technique. It approximates the extent (width) of the urine cluster
perpendicular to the radial direction at angle M2. An annulus geometrical region of
interest (ROI) was used to delineate the urine cluster automatically. The boundaries for
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the annulus ROI were defined by T1 and T2 thresholds, and the boundary of the
background cluster (Figure 3.D). Furthermore, a profile is drawn through M2 to find the
center of the urine cluster (Figures 3.D and 3.E). The center of mass for the voxels
corresponding to the center of the urine cluster is used as a seed for the region growing
segmentation technique (Figures 1 and 3.F).

xl

Seed

Figure 3: The main steps in generating the radial histogram and the annulus parameters
to the urine cluster and the seeds to region growing segmentation.
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The Dividing Cubes Algorithm is used to generate a pointlist of the segmented
urine voxels. Then, the volume, the surface area, and the normalized shape index of the
urine pointlist were estimated based on the DTA, as follows:

Surface Area = ZAa[ :Z [MUINCJ Eq(l)
where Aa, = (AxAy) if n_, is the maxmimumunit normal component, MUNC
nzi
Aa, = (AvAz) if n,; is the MUNC
b,
g, =B s the MUNC
n\ti
Volume = kax,.nxiAa,. + kyz yin,Aa, + kzZz,.nZ,.Aa,. Eq)

wherek, k k. arethe weighting facigors and their sum equals to one

Normalized Shape Index=

JJSurface Area ( 1 j
Eq(3)
Yvolume  \2.199

The automated quantitative technique was then evaluated in vitro and in vivo using
MR imaging modality.

For optimizing the automated method, a special T2 medial technique was developed
to reduce the spread of the clusters within the scatter plot while preserving the T2
property between the two echoes. The intensity of the MR signal in the second echo

TE2 TE,

— T2 — T2
S, =S,e , is related to the MR signal in the first echo S =8 by the
_(1E,-TE,)
— T2
following exponential equation S, =S

Where S is the proton density and TE; and TE, are the time to echo in MR images
and are constants, solving for T2

_TE, - TE,

B

The median of T2 values calculated using Eq 1 determines the location of the
filtered values for the 1* echo image and the 2™ Echo image. Thus T2 property is
conserved in the dual echo images for voxels from corresponding locations as shown in
Figure 4 [15].

T, Eq(4)
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Figure 4: The main steps of the T2 median Filter.
2-Evaluation of the Technique
2.1 In Vitro Evaluation

For in vitro evaluation, a scale with precision of 0.1 cc, was used to weigh ten water
balloons before and after injection with distilled water (note that mass equals volume
since the density of distilled water 1.00 g/cm®). The difference in weight of the before
and after measurements was assumed to be the true volume of water in a balloon. Then
these ten water balloons of different volumes ranging from 25 to 1,000 cc were scanned
on a GE Signa 1.5-T machine using a dual-echo, multi-slice, T2-weighted spin-echo
pulse sequence. TE;, TE,, TR which are conventional MR pulse sequence parameters
were 30, 80, 2000 msec respectively, the number of excitations (NEX) was equal to 2,
and the slice thickness (ST) was equal to 5 mm. The MR data was segmented and 3D
surfaces (pointlists) were generated for the water balloons. The DTA volume
measurement based on Eq (2) of the pointlist was compared to the true water volume.
The DTA algorithm was also used to estimate surface area based on Eq (1). The
normalized shape index (NSI) was also calculated using Eq (3) based on surface area and
volume measurements.

2.2 In Vivo Evaluation

For in vivo evaluation, the urinary bladder of nine normal subjects was scanned
using a sagittal dual-echo, contiguous multislice, T2 weighted spin-echo pulse sequence
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(Figure 2). TR, TE,, and TE, ranged from (2,400 to 3,500), (20 to 30), and (80 to 120)
msec, respectively. NEX was equal to 2 and the voxel aspect ratio of 1:1:4 were fixed
for all studies. To reduce the amount of urine formed during scans the subject fluid
intake was restricted for at least 2 hr before scanning.

The MR imaged bladder volume for eight subjects was segmented by manually
tracing the boundary of the urinary bladder. Then voxel counting technique was used to
estimate the bladder volume. This estimation was then compared with the measurement
obtained from the automated method.

In addition, the developed method was used to calculate the volume, surface area,
and normalized shape index of each urinary bladder. The excreted urine was measured
volumetrically using a graduated cylinder with a precision of +/-5 cc and was compared
to the MRI calculated pre-void volume. The assessed pre-void volumes were corrected
for the effect of the urine formed during the MR scan using the following linear model:

V

pre—void

=V, +fRt, Eq(5)

where V, is the volume of the urine in the bladder before the start of scan, f is the
fraction of urine formed and imaged during the scan, R is the filling rate of the bladder
[cc/min], and t; is the pre-void scan time and is equal to 12:48 minutes. The excreted
urine volume after the first scan can be estimated using similar linear model as follows:

EUV=V +Rt —RUV Eq(6,
where RUV is assumed zero for normal subjects. By substituting Eq 5 for V, into
Eq 6, EUV was estimated by Eq 7.

EUV=V,+(1—f)Rt, Eq(7

In addition, the volumetrically measured EUV was compared to the calculated pre-
minus post-void urine volume. The assessed pre and post-void volumes were corrected
for the effect of the urine formed during the MR study also using a linear model as
follows:

I

post-void = R UV+ R (f ts + tp) Eq(g/
where t, is the preparation time between the pre-void and post void scan and is estimated
to be on the average 3 minutes. Using Equations 5, 6, and 8, the EUV was estimated

using both pre and post void MR scans.
prevoid ~ 4 =EUV-R (ts + tp) EQ(Q/

postvoid
Furthermore, the urinary bladder of eight patients with prostatic enlargement was
scanned once (pre-void). The scan was acquired on a Signa 1.5-T machine using sagittal
dual-echo, contiguous multislice, T2-weighted spin-echo pulse sequence. TR was equal
to 3 sec for all patients. The echo acquisition times were fixed, 20 msec for the first
echo and 100 msec for the second echo. An attempt was made to restrict fluid intake for
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at least 2 hr before the scan. However, in four of the eight patients, this was not
possible. These four patients underwent other urologic tests that require a large quantity
of fluid intake. Immediately after the MR scan, each patient was asked to void and
following voiding, each patient was catheterized. The collected voided and catheterized
urine volume (CUV) was measured volumetrically using a graduate cylinder (precision
+/- 5 cc). The developed technique was used to calculate the pre-void urine volume for
each patient. The estimated RUV was compared with the volumetrically measured CUV
for each patient.

3- Optimization of the Technique
3.1 Scan Time Reduction

To test scan time reduction that leads to urine formation reduction, two normal
subjects were scanned twice as described above. However, the first scan was acquired
with NEX =2 (12.48 min) and the second scan with NEX = 1 (6.24 min). The excreted
urine volume was measured with a graduated cylinder and was compared with the
calculated pre-void volume (for NEX = 1 and 2) obtained from the automated method
for each subject.

3.2 ROI Geometrical Shape

The performance of three different geometrical shapes of ROI (slope, annulus,
ellipse) were used in multispectral segmentation then compared in 11 normal subjects in
order to evaluate which ROI provided the most accurate measurement of urine volume.

3.3 Image Processing Filters

The scatter plot of the middle slice from eleven normal subjects was used to
investigate the reduction in the spread of the urine cluster caused by spatial filtering [15].
Three different spatial filters (Gaussian, median, and T2-Median filters) were applied to
the dual-echo MR images. A rough ROI of the urine cluster in the scatter plot for both
non-filtered and filtered dual-echo images was first outlined. Then, a standard automatic
shrink-wrap technique was applied to the outlined ROI. This technique shrinks the size
of the ROI and provides an outline containing the points within the cluster based on a
simple background threshold. The percent change in the area and the maximum
intensity value of the points within the standard ROI were used to indicate the cluster
spread reduction in the scatter plot of the filtered to the non-filtered data.

Results and Discussion
1. In Vitro Validation

For the in vitro validation, the accuracy of the volume measurements using MR
data was approximately 3% as shown in Table 1. The accuracy was determined by the

mean error ((1_0'968)X100% - 3%) and the precision was estimated by the
standard deviation of the calculated versus true volumes. Although the accuracy was
high, but part of the error was due to the vibrations of water within the water balloons
inside the MR scanner. Also, the high accuracy of the technique was due the usage of
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somewhat ideal objects. The water balloons provided good in vitro simulation of the
bladder, however they are inanimate objects and not surrounded by real human anatomy
which can cause inter-tissue MR relaxations. The accuracy of the NSI for the water
balloons indicated the shape was not convoluted, but somewhat spherical (approximately
1). This confirms that the NSI may provide diagnostic information to urologists who are
familiar with the shapes and the sizes of normal or abnormal bladder.
Table 1: In Vitro Validation of The Technique Using MRI Data of Different
Size Water Balloons

Multispectral Segmentation
Cal.Vol.

True Vol. Cal. Vol. NSI
True Vol.

22.8 21.6 0.947 1.192
45.8 43.8 0.956 1.081
68.8 65.8 0.956 1.062
95.8 914 0.954 1.065
144.5 137.0 0.948 1.023
180.3 177.0 0.982 1.051
373.6 368.7 0.987 1.041
535.6 526.2 0.982 1.038
702.6 691.8 0.985 1.037
891.0 870.8 0.977 1.039

Mean = 0.968 1.063

%SD = 1.63% 4.84%

Measurements are in [cc] and NSI stands for the normalized shape index

2. In Vivo Validation:

For the in vivo evaluation, correlation coefficient between the automated method
and the manual tracing technique in estimating bladder volume for 8 subjects was 0.997
as shown in Table 2. Table 2 indicates that the accuracy of the automated technique in
comparison to the manual tracing technique was < 1%. The precision of the manual
tracing technique was approximately 5%. This slight increase was due to the inter- and
intra-slice user variability in outlining the boundary of the urinary bladder.

Furthermore, for the in vivo validation with normal subjects, the accuracy and
precision of the pre-void to the excreted urine volume measurements were < 5% as
shown in Table 3. The accuracy was < 1% after the correction for urine formation
during the MR scan. Unlike the pre-void data, the accuracy and precision were poor for
the pre-post void to the excreted urine volume measurements as shown in Table 4. The
correction of urine formation showed better results yet they were still worse than the
results in Table 3. This was partly due to the lower quality MR images of the urological
patient who had difficulty staying in the MR scanner during the acquisition. These
images showed artifacts due to patient motion in the MR images which led to poor
estimation of bladder volume. In addition, the additional estimation of parameters in Eq
(9) led to increase possible error. Therefore, scan time reduction which reduce the
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patient discomfort in the MR scanner may lead to improve the accuracy of the automated
method.

Table 2: Comparison Between The Developed Technique and Manual Tracing

Manual - Developed  Diff _ Developed | Lot ool el
Tracing [ce] [ccl  Manual Tracing Tracing Techniques

551 523 28 0.949

128 135 -7 1.055

632 598 34 0.946

353 334 19 0.946

255 260 -5 1.020 R% = 0.997

78 81 -3 1.038

353 357 -4 1.011

67 70 -3 1.045
Mean = 7 1.001

SD = 17 4.70%

Table 3: /n Vivo Validation of The Technique Using the Pre-void MR Data for
Normal Subjects

EUV  Vpre- NSI V pre-img R EstEUV Est. EUV
[cc] img [cc] EUV [cc/min] [cc] EUV
475 443 1.126 0.933 5.33 457 0.962
380 382 1.410 1.005 -0.33 396 1.042
180 172 1.290 0.956 1.33 186 1.033
240 239 1.099 0.996 0.17 253 1.054
310 279 1.124 0.900 5.17 293 0.945
220 191 1.097 0.868 4.83 205 0.932
353 342 1.159 0.969 1.83 356 1.008
460 455 1.217 0.989 0.83 469 1.020
258 252 1.133 0.977 1.00 266 1.031

Mean = 1.184 0.955 2.241 1.003
SD% = 10.5% 4.6% 2.244 4.5%

The bladder filling rate R is estimated as (EUV - Vpre)[cc]/ 6 [min]
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Table 4: In Vivo Validation of Technique Using Pre And Post-Void Data For The
Normal Subjects

vV
EUV [cc] Vpre [cc] Vpost[ce] NSI e R [co/min] CSLEUV Est. EUV
CcC pre |cc post |cC EUV cc/min [CC] EUV
[cc]
475 a3 33 1091 0.832 535 31 0907
380 382 10 1592 0979 0.52 408 1.074
180 172 8 1294 0911 1.09 200 1111
240 239 14 1403 0938 0.97 262 1.092
310 279 26 1185 0816 3.77 290 0.935
220 191 12 1323 0814 273 215 0.977
353 342 45 1507 0.841 3.73 333 0.943
460 455 T 1443 0965 1.09 480 1.043
258 252
Mean = 313 2 1355 0.887 2.406 1.010
SD= 110 16 0166  0.069 1751 0.079

The bladder filling rate R [cc/min] was estimated using Eq (9)

The mean value of the NSI for the nine normal subjects indicated that the shape of
the urinary bladder was slightly deviated from the spherical shape. The precision of the
NSI measurements revealed 10% variability in the shape of the filled urinary bladder for
the tested normal subjects.

Correlation coefficient between the unsupervised method and the catheterization
technique in estimating RUV for 8 urological patients was 0.976 as shown in Table 5.
The mean and standard error difference between CUV and RUV was possible within (u
+ 6 =14 %+ 23 cc) as shown in Table 5.

Table S: Estimation of the Residual Urine Volume For Dysfunctional Voiders With

MR Modality
Correlation
Patient PEES] Vp[r;‘]"’id NSI lﬁg’ CUV[ece]  Diff [ec] g;’fﬁc‘gf‘;w
& CUV
1 520 523 1.115 65 87 -22
2 173 135 1.201 24 30 -6
3 340 598 1.129 320 378 -58
4 240 334 1.124 156 140 16
5 280 260 1.131 0 10 -10 R2=0.976
6 70 81 1.369 25 30 -5
7 340 357 1.100 31 62 -31
8 70 70 1.259 14 10 4
Mean = 1.179 -14
SD = 9.35% 23
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3. Optimization of the Technique

The results indicated that the error in the accuracy for both NEX =1 and NEX =2
were < 5%. Since scan time depends linearly on NEX, this indicates that the scan time
can be reduced by half (using NEX = 1) and may still lead to acceptable accuracy and
precision. This also opens the door for using even faster MR pulse sequence such as the
fast T2 weighted spin echo.

The annulus ROI used in the scatter plot produced the most accurate and precise
measurements over the ellipse ROI or the circle ROI. This was expected because the
annulus ROI simulated the MR tissue T2 window in the scatter plot.

Furthermore, applying a spatial filter to the original images produced a reduction in
the spread of the urine cluster regardless of the filter used. However, the percent mean
change in the cluster area within the ROI decreased for filtered data in comparison to
non-filtered data. Also, the maximum intensity of the pixels within ROI increased. The
reduction in the cluster area and the increase in the maximum intensity were a measure
of how well the spread of the urine cluster was reduced. The T2-median filter
introduced the greatest reduction in the spread of the urine cluster.

Implementing the suggestions in the optimization steps should lead to a more
accurate and reproducible technique. The initial work on scan reduction should reduce
the urine formed during MR scan thus improve accuracy. The T2 median filter also
showed a promise in reducing the urine cluster and better improves the reproducibility of
the technique in comparison to other conventional image processing filters. This
technique indicated that the annulus ROI in the scatter plot provided better segmentation
results than other ROI shapes. Further investigation is still necessary to validate the
above optimization suggestions.

Conclusion

The automated method demonstrated the ability to calculate volume of in vivo
water-like fluid such as bladder content with a high degree of accuracy and precision.
The in vitro validation showed an accuracy of %3 and the in vivo RUV validation
demonstrated an accuracy of < 5%. This technique introduced a new way to extract
information based on MR parameters in analysing the multispectral scatter plot. The
technique used non-ionizing MR imaging modality with a conventional pulse sequence.
Therefore, the data can be acquired readily on any 1.5 Tesla MR scanners. The
quantitative analysis was based on the DTA which for the first time was validated with
in vivo MR images.

In summary, the automatic technique provided not only quantitative volume
measurements but also the surface area and the normalized shape index of the bladder.
Further investigation should be conducted to demonstrate the possibility of these
biomarkers in the diagnosis of dysfunctional bladder.
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Abstract

In the present paper, we study some direct results in the (Lp)-approximation by linear
combination of Szasz Baskakov type operators. The estimate of error in the approximation in term
of higher order integral modulus of smoothness is obtained using the device of Steklov means.
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Introduction

Gupta et. al [2] introduced Szasz Beta operators defined as:

B.(7:5)= 30, ()] ., ()1 )

(1.1) , where xE[0,00),
e (nx)” 1’
=————and b, (¢)=
qn,u (‘x) U! an n,u( ) B(U+1, I’l)(l +t)n+u+l B(U+1,I’l)
[(v+1)0(n)
being the Beta function given by F(n tu+ 1) . In view of the definition of the Beta

function we have

bn,u (t) = nan,u (t)’ Where pn,u (t) =

n+ov+1
v

]t“ (1+ t)_(”“’)

We may also write (1.1) as:
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B,(f(eyx)=[w,(x,0) /@), [ eL,[0,0)

(1.2) 0 , where

nZQI’lU pn+1u()

We note that, howsoever smooth the function may be, the order of approximation
-1
by these operators is, at its best, of the order Oln . To improve the order of
approximation, we apply the technique of linear combination to (1.2) as described by
May [5] and Rathore [6] for a sequence of linear positive operators. Our approximation
method has the form

p=1,xe[0,0)

and

kazzk:c dnfx)

, where

(1.3)

k d.
:Hﬁ , for k#0 and C(0,0)=1
i=0 d; —d;

J t

dy.d,,...

and 4y are (k + 1) arbitrary, fixed and distinct positive integers.

In what follows, we have used the notations as below:
O<a, <a,<a,<b,<b,<b <o, I, =[a,b], i=123
BV ([a,b])

Let

and [A] denote the integral part of B , also, let denote the class of

functions of bounded variation on [a’b]. The semi-norm " ”B VA1ab) i3 defined by the

total variation of / on [a,b]‘ Furthermore, C denotes a positive constant not
necessarily the same at each occurrence.

The aim of this paper is to proof the following theorems.

THEOREM 1.1. Let fe LP [0,), p> 1. If f has 2K +2 gerivatives on 1,

e e gfry) SO el (1)

, then for all 7 sufficiently large

with f and
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18,70 11,y < M), )

,where

k" is a constant independent of / and 7.

THEOREM 1.2. Let f ELl[O’OO)’ If f has 2k +1 derivatives on Il with

(2k) (2k+1)
f € A-C-(l 1) and f €B 'V‘(] 1 ), then for all 7 sufficiently large

”Bn (f’k")_f”Ll(Iz) =M, n_(kH) i‘f@kﬂ) BV (1)) +Hf(2k+l) L(1,) +||f||L1[0,°0)}

,where

k" is a constant independent of / and 7.

>
THEOREM 13, Let | € Lo0:%) . P21

18,7k 11, <M, o (o o1 o], )

where

. Then for all 7 sufficiently large

k" is a constant independent of / and 7.

2. (Lp)-Approximation

In this section, we shall proof the three theorems stated in section 1. In the
sequel, we shall need the following lemmas:

I<p<w feL,[0,x)

Lemma 2.1. Let . Then, for sufficiently small n> 0, the

h
Steklov mean f””” of m' order corresponding to / is defined as:
nl2 nl/2
— m—1
fral = [ o [l GOy o )i, .o,
/2 2 where
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m

h:Zui

mn th
ue 11 R i=l and Ah f (u) is the ™ order forward difference of the

function / with step length h Then, we have

(m-1) (m)
fq 11’ fi],m EAC(II) and fi],m

M has derivative up to order " over

(1)
L, (1),

exists a.e. and belongs to 7

(i) Hf”(r”)’ L (I)SMV U_rwr(faﬁ’l?,fl), 7":1,2,...,1’11
ii p\f2 :

(iif) Hf o

(iv) Hf"""

73!
v)

Lp(lz) SMm+1 wm(f”]’p’ll)'

i) S Mo )

-m
< Mm+377

f”Lp(Il)

£, (1)
where 4C([a,b])

[a’b] and M,'s
.

stands for the class of absolutely continuous functions on

are certain constants that depend on ! but are independent of / and

The proof of this lemma easily follows from application of [4,Theorem 18.17].

Lemma 2.2. If for ¥ € NV ’ (N ’ being the set of nonnegative integers)
T ()= (1= 1) 20,0, ()| P () = )"
v=0 0

Then,

TrnO(x)zl’ Trnl(x):M’n>r+l
h o n—r—1 and

(1= m =1 ()= 2T () [ 12 1) (e = T

+ ZmX(x + 2)Tr,n,m71 (x)
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Hence,

(@)

(x)— (n+r2 +3r+2)x2 +(2n+2;’2 +6r+4)x+(r2 +3r+2)
n,2 -

T
N (n—r-1)(n-r-2)
..T.(x), _ - - o
@iy " is a rational function in " and a polynomial in * of degree ",
_ —[(m+1)/2]
(iii) For every re [O’OO)’ Tr,n,m (x) - O(n " )

peN

Lemma 2.3 [3]. For and " sufficiently large there holds

B, ((—x)" k,x)= n 0 {0(p, ke, x) + o{1)}

where Q(p ,k,x) is a certain polynomial in X of degree P oand *E [0’ OO)
arbitrary but fixed.

is

Proof of Theorem 1.1. In view of the assumptions of / , for xel, and tel

e eyl LA
Hence, we can write |
2.1 A
Y e (A CTA
)
whee M0 i e  chamcterisic  funcion  of /1 and
Fle)= 1)~ 32 0

, for all t €[0,0) and XEIZ.
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Operating on this equality (2.1) by ( k, x) and breaking the right hand side

into three parts 2,2
side of (2.1), we have

<Cn k+l(

2 and 2 , say, corresponding to the three terms on the right hand

2k+2
A

"(IZJ, in view of Lemma 2.3 and

[1].

h f 2k+2 I
Let / be the Hardy-Little wood majorant [8] of on “1. Then using
Holder's inequality and Lemma 2.2, we get

[ j' 2k+1 2k+2 )dW X}

<B, (¢(t)|t - x|2k+1 j- ‘f(Zk”)(dew, x j

< B, () -x/*|n, (t)(,x)

< {8, (== g0} ., ) o0
, (t)r’dt}”p

Hence, by Fubini's theorem, Lemma 2.3 and [9, p.244] imply that

N 1/p
||J1||Lp(12) <Cp {J‘(J‘W x,t dx}‘h 1 }

hf (tj‘L[, (1)

f(2k+2)

by
< Cp ) (IWn (x,2)

aq

< Cn—(k+l)

<C n—(k+1)

L, (1)

Consequently,
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—(k+1)
L) <Cn

”22 f(2k+2)

L, (1)

For te[(),oo)\[al,bl] xel |I—X|Z5

which gives us

and 2 there exists a 0>0 such that

2k+1

(5 '
B (P-4 B, (0 e—a ) 5 ]( L (oo

=J,+J

3 say.

Applying HOIAer's jnequality and Lemma 2.2, that
1/ p

AR A VO

Again, applying Fubini's theorem, we get

||J2 Lp(]z) = Cni(kﬂ) ||f||L[,[0,oo) )

Moreover, using Lemma 2.2 and [1]

il <€ (1A g

o)
Lpuz))

Therefore,

2.0, < 7 (U1, .+ L

Combining 2, -2 , the result follows.

Proof of Theorem 1.2. By the hypothesis, for all xel, and for tel

_2k+l(t_x)i (i) 1 0 V2R (2k41)
0= 2= 1 O [ ™ (w)'
Hence,
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f(t) _ Zkzﬂ(t — x)l f(j)(x)+ (2k1+ 1)!j(t _ W)2k+1 df(2k+2)(W)¢(t)

where ¢(t) is the characteristic function of 11 and

, for almost all xel, and for all telo, OO).

Thus

! 2k+1) "
: (2k+1)

B, der)- 1= 5L g (ke L (¢(t)j(t e
xdf 2 (whdw, k,x) + B, (F(t, x\1 - §(¢)) k. x)

:A+@+AJW

LI(IZ))

Applying Lemma 2.3 and [1], we obtain

0, 2 €0 (111 0+

To estimate * 2, we consider

K=|B, (J’ (t _ W)2k+1 df(2k+l)(W)¢(t), x]
* Ll (12)
b, b t
< j jWn (x,2)|t —x|2k+l de(Zk”)(wX dtdx

Following the proof of Proposition 2.2.5 [7, p.50-52] we obtain
< —(k+1) H (2k+1)
”JZ”Ll (1,) — Cn f BV .(I))

For all te[O,oo)\[al,bl] and all xel
|t—x|25

2, we can choose a 6>0 such that

, then
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by o
(Fx) =), ) < [ [l ()1 - gle))dex
a, 0
2k+1 1
2 l' Mr x| #(t))ddx
=J,+J; say.
For sufficiently large ! there exist positive constants M, and C' such that
( _x)2k+2 ,
7 41 7 ¢ for all t=2M,,xel,

By Fubini's theorem

i

a

(1) (1= @(¢))doxu

Jri

=J,+J

D —_—

7, say.
Now, using Lemma 2.3

M, b,

To =8 [ [w,(x,0)

0 a,
M,
<Cp Y [ “f(tldt}
0 ,and

w b )2k+2

JIW X1 P22y |f Xdth

Mo a

(t) (e —x)*"** dxat

<cn T|f(z)| dt

MO
Hence

Joscnt ],

L Ooo)
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Further, using Lemma 2.2 and [1, p.5] we obtain

e (T T

The above estimates of J4 and J5 lead to

Wil < €1 (Ul +r

The result follows.

Ll(lz)]

t th
Proof of Theorem 1.3. Let f '7°2k+2( ) be the Steklov mean of (2k+2) order

corresponding to / (t) where 7~ 0 is sufficiently small and / (t) is defined as zero

outside [0,%0) . Then we have
)_f”Lp(Iz) = Bn(f_fn,zkuaer
fn,2k+2 _fHLp(lz)

n (fq,2k+2 > k,.)— fq,2k+2

L,(1,) L,(1,)

=X +2, +23’Say_

Letting ¢(t) to be the characteristic function of 1 , we get

((f fnzm)(f ) (()(f fqzm)(f ) (1—¢(f))(f—fq,2k+z)(f)=x)

=2, +X

3, say.

=1

, for

Clearly, the following inequality holds for p p>1

Holder's inequality

it follows from

by by

j|z|dx<j [, (x.0)

a a3

2 )0 drx.

Using Fubini's theorem and Lemma 2.3, we get

D B Ve
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>1

Proceeding in a similar manner, for all p=

||25||LF(1 <Cn (k1) ‘f f772k+2

000)

Consequently, by the property (iii) of Steklov means, we get
(k+1)
Zlﬁc(wzm(f,??ap, +n " | 000))

Since
2k+l 2k+l
q 2k+2 = ;7 2k+2

By Theorem 1.1 and 1.2, for all p=zl there follows

e M)

< C n_(kH) (77 _(2k+2) a)2k+2 (f 77 p’ + ”f” »[0,0) )

k+1 2k+2
X, <Cn (Hf;; 2+2

in view of the property (ii) of Steklov means.

Finally, by the property (iii) of Steklov means
< szm(f,f?,}?,ll )

_ o -1/2
Choosing h=n , the result follows.
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Abstract

Dialkylprop-2-ynylamine N-oxides (4) undergo thermal rearrangement to prop-1,2-dienyl-N-
hydroxylamines (5) .The rearrangement proceeds by a concerted [2,3]sigmatropic mechanism. The
O-allenylhydroxylamines themselves are unstable and undergo a second rearrangement giving
acrolein and imine .The second rearrangement proceeds by a concerted mechanism with 1,5-
hydrogen migration.

Keywords: Acetylenic amine oxides ,Thermal rearrangement of N-oxides.
Introduction:

Tertiary amine oxides are a class of compounds that posses pharmacological values.
A number of acetylenic amines have been found to be pharmacologically active
compounds and their chemistry and pharmacology have received considerable attention
[1-3].N,N-dialkylaminobut-2-ynylsuccinimides 1 are structurally related to oxotremorine
2 and regarded as specific anticholinergic agents [2].

/ ¢
N——CH,——C =C—CH, N\ N—CH—C=—=c—CHh, N<j
| "

1 2

Moreover,various prop-2-ynylamines that are used as drugs and pesticides exhibit
diverse pharmacological effects [4]. They are among the most studied irreversible
inhibitors of mitochondrial monoamine oxidase (MAO). Besides carbn oxidation ,N-
oxidation was found to be an important route during metabolism of this class of
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compounds with the formation of the corresponding acetylenic amine N-oxides as
distinct metabolite [5]. However ,acetylenic amine N-oxides are thermally unstable and
undergo a rearrangement to O-allenyl- hydroxylamines thus the metabolic reaction of
acetylenic amines is sometimes complicated [6] .A number of acetylenic amines are
prepared and converted into the corresponding N-oxides and their rearrangement is
described in this work.

Results and Discussion :

N , N - dialkylprop — 2 - ynylamine N-oxides (4) undergo a novel thermal
rearrangement when heated in an inert solvent or injected into a gas chromatograph
producing prop-1,2-dienyl-N-hydroxylamines (5) (scheme 1) .

R R -R
N o .~ \/ =N
i N_HZC—CEC—R'L> . N—H,C— CEc—R'—>A ; N—O0— C=C=<CH,
e i S |
R
3 4 5

RN

: N— =2CHj,piperidine,2-methylpiperidine,3-methylpiperidine,

AN R 4-methylpiperidine,2,6-dimethylpiperidine,morpholine.

R'=H,(CH,);CHj;,C(CHj3);,phenyl

Scheme 1

The acetylenic N-oxides(4) are indicated by the band near 950-940 cm™ due to N-O
bond stretching while the rearrangement product (5) shows a sharp band near 1950cm™
due to the asymmetric C=C=C stretching vibration [7].

Mechanism of the Rearrangement :

The thermal isomerization of the acetylenic N - oxides 4 to O-
allenylhydroxylamines 5 can be envisaged to proceed by an intramolecular cyclic
mechanism in which the reaction is initiated by thermal nucleophilic attack of the
electron — rich oxygen on the terminal acetylenic carbon (Sy;,scheme 2).

N / 0/\

e /R' --R
' + C .
/N\\C '/C_% L e \N_O—C=C=CH2
TR ne” I\\‘R/ |
R'
4 5
Scheme 2
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The rearrangement is an example of [2,3] sigmatropic migration which has been
reported to occur in other acetylenic compounds for example in the sulphinates and
sulphenates [9a],the sulfoxides [9b], the ammonium ylids [9¢c] , and the selenoxides [9d].
Furthermore ,deuterium labeled variant of 4, the N-oxide 6 , gave only the allenic
product 7, which contained all of the N- oxide deuterium content of the label (scheme 3),
thus clearly pointing to the intramolecularity of the rearrangement.

N/ C/D
(C% - N_O_T=C=CH2
CH/
? D
6 7
Scheme 3

The allenylhydroxylamines 5 are themselves unstable compounds and undergo a
second rearrangement related to the [1,5]hydrogen shifts and analogous to the
electrocyclic thermal elimination of ethers of and xanthates [8] (scheme4) .

/H
\T\l> HC=——=C=—=CH ‘H\ ——CH=——=cH \
Q/C b / ——CH, + N

(0)

5

Scheme 4

A notable example in this context is the antidepressive drug pargyline (N-benzyl-N-
methylprop-2-ynylamine)which is converted to the corresponding N-oxide by
biooxidation in mammal liver microsomal preparations [10].Oxidation of pargyline with
m-chloroperbenzoic acid gave pargyline N-oxide in high yield .

When pargyline N-oxide (8) is refluxed in ether , THF, or CCyy,a substantial amount
of N-benzylidinemethylamine is produced [11,12] .

A possible mechanism for the formation of N-benzylidinemethylamine can be
rationalized through two consecutive rearrangement (scheme 5.).The second
rearrangement yields the imine and propenal (acrolein)
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@C KZ‘O _,@ H_O —»Hac—N=CH~® +Ho>c—c14=c5

B

Scheme 5

Conclusion :

As prop-2-ynylic N-oxides can be expected as metabolites to various prop-2-
ynylamines used as drugs and pesticides a knowledge of the chemical properties of the
N-oxides can help explain some of the diverse pharmacological effects seen with these
amines * . The ease with which the N-oxides generate propenal might be of utmost
importance in evaluating their toxicity.

Experimental :
General Procedure for the preparation of Acetylenic Amines (3):

Propargyl bromide (0.3 mole)was added to a solution of the secondary amine (0.6
mole) in 100 ml of dry ether with cooling and stirring .The reaction mixture was stirred
under reflux for 10 h. The salt (secondary amine hydrobromide) was filtered and washed
with ether .The ether was stripped off and the residue was distilled giving pure
acetylenic amine (scheme 1.R=H).For acetylenic amines (scheme 1,R = [(CH));
,C(CH3); ,ph] the following procedure was followed .The acetylenic compound and the
secondary amine(0.3mole) were mixed .The mixture was cooled to 0C® in ice - bath and
paraformaldehyde (0.36mole) and CuCl(0.06 g) in peroxide-free dioxane(20ml)were
added .To the cooled reaction mixture was added glacial acetic acid (5ml) dropwise with
shaking .The temperature was raised slowly to 90° and kept there for 2h.After cooling
water (100ml) was added and the reaction mixture was acidified to pH 1 by dropwise
addition of 1:1 HCI and extracted with two 50 ml portions of ether .

The aqueous layer was made alkaline with saturated solution of sodium carbonate
and extracted with six 30 ml portions of chloroform. The residue obtained after
evaporation of the solvent was passed through a column of alumina and eluted with ether
.Distillation of the residue in vacou gives pure acetylenic amines.

General procedure for the Preparation of Acetylenic Amine N-Oxides (4)

To a solution of the acetylenic amines 3 (0.1 mole) in 50 ml chloroform was added
with stirring a solution of m-chloroperbenzenoic acid (0.1mole) in 50 ml chloroform.

The mixture was stirred for 3h at 20C° and poured into a column of basic alumina
(10 times the weight of the oxidation mixture).Traces of unreached amines were
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removed by washing with chloroform and the N-oxide was eluted with 3:1 chloroform —
methanol. The solvent was evaporated in vacuo at 20-25 C° and the solid tertiary N —
oxide was washed with dry hexane.

Rearrangement of Acetylenic Amine N- Oxides :

A suspension of the acetylenic N- oxide in dry ether or dry CCl4 was stirred at
room temperature for 1h or until most of the solid disappeared .Traces of unreacted N-
oxide was filtered off and the solvent evaporated in vacuo giving a pale-yellow oil of the
rearrangenment product 5 which is kept at 0C® until used.
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Abstract

Detailed electron microprobe analysis of the spinel mineral group in andestic rocks from
southern Jordan; shows that the most abundant opaque oxides are titanomagnetite, ilmenite,
magnetite, and chromite respectively. Also showed that early formed spinels are highly enriched in
the series magnesiochromite — chromite (MgCr,O4; — FeCr,O,) in both compositional types
enrichment trend induced by solid—liquid or solid-gas reactions caused an overall increase in Fe
and Ti which produces the titanomagnetite, magnetite and ilmenite. The magnetite variety showed
clear exsolution features, in which ilmenite lamellae and other ilmenite crystals with core of
ilmenite and rims of magnetite. This might be attributed to the equilibrium during the
crystallization sequence process. Moreover, the estimated temperatures at which these oxides were
formed are variable and believed to be lower than 1300°C.

Keyword: Spinels, Ex-solution, Andesite, Crystallization, Titanomagnetite, Basement
Introduction and Geologic Setting

The northernmost Precambrian basement rocks of the Arabian — Nubian shield
(ANS) are exposed in southwestern Jordan. These rocks were formed during the late
Precambrian Pan-African event (1-0.5 Ga ago), [1, 2, 3]. They consist of metamorphic,
igneous and volcano-sedimentary sequences [1, 4, 5]. The ANS crust is composed of
several extrusive and sedimentary units separated by unconformities and were
subsequently deformed, metamorphosed and eventually subjected to intrusive
magmatism [6]. While [7] suggested that the crust of the ANS evolved by processes such
as orogenic episodes, [8] assumed that it originated through microplate accretion. [9]
Summarized the evolution of the ANS, suggesting that its formation began some 950 Ma
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ago with rifting, followed by sea-floor spreading and the initiation of subduction which
created a series of Juvenile Island arcs between 900 - 650 Ma ago. These island arcs
were welded together along ophiolite-bearing suture zones followed by large-scale calc-
alkalic magmatism, continental collision and accretion to the East Saharan craton [10,
11]. Moreover, [3] identified four stages of volcanism preserved in the ANS.

The crystalline basement of the Aqaba complex has been described in terms of
subduction related processes involving arc and microplate accretion [1]. [12] dated the
Aqaba complex between (565 - 620 Ma). [13] studied the oldest plutonic granitoids and
dated them to about 620 Ma using the Rb/Sr method. Crustal evolution and its relation to
the tectonics of the Arabian plate as well as late Proterozoic igneous activities were the
focus of several publications [1, 2, 3, 4, 15, 16].

The crystalline basement of Wadi Turban was intruded by several andesitic dikes
(Figure 1). These were the subjects of numerous studies during the last three decades.
However, none of them dealt specifically with its oxide opaques content. Therefore, this
is the object of the current geochemical investigation.
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Fig.(1):Simplified geologic map of the Precambrian basement in SW-Jordan. After
BENDER (1968).

Opaques are usually found as accessories in very low concentrations in all igneous
rocks, particularly in andesites. The main opaque oxides are chromite, ilmenite and
titanomagnetite. Chromite is usually one of the first phases to crystallize from mafic—
ultramafic magma, thus it is an important petrological and geodynamic indicator [17, 18,
19, 20]. For example, chromites in mantle peridotites are used to identify the tectonic
setting of host ophiolites [18]. Chromite has also been used to understand the origin of
magmatic sulphide deposits hosted in ultramafic rocks, such as the Jinchuan Ni—Cu-—
(PGE) sulphide deposit in NW China [21], the Sudbury Ni-Cu—(PGE) sulphide deposit
in Canada [22], and the Noril’sk Ni—-Cu—(PGE) sulphide deposit in Russia [23].
Moreover, [24] identified two types of chromite (i.e. homogenous and zoned) in the
Permian Jinbaoshan Pt—Pd—sulphide bearing ultramafic intrusion in SW China.

The opaque oxide minerals from this particular site were studied for the first time
using reflection microscopy and more than fifty electron microprobe analyses. The
results indicate that the studied rocks are chemically quite variable.
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Sampling and Analytical Methods

Thirty samples were collected from the dike in Wadi Turban (Figure 2). Thin
polished sections were studied under the reflected light. The chemical composition of 39
opaque mineral oxide grains from randomly selected samples was analyzed using an
ARL-GMX electron microprobe. The analytical conditions were 1x10 * mA, 25-50 nA
specimen current potential, 10 second integration time, and 20 kV acceleration potential:
SPI mineral standards were used for the calibration process. An integration time of 10
seconds was used and on-line data reduction was done on a computer using the Bence
Albee matrix at the University of Tiibingen, Germany. At least three determinations
were averaged from each quoted analysis.
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Fig. (3): Elemntal mapping showing exsolution tite and ilmeni

Results and Discussion

The petrographic investigation indicates that spinels are the most abundant opaque
mineral oxides in the andesitic rock. The abundant spinels are titanomagnetite, ilmenite,
magnetite and chromite, respectively. The opaque mineral oxides form 1-4 % of the
groundmass and occur as inclusions in feldspars and augites. The spinels are translucent
red to opaque, and occur as irregular, angular to round anhedral grains, which range in

| size from 0.02 —0.05 mm.
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Cr-spinels are from paragenetic point of view formed in early stages and complex
are in composition. They rarely exceed 0.5% of the rock by volume. Crystals of chromite
commonly occur as subhedral to euhedral crystals in the groundmass and as inclusions in
pyroxene or amphibole.

Magnetite grains occur as subhedral to euhedral crystals in the groundmass and as
inclusions in pyroxene. In reflected light, all magnetite crystals are anisotropic and
variable in color and reflection. But they are variably paler than the associated ilmenite,
which can be easily identified optically by its anisotropic color and pleochroism.

Ilmenite usually occurs as primary crystals in the groundmass or as exsolution
lamellae in magnetite, whereas the Fe and Ti-spinels were formed later than chromium
spinels. Figure 3 shows grains of magnetite and ilmenite, which clearly demonstrate the
exsolution. Figure 4 illustrates very coarse ilmenite lamellae set off by other lamellae in
an intersecting texture, and the development of another set along (111) plane. Figure 5
shows ilmenite lamellae that are filled by several generations of fine lamellae. Figure 6
shows subhedral crystals of titanomagnetite containing (111) ilmenite lamellae. These
titanomagnetite contains high initial values of Mg and Al. The zoning trend of these
ilmenites shows a sharp increase in FeO, while the TiO, decreases from rim to center.

Similarly in many ultramafic rocks [25, 26] ilmenites occurred as well developed
microcrystal (0.2 — 0.4 mm) inclusions in silicates and as abundant, anhedral crystals in
the groundmass. Furthermore, chromite occurs as a minor component. It is present as
coarse subhedral to euhedral grains interlocked in the silicate matrix.

Electron microprobe analysis results are shown in Table (1). Samples 1, 2, and 3
represent chromite, which has a particularly high chromium content ranging between
31.45 — 35.60% and averaging 34.0 wt% Cr,O;. The magnesium content ranges between
4.97 — 7.11% and averages 5.49 wt% MgO. The specimens show a low titanium content
(<1.3 wt% TiO,) but with very high aluminum content that ranges between 11.93 —
13.81 wt% Al,Os. The (MgO/MgO+FeO) ratio ranges from 0.16 — 0.25. The range of the
Cr,05/(Al,05+ Cry,03+Fe;05) ratio was between 0.33 — 0.38. [24] Defined the chemical
characteristics for two types of primary chromite. They differ mainly in the zonation of
Cr,03, Al,Os, and Fe,0O;' (total Fe), beside a wide variation in Mg, Ni, and Zn. These
chemical features indicate that the type 2a chromite is the type resembling most of our
studied chromites. Because they have a relatively high Cr and wide range of Mg, with
variable TiO, and lower Ni and Zn concentrations. [24] attributed the formation of this
type as due to serpentinization that causes the rims of chromite crystals to be modified
toward magnetite rim.
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