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Editorial
State of ULAB JSE

WE are pleased to present the second volume of ULAB's Journal of Science and Engineering (JSE). It's been anoth-
er successful year for us: this edition presents many exciting developments undertaken by JSE. Since 2010,

ULAB’s JSE has maintained its position as the most prestigious national publication in the field of science and
engineering.

In 2010, 28 papers were submitted for publication, with 10 being accepted (acceptance rate: 35.71%). This year, the
number of submissions increased to 30 and following rigorous peer review, 10 papers were accepted (acceptance rate:
33.33%). This year, the clarity of accepted journal papers has been enhanced by a native English speaking copy-editor.

We continuously strive to publish original research that contains elements of technical novelty. The journal’s focus is
on traditional theoretical and practical applications of physics, mathematics, environmental science, electronics, com-
puter science, information and communication engineering. In addition, we shall gladly accept submissions on emerg-
ing technologies and other emerging areas related to the above fields.

In order to continue publishing a high-quality journal, JSE’s editorial board seeks excellent contributions containing
original research or reviews. Our editorial board works tirelessly to provide contributors with a prompt and thorough
review process.

We would like to extend our heartfelt thanks to every author, reviewer and reader for your support and dedication to
JSE. We strongly believe that together, we shall elevate this journal to even higher levels of quality, impact and reputa-
tion.

Mohammad Shorif Uddin Sazzad Hossain A.H.M. Asadul Huq
Editor-in-Chief Associate Editor Associate Editor

© 2011 ULAB JSE
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Fuzzy Logic Based Intelligent Control of
FSTP Inverter Fed PMSM Drive

Kalyan Kumar Halder, Md. Abdur Rafiq, B.C. Ghosh

Abstract— This paper presents an intelligent control system with the Fuzzy Logic Controller (FLC) for vector control of
Permanent Magnet Synchronous Motor (PMSM) drive. A rule-based FLC scheme is designed and applied for the speed control
of PMSM drive, using the Pulse Width Modulation (PWM) technique. In the proposed control scheme, a Four Switch Three
Phase (FSTP) inverter is used instead of the usual Six Switch Three Phase (SSTP) inverter. This reduces the cost of the
inverter, switching losses, and the complexity of the control board to generate six PWM signals. Two independent hysteresis
current controllers with a suitable hysteresis band are utilized for inverter switching. The PMSM drive system has been
developed, analyzed, and validated by simulation in the C++ environment. A comparison of the proposed FLC based PMSM
drive with a conventional Pl controller system is provided in terms of speed response. The simulation results demonstrate that
the proposed system with FLC improves the dynamic performance of the PMSM drive. It also has a faster speed response than
the PI controller. The drive system is robust in various operating conditions and perturbations of parameters.

Keywords— FSTP inverter, FLC, intelligent control, Pl controller, PMSM

1 INTRODUCTION

WITH rapid developments in power electronics,
software engineering and materials, PMSM has

become a serious competitor to the induction mo-
tor and conventional wound rotor synchronous motor [1].
PMSM is widely used in areas such as traction, automo-
biles, robotics and aerospace technology [2]. It is receiving
an increasing amount of attention as a result of its advan-
tageous features, which include high power density, high
efficiency, compact size and low noise. Permanent mag-
net motors are generally classified into two categories [3]:
(1) the Surface Permanent Magnet (SPM) motor, where
magnets are mounted on the rotor surface, and (2) the
Interior Permanent Magnet (IPM) motor, where magnets
are mounted inside the rotor. IPM motors have magnetic
saliency with quadrature axis (g-axis) inductance higher
than the direct axis (d-axis) inductance.

In recent years, research and development projects
have focused on cost reduction of PMSM drives = system.
Reducing the number of power switches from six to four
has improved cost-effectiveness, volume-compactness
and the reliability of three phase inverters. An AC to AC
converter with minimal hardware was developed [4] for
the three phase Induction Motor (IM) drive. A cost effec-
tive FSTP inverter was proposed for IM drive in [5] and
for IPM motor drive in [6]. The authors showed a perfor-

mance comparison of the FSTP inverter fed drive with
SSTP inverter fed drive in terms of speed response and
total harmonic distortion of the stator currents. A com-
plete vector control scheme for IM using FSTP inverter
was presented [7] for high performance industrial drive
systems. The authors verified the entire control scheme
using simulation and experiments in a DSP environment.

Conventional PI and PID controllers are widely used
as speed controllers in PMSM drives. However to obtain
the best results from these controllers, the exact value of
the d- and g- axis reactance of the PMSM must be known.
In addition, conventional fixed gain PI and PID control-
lers are highly sensitive to step changes of command
speed, parameter variations and load disturbance [8].
Therefore, an intelligent speed controller demands special
attention in order to use the PMSM drive in high
performance drive systems [9].

As an intelligent control technology, fuzzy logic
control provides a systematic method of incorporating
human experiences and implementing nonlinear algo-
rithms. These are characterized by a series of linguistic
statements into the controller [10]. The performance of a
FLC based IM drive was investigated in [11], both theo-
retically and experimentally, in different dynamic operat-
ing conditions. The authors also provide a comparison of
a FLC based drive with the conventional PI controller
based drive. In [12] FLC was implemented using the field
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drive. This paper demonstrates that FLC offers superior
control of motor torque and highly dynamic perfor-
mance. A simulation study is carried out in [13] to optim-
ize the FLC for PMSM drive. FLC based flux-weakening
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strategy achieved fast dynamic control performance, as
well as parameter insensitivity in the flux-weakening
region.
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This paper investigates the performance of the FLC
based PMSM drive when fed from a FSTP inverter. FLC
may improve the transient and steady-state performance
of the drive system. In the control strategy, the g-axis
command current is derived from a rule-based fuzzy con-
troller. The hysteresis controller controls the current, al-
lowing it to follow the command current as closely as
possible to the sinusoidal reference. A performance com-
parison of speed response is provided between the pro-
posed FLC and the conventional PI Controller. The per-
formance of the proposed drive has also been  observed
for sudden changes in load torque, parameter variations
and speed reversal conditions.

2 MATHEMATICAL MODEL oF PMSM

A mathematical model of the PMSM is necessary for the
proper simulation of the system. The dynamic model of
the PMSM in the synchronously rotating d-q reference
frame is expressed as follows [15]:

Vg = Rig + pLyig —a L, @
Vq = qu + quiq + a)rwf + a)rLdid (2)
Ay = Llg 3)
Ag = Lyig + ¢ *)
The developed electromagnetic torque is:
3P
_oF . -

e_7(¢/flq+(|-d _Lq)ldlq) @)
The mechanical motion of the PMSM is expressed as:
Te = TL + ‘Jm pa)m + Bm% (6)

For dynamic simulation, the model equations of the
PMSM must be expressed in state space derivative form
as:

di . .
qu_; :Vq - qu _a%LdId _a)rwf 7)
Ly m el
dE‘Vd lg T QL )
3 Y 1 1 g g 0
m dt e L m~~m
And,
@ =p, Léw, (10)

Where, v; and v, = the dg- axis stator voltages;
igand i, = the dg- axis stator currents;
As and A, = the dg- axis stator flux linkages;
Ls and L, = the dg- axis inductances;
yr= the permanent magnetic flux linkage;
R = the stator resistance;
@ = the angular speed of rotor;
@, = the mechanical speed of rotor;
T, = the electromagnetic torque;
J»= the motor inertia;
B.,= the motor friction coefficient;
P, = the number of pole pairs;

p=d/dt

3 FSTP INVERTER MODEL

In the four switch inverter shown in Fig. 1, a three phase
system is obtained by connecting the phase ‘c’ terminal of
the stator windings directly to the centre tap of the DC
link capacitors. The single phase AC supply is rectified by
the front-end rectifier. The capacitors level the output DC
voltage. The three phase voltages of the PMSM are ex-
pressed as follows [5]:

V, = \%[45.3 -25 -1 (12)
= \%[480 -25,-1 12)
Vﬁ%[—sa—sﬁl] 13)

Where, Vg4 is the maximum voltage across the DC link
capacitors; S, and S, are the switching logic (either ‘0" or
1).

If S, =1 then T is on and T is off

If S, =0 then T; is off and T is on

If S, =1 then T3 is on and Tj is off

If S, =0 then T3 is off and T, is on

A ;Y a
ACF — b”’\ GM}%
. L 1 N

Figure 1: Power Circuit of the FSTP inverter fed PMSM drive

4 PROPOSED Fuzzy Locic BASED CONTROL
SCHEME

The concept of FLC utilizes the qualitative knowledge of a
system to design a practical controller. For a process  con-
trol system, a fuzzy control algorithm embeds the intuition
and experience of an operator designer and researcher.
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e Knowledge L
Input —p{ Fuzzification > Rule Bas% »| Defuzzification |— Output
Inference Engine
Figure 2: FLC topology
The control does not require an accurate mathematical mod- NB NS ZE  ps B
el of a plant. It is therefore well suited to a process where the 1
model is unknown or ill-defined and particularly to systems
with uncertain or complex dynamics [10]. The structure of a ~ 0-5
complete fuzzy control system is composed of the following
blocks: Fuzzification, Knowledge rule base, Inference engine, ~ © 1 08 06 04 02 00 02 04 06 o8 1
Defuzzification. Fig. 2 depicts a typical FLC structure. o TR @ ' ' '
1 |NE ZE PE
eon (k) —» .
Fuzzy Logic .
Controller  — ig'(k) 0.5
deon (k)  —
0
Figure 3: FLC based command current estimator -1 -08 -06 -04 -02 O(g) 02 04 06 08 1
The proposed FLC is designed to have two inputs 1 18 Np RS e 7\ PB
linguistic variables and one output linguistic variable, as
shown in Fig. 3. The normalized value of speed error 05
eon(k) and change in speed error des,(k) are the inputs and
the normalized value of g- axis reference current i, (k) is 0
-1 08 -06 -04 -02 00 02 04 06 08 1

the output variable. e..(k) and de..(k) are calculated as
follows:

€n(K) = Wy — awy(K)
de,, (k) =€, (k) —e,(k-1) (15)

The crisp variables eun(k) and deon(k) are converted into
fuzzy variables e, and de,, using the triangular
membership functions, as shown in Fig. 4 [11]. The FLC
then executes the control rules (Positive Big (PB), Positive
Medium (PM), Positive Small (PS), Zero (ZE), Negative
Small (NS), Negative Big (NB), Positive (PE), Negative
(NE)) shown in Table 1 [11] and processes the output
quantity ig".

The complete close loop vector control scheme is con-
tained in Fig. 5. The flux producing component of stator
currents i;* is set to zero to make the torque equation lin-
ear. i;* and i,* then generate the command currents i,* and
iy*. Two independent hysteresis current controllera with a
suitable hysteresis band control the motor currents i, and
ip follow the command currents. The hysteresis controllers
also generate four switching signals, which fire the power
semiconductor devices of the three phase inverter to
produce the actual voltages to the motor.

(14)

©

Figure 4: Membership functions for (a) speed error (ewn) (b) change
of speed error (de,n) and (c) g-axis command current (ign ).

TABLE 1
Fuzzy CONTROL RULES FOR SPEED CONTROLLER

for | NB NS ZE PS PB

de&"l
NE NB NS NC PM PB
ZE NB NS NC PM PB
PE NB NS PS PM PB

5 SIMULATION RESULTS

Computer simulations were carried out to validate the
effectiveness of the proposed drive system under differ-
ent operating conditions. The system under consideration
has been simulated in the C++ environment. The proto-
type PMSM used in this drive system is a three phase four
pole machine, the parameters of which are reported in
Table 2.
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Front-end
Rectifier
- T, [
Oref o s Fuzzy Logic |" .|  Phase ta | Hysteresis [T, FSTP
Controller Converter Current [~
-4 ~ and Vector | i | Controller ——» Inverter
@r ta > Rotator
/'y
0
d/dt Position Sensor
Figure 5: Proposed control scheme of the PMSM
TABLE 2 6
PMSM SPECIFICATIONS 5 - Load torque
Phase voltage 145V —— Developed torque
Phase current 3A s
Number of pole pair: Pp 2 =z
Stator resistance: R 58 Q o
d-axis inductance: Ly 0.0448 H E—
g-axis inductance: L, 0.1024 H 2
Motor inertia: [ 0.0087 Kg-m?
Friction coefficient: B,, 0.0008 N-m/rad/sec
Magnetic flux constant: y, | 0.533 Volts/rad/sec 0 : : . .
0.0 0.2 0.4 0.6 0.8 1.0

5.1 Starting Performance of the PMSM Drive
The motor started with a command speed of 1500 rpm
and a load torque of 2.0 N-m from a standstill condition.
The speed response curves of the PMSM drive system for
both FLC and PI controller are shown in Fig. 6(a).

2000
,2\ 15004
& - Command speed
8 1000- Fuzzy logic
) Pl
Q.
n
500+
0 : : : :
00 0.2 04 0.6 0.8 1.0

Time (Second)

@)

Time (Second)

(b)

Actual phase currents (Amp)

-2
4 . . . T . T T T T
020 021 022 023 024 025
Time (Second)
(©)
Figure 6: (a) Simulated speed response, (b) Developed

electromagnetic torque, and (c) Steady-state three phase actual
currents for the PMSM drive.



It is noted that the motor reached the command speed at
t=0.15 second for FLC but at t=0.17 second for PI control-
ler. Therefore FLC provides superior speed response than
the conventional PI controller. The actual speed follows
the command speed accurately, with negligible steady-
state error and oscillations. Fig. 6(b) shows the developed
electromagnetic torque of the drive under the starting
condition. It is observed that a higher  electromagnetic
torque is generated during the motor acceleration. Some
oscillations in electromagnetic torque are noticeable, due
to switching the devices with hysteresis controller. The
difference between developed and load torques is due to
the viscous damping torque of the drive system. Fig. 6(c)
illustrates the three phase actual currents under a steady-
state condition.

5.2 Performance under Different Operating
Conditions

The performance of the PMSM drive under different
operating conditions was also investigated in order to
verify the proposed control scheme’s robustness. The load
torque of the motor was suddenly increased from 2.0 N-m
to 3.0 N-m at t=0.5 second. The speed response with
change of load is provided in Fig. 7(a). No fall and oscilla-
tion in speed was observed as a result of the load torque
disturbance. This indicates that the drive system is robust.
Fig. 7(b) shows the three phase actual currents under load
change conditions. The phase currents increased due to
an increase of load torque.

To verify the effect of speed reversal on the drive,
command speed was reversed from 1500 rpm to -1500
rpm at t=0.5 second and again to 1500 rpm at t=1.0
second. Fig. 8(a) shows the speed response for different
speed sets. It is observed that the drive system follows a
linear pattern and requires less time to reach from 1500
rpm to -1500 rpm in comparison to starting condition (0
to +1500 rpm). Fig. 8(b) shows the corresponding devel-
oped electromagnetic torque of the PMSM drive.

2000
- Command speed
= — Actual speed
& 15004
e
©
® 1000-
Q.
%)
500+
0 T T T T
0.0 0.5 1.0 15 2.0

Time (Second)

@
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Actual phase currents (Amp)

1
(o]

0.49 0.51
Time (Second)

(b)

0.53

Figure 7: (a) Simulated speed response, and (b) Three phase actual
currents for the PMSM drive for a change of load torque (2.0 N-m to
3.0 N-m).

""" Command speed
—— Actual speed

Speed (RPM)
a1
o
Q

-2000 T
0.5

1.0 15

Time (Second)

2.0

@)

8 -~ Load torque
Developed torque

Torque (N-m)

-8 T
0.5

1.0 15

Time (Second)

(b)

2.0

Figure 8: (a) Simulated speed response, and (b) Developed
electromagnetic torque for the PMSM drive for speed reversal
condition.
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To observe the effects of parameter variations, the
motor stator resistance was doubled at t=0.5 second. Fig.
9(a) shows the effect of stator resistance change on speed
response. The speed did not drop whatsoever due to a
change in stator resistance. Fig. 9(b) illustrates that the
rotor angle does not alter due to a change of stator resis-
tance. Thus the drive performance is insensitive to stator
parameter variation.

2000

e Command speed
— Actual speed

15004

1000+

Speed (RPM)

500+

0 T T T
0.0 0.5 1.0 15 2.0

Time (Second)

@

Rotor angle (Radian)

049 051 053

Time (Second)

0.47 0.55

(b)

Figure 9: (a) Simulated speed response, and (b) Rotor angle for the
PMSM drive for step change of stator resistance (R to 2R).

6 CONCLUSIONS

This study successfully developed a speed control strate-
gy for FSTP inverter fed PMSM drive system. The speed
response of the system is better with the FLC than the PI
controller, because a fuzzy based control is not depen-
dant on machine equations and performs on the basis of
linguistic if-else decisions. The results presented in this
work indicate that the proposed control scheme produces
a strong dynamic response of the PMSM drive. The drive
is also robust to load disturbances, speed reversal, and
parameter variation conditions. Therefore, the proposed
cost-effective control scheme fulfills the essential re-
quirements for industry applications.
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Exprimental Analysis of Handover over UDP
and TCP in the Integration of IEEE 802.16
and I[EEE 802.11

Bikash Chandra Singh, Paresh Chandra Barman, Tapan Kumar Godder, Md. Sipon Miah, H M Abdul
Awal

Abstract—One of the goals of a heterogeneous wireless network is to enable service mobility between different wireless
networks. Thus this thesis presents seamless and efficient handover performance criteria to enable service mobility in hybrid
multi-operator networks of standard technologies IEEE 802.11 (Wi-Fi) and IEEE 802.16 (WiMAX). We optimized the handover
procedure for the mobile node using IEEE 802.21, which defines a Media Independent Handover (MIH) function and facilitates
handover across heterogeneous access networks during mobility events. We investigated the performance of two handover
approaches, one from WiMAX to Wi-Fi and another from Wi-Fi to WiMAX, by evaluating the metrics such as handover latency
and throughput when transferring different types of flow, such as TCP (for non real time transmission) and UDP (for real time

transmission).

Keywords—WiMAX, Wi-Fi, Heterogeneous Network, Media Independent Handover, TCP, UDP

1 INTRODUCTION

G wireless networks (4GWN) [1] are envisioned as an

Internet Protocol (IP) based infrastructure with the

integration of various wireless access networks, such
as IEEE 802.11 (WLANSs), IEEE 802.16 (WMANSs), GPRS
and UMTS. Heterogeneous wireless networks need to
cooperate in order to provide users with seamless mobili-
ty and high quality of service (QoS). For example, inex-
pensive high performance Wi-Fi [2] connectivity will be
available within a limited range of “hot-spot” areas and
will be complimented with more traditional cellular con-
nectivity offering wide area coverage such as WiMAX [3].
The Transmission Control Protocol (TCP) is a connection
oriented, reliable transport layer protocol. On the other
hand, the User Datagram Protocol (UDP) is a connection-
less protocol and it is less complex and reliable than TCP.
The new standard developed by IEEE, explicitly 802.21,
provides mobile users better performance during seam-
less handover than the Media Independent Handover
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(MIH) framework. Assuming applications can manage
mobility and handover to the best network, how hetero-
geneous handover performs over TCP and UDP is an ac-
tive area of research.

2 REeLATED WORKS

Research activities carried out on heterogeneous handov-
er context suggests the need for modifications in underly-
ing network architectures. Yonggiang Zhang proposed a
vertical handover scheme in [4] between 802.11 and
802.16 wireless access network that performs well, with
respect to signaling cost, handover delay, system
throughput and packet delay. Z. Daia, R. Fracchiaa et al.
[5] proposed a new, realistic approach for vertical han-
dover. This algorithm combines data rate and channel
occupancy and can be easily integrated in all 802.11 and
802.16 products. Masanori Yoshimoto et al. [6] has shown
that the handoff in the heterogeneous network for TCP-
based streaming services have more attention than UDP-
based ones. This paper evaluates the handover perfor-
mance using throughput and handover latency over TCP
flow for non-real time data and over UDP for real time
data transmission.

3 Wi-Fi AND WimAX

3.1 Wi-Fi (IEEE 802.11)

Wi-Fi is established as the world-wide standard that in-
corporates the use of radio waves to link computers and
other network devices. Two layers are defined in the
802.11 standard, the Physical layer and the MAC layer.
The Physical layer is responsible for reliably transmitting

© 2011 ULAB JSE



data from one station to another. The MAC layer is used
for transmission channel allocation, addressing of Proto-
col Data Units and frame formatting. Two different phys-
ical layer implementations are defined in the 802.11 stan-
dard: DSSS/FHSS and OFDM. DSSS/FHSS uses 2.4GHz
unlicensed radio spectrum for data rate 11Mbps and
OFDM uses 5 GHz radio spectrum for data rate 54 Mbps.

3.2 WiMAX (IEEE802.16)

The IEEE 802.16 Working Group created a new standard,
WiMAX, for broadband wireless access at high speeds
and low cost, which is easy to deploy. WiMAX original
released the 802.16 standard addressed applications in
licensed bands in the 10 to 66 GHz frequency range. From
2002 to 2004, the 802.16 working group focused on devel-
oping a fixed-broadband non-line-of-sight (NLOS) stan-
dard referred to as 802.16a/d. 802.16e standard was re-
cently approved in December 2005. It builds on the
802.16d standard to provide low-mobility (60 Km/h or
less) wireless Internet access that uses a Cellular-like
handover mechanism to extend the system range.

4 HETEROGENEOUS SEAMLESS HANDOVER

4.1 Intregation of WiFi and WiMAX

Transparent roaming for multi-mode subscriber devices
between WiMAX and Wi-Fi networks are typically im-
plemented with functionality that includes: Control-plane
network: Authentication, Authorization, and Accounting
(AAA), AAA proxy and offline and online charging. Da-
ta-plane network: Access Service Gateway with DHCP,
Foreign Agent (FA), Wireless Access Gateway (WAG),
Home Agent (HA), and Packet Data Gateway (PDG) ser-
vice functionality located in the service provider network.
Fig. 1 shows this architecture.

Wi Fi Rtsmat Servics
Provider (5P)
Wi CSH
T AddorProxe
DHCPForeign - “—,| Dffline Charsing
A s
‘f'f,| COmline Charging |
T D
s
WLLAK ASH WMAK CEH
e =

DHEF/Farsizn e Home Agent
gmarwAs | [T (HAYPDE

Fiaure 1: Architecture of roamina

4.2 Media Independent Handover (MIH)

The IEEE 802.21 framework [7] is intended to facilitate
handover between heterogeneous access networks. The
framework helps mobile devices to discover, characterize,
and select networks within their neighborhoods by ex-
changing information about available link types, link
identifiers, and link qualities of nearby network links. The
heart of the 802.21 is the Media Independent Handover
Function (MIHF) that communicates with access specific
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lower layer MAC and PHY components, including 802.16,
802.11 and cellular, as well as upper layer entities. In MIH
Predictive triggers express a probability of a change in
system properties in the future. Event triggers describe an
exact event. Link Up and Link Down are examples of
event trigger and Link Going Up (LGU) and Link Going
Down (LGD) are examples of predictive triggers. Fig. 2
depicts the main triggers identified to assist the handoff
process.

Link Detecied upon
reception of
DL MAP messaze

N
.

Link Down after loosing
synchronization with BS

802.16 access
network

v

Link Up upen
successful registration
with BS

Link Going Down due
ta signal power
degradation

Figure 2: The main triggers in handover process

5 IMPLEMENTATION AND PERFORMANCE ANALYSIS

5.1 Simulation Design

The all-in-one package of the NS-2 does not include sup-
port for Mobile WiMAX. Therefore two additional pack-
ets from the National Institute of Standards and Technol-
ogy (NIST), the WiMAX [8] and the Mobility module [9],
were installed to achieve simulations of mobile scenarios.
The Neighbor Discovery (ND) [10] module provides
movement detection for layer 3. Its task is to create IP
addresses when a network changes. The scenario in Fig. 3
considered the simulation results, and consists of a Wi-Fi
cell located inside a WiMAX cell.

.

Wi-Fi Hotsnot

j |
Wi-Fi AP

Figure 3: Simulation scenario

It is assumed that one mobile node (MN), equipped with
multiple interfaces, is connected to WMAN before pass-
ing through the WLAN coverage area. If both the WLAN
and the WMAN interfaces are available, it is assumed
that the MN uses the WLAN interface for its application
flows. Therefore in this scenario, the MN performs two
handovers. The first handover from WiMAX to Wi-Fi
when the MN enters the coverage area of the Wi-Fi AP
and the other from Wi-Fi to WiMAX when the MN leaves
the coverage the Wi-Fi AP. To evaluate handover per-
formance we selected different applications. Table-1
summarizes the parameter values used by default in the
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simulations. To compare the handover performance of
TCP and UDP, we chose two parameters:

Handover Latency: The period during which the MN
loses connectivity with its current link until it receives the
first IP packet after connecting to the new link is known
as handover latency.

Throughput: The ratio between the number of packets
originated by the corresponding node and the packets are
received by the MN after a handover process is complete.

TABLE1
SIMULATION PARAMETERS

Parameter Value

Wil A cell coverage 1000m

Wi-Fi cell coverage 20m

Yelocity (m/s) [1,5,10]

Path Straight line
Application Type TCRILDR

Packet size (hytes) Depends on application

5.2 Performance Analysis Using TCP

TCP uses parameters called congestion window (cwnd)
and slow start threshold (ssthresh) to control congestion.
The rate used in this simulation is adjusted to 1Mbit/s.
Furthermore, the packet size of FTP is set to 1240 and the
congestion window is set to 200. In Fig. 4 the left high
peaks indicate the handover time from WiMAX to Wi-Fi.
The right peaks indicate the handover time from Wi-Fi to
WiMAX. From the curve in Fig. 5, we conclude that the
higher the speed of the MN, the higher the handover la-
tency. The handover from Wi-Fi to WiMAX also performs
better. Here, the LGD generated earlier prevented the
drop of the link before the mobile comes out from the AP
boundary. This makes redirections of flows easier and
faster, without losing the connection. However when the
mobile roam with a 5m/s or 10m/s speed, the Link Down
is triggered before the drop of the connection.

Fig. 6 establishes that the handover causes growth in
packet loss through the indication of two peaks that cor-
respond to the roaming periods. Fig. 7 shows that the
throughput of WiMAX to Wi-Fi is lower than Wi-Fi to
WiMAX because of WiMAX’s higher bandwidth and the
lower bandwidth of Wi-Fi.

( Delay for Different Speeds in TCP )

—e— 1m/s —e— 5m/s —e— 10mMm/s
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\_ Mobility Instant (s)

Fiaure 4. Packet Transfer Delay for TCP
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Figure 7: Throughput for TCP

5.3 Performance Analysis Using UDP

UDP performs multicast communications, which allows
the development of applications such as network confe-
rencing. In each test, UDP datagram of 1240 bytes was
transmitted between the MN and the network. The CBR
packet size is 512 bytes. In Fig. 8 the two peaks indicate
the two handovers. In addition, the handover period
when the MN moves at 1 m/s, grows slowly, while in the
case of 5 and 10m/s it reaches a peak. The cause is de-
scribed in the TCP section. Fig. 9 shows the average delay
for a rate of varying MN velocity. We may observe that
handover latency is still growing, as is the velocity of the
mobile node. The Packet Loss Ratio is obtained in the
same phase of simulation, as shown in Fig 10. At the time
of the handover, the packet loss ratio is large. In Fig. 11
Wi-Fi to WiMAX handover performs well. UDP support
multicast routing, so when MN goes from a small net-
work to a high coverage network, the router can route a
buffer packet through any route.
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Figure 11. Throughput for UDP

5.4 TCP vs UDP Performance

In Fig. 12 we observe the latency is smaller for UDP flow
than for TCP flow. This is because UDP is a much simpler
protocol without connection setup delays, flow control,
and retransmission. From the plot of Fig. 13 we see that
throughput of TCP is not as good as UDP. In TCP, if the
handover period is long enough, multiple timeouts will
occur when the redirection of flow is complicated. An-
other effect of vertical handover is a change in the Band-
width Delay Product (BDP). It is the product of the avail-
able bandwidth and latency. If a handover is made from a
large BDP network to a small BDP network, congestion
occurs because TCP uses a larger window size until con-
gestion forces it to be reduced. On the other hand, a
handover from a small BDP to a large BDP network will
not take advantage of the large BDP and leads to lower
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utilisation for some time.
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6 CONCLUSION

For non real time transmission, time is not a factor i.e. the
handoff latency is tolerated as the throughput must fulfill
the expectation. However the results indicate that during
heterogeneous handover, a TCP connection cannot deliv-
er more packets. On the other hand, UDP is a connection-
less, unreliable protocol for real time use. Here, the han-
dover latency must be small for live telecast or video con-
ferencing and the interrupted throughput can be ignored.
Our analysis exposed UDP as a protocol that can be used
for both real time and non-real time applications at ver-
tical handover for heterogeneous networks of Wi-Fi and
WiIMAX. In future, we have to ensure better QoS in terms
of reliability and eliminating jitters for a better perform-
ance measurement.
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Commutatorless DC
Motor

Mohammad Abdul Mannan and Md. Aminul Islam

Abstract — This paper presents a transient analysis of a line commutated inverter (LCI) fed synchronous motor (the equivalent
of commutatorless d.c. shunt motor) using rotor position sensor technique. The firing pulses for thyristor of the inverter are
generated in proper sequence, with the help of rotor position sensor of the synchronous machine.The transient analytical model
of the system was developed using steady state equivalent circuit and vector diagram. The performance characteristic of LCI
fed synchronous motor in shunt mode was computed from the mathematical model. The transient characteristics of step

changes load (either load applied or load removed) are identified.

Keywords - Rotor Position Sensor, LCI, FORTRAN Power Station, Model of Commutatorless DC Shunt Motor

1 INTRODUCTION

RECENTLY, variable speed drives have been widely used
in modern industrial fields. From the outset, the conven-

tional DC motor was used as variable speed drives in
many industrial applications [1]. However for a reliable sys-
tem operation, DC motor drives are not recommended in
many cases. DC motor drives have several drawbacks, such
as brush and commutator wear, which occurs as a result of
friction and sparking; power loss, due to both brush contact
points; mechanical commutator needs regular maintenance;
the commutator construction increases the cost of the DC
motor drive; and the mica insulation limits the voltage be-
tween commutator segments.

A DC motor can be considered as an AC synchronous
machine in which the field is stationary and the armature
with its multiphase AC winding is rotating. The armature
receives AC power from a DC source through brushes and
commutators. The brushes and the commutator constitute an
inverter sensitive to the rotor position. Similarly, a synchron-
ous motor may be operated as a DC motor. In a synchronous
machine, the field rotates, whereas the armature is statio-
nary. However it should be supplied by an inverter con-
trolled by rotor position sensing signals. The line commu-
tated inverter with rotor position sensitive controller can
well be regarded as an electronic commutator, serving the
same function as the mechanical commutator. A line commu-
tated inverter (LCI) fed synchronous motor is the most eco-
nomical, as variable speed drives substitute conventional DC
motor drives for a wide range of speeds [2-4]. A synchronous
motor supplied by a line commutated inverter acts as a
commutatorless DC motors. The drives have several advan-
tages. Synchronous machines are strong, reliable and trouble
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free. A large volume of research has been undertaken on the
series type commutatorless DC motors [6]. However the lite-
rature review finds that no steady state and transient analy-
sis have been reported in the field of commutatorless DC
shunt motor.

2 SYSTEM DESCRIPTION

The block diagram of the commutatorless DC shunt motor is
shown in Fig.1. It is comprised of an auto transformer, un-
controlled rectifier bridge, DC link smooth inductor, line
commutated inverter and a three phase synchronous ma-
chine. The uncontrolled rectifier, together with the smooth-
ing inductor, acts as a DC current source. Its output Ipc is
impressed at the DC input of the machine voltage commu-
tated inverter.

The synchronous machine is interfaced with a DC power
supply by a self control variable frequency static inverter,
which switches the power to the appropriate stator winding
of the synchronous machine. The excitation winding of
the synchronous machine is connected to shunt with extra
resistance (r;) to the input of inverter. Therefore the excitation
winding is suitable for standard excitation voltages (i.e. 50
volts).To better understand the system operation, the major

components are briefly discussed below:
Sync. Motor

D.C Supply
Inverter

. Rotor Position
Electronic controller or &
Microcontroller

5 ref.

Rotor Position Sensor
Figure 1: Block Diagram of Commutatorless D.C. Shunt Motor
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(i) Uncontrolled diode bridge

The diode bridge’s function is to rectify the fixed frequency
AC supply to DC voltage (Vp) and to supply the active pow-
er for the synchronous machine.

(ii) DC Link inductor

The variable voltage is applied to the DC link choke, which
blocks the voltage ripple and smooths the DC link and sup-
press the harmonics contained in the output of the bridge
rectifier. The DC link inductor acts as a current source.

(iii) Line commutated inverter (LCI)

This is a simple three-phase thyristor inverter bridge. The
commutation of inverter thyristor is performed by the vol-
tage induced in the stator winding of the synchronous ma-
chine, which is seen by the inverter as a three phase AC
source of terminal voltage Vsy. The firing angle of the inver-
ter is always greater than 90 degrees and it is measured from
the instant of crossing point two phase voltages. It is a self-
controlled inverter, which produces variable frequency in
accordance to reference frequency (f...) of rotor position sen-
sor.

(iv) Synchronous Machine

The synchronous machine is conventional and operated as a
variable speed machine. The field winding of the machine is
connected separately. The machine runs at a synchronous
speed that corresponds with the rotor speed. Thus, the inver-
ter frequency is a function of the machine speed. When a
synchronous motor operates under steady-load conditions
and an additional load is suddenly applied, the developed
torque is less than that required by the load, so the motor
begins to slow down. A gentle reduction in speed decreases
the frequency of the induced e.m.f [3]. The firing control
scheme generates the firing pulse for LCI at a new frequency.

(v) Rotor Position Sensor

Rotor position sensor measures the value of the displacement
angle between stator pole axis and rotor pole axis of a syn-
chronous machine. It produces an analog signal in respect to
displacement angle, in between stator and rotor. The output
signal is sent to the controller or microcontroller based firing
circuit to produce inverter frequencies.

Brushless derives are basically synchronous motor
drives in self-control mode. The armature supply frequency
changes in proportion to rotor speed changes, so that the
armature field always moves at the same speed as the rotor.
Self-control ensures that in all operating points, the armature
and rotor fields move at exactly the same speed. This pre-
vents the motor from pulling out of step, hunting oscilla-
tions, and the instability which results from a step change in
torque or frequency. Accurately tracking speed is usually
obtained using a rotor position sensor [1].

(vi) Electronic Control Circuit based or Microcontrol-
ler based firing circuit

The rotor position signal is fed to electronic control circuit or
microcontroller for firing control of the inverter thyristor in
proper sequence.

3 ANALYSIS

In this paper, the steady state performance equation of a
commutatorless DC motor is developed. Simple and effective
equivalent circuits are presented for commutatorless DC
shunt motor system during the conduction and commutation
intervals. The performance equation of the commutatorless
DC shunt motor was derived using the equivalent circuit
(fig.2) and vector diagram (fig.3) [1].The block diagram of the
system shown in fig.1 consists of an auto-transformer, an
uncontrolled bridge rectifier, a DC link inductor, a line
commutated inverter, rotor position sensor and a conven-
tional synchronous machine. The average DC output voltage
of the rectifier is controlled by an auto transformer. The three
phase uncontrolled bridge rectifier and DC link inductor act
as a DC current source for the line commutated inverter. The
equivalent circuit diagram of commutatorless shunt motor
shown in fig 2 finds the inverter input voltage.

Part-1 (Steady State Analysis)
Vpc=Vp-Ipcrd (1)

General equation of synchronous motor

Vsy= Esy + Isy (Rsy +j Xs) (2)
Toc I
* ?aﬁ — Xf&wﬂ
i oo 3-Phase /r
\\t :f \\/I/DC Inverter V, E,

Sync. Motor

Figure 2: Equivalent Circuit Diagram of Commutatorless Motor

Ve, A

jIgXq

B
F

Iy
Figure 3 Vector Diagram of Commutatorless D.C Motor

From the vector diagram:

A OBA
(OA) 2= (OB)2 + (BA)2 = (OC+CD+DB)2 + (FA-FB) 2

If:
y =6-a, 8 =p. f angle, a = Load angle, I3 = Isy Sin y,
I q= Isy Cos Y

OA=Vsy, OC=Esy, CD=IsyRsy Cos Y, DB=EF=IdXd,
FA=Iqu, FB=ED=IsyRsy Sin Y
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Now we get:

(Vsy) 2= (ESY + Isy Rsy Cos y+ Ta Xd) 2+ (Iq Xq -Isy Rsy Sin Y)2
(Vsy) 2= (Esy + Isy Rsy Cos y + Isy Xq Sin y) 2 + (Isy Xq Cos y -
Isy Rsy Sin Y) 2

Eovm (Ve ) = (16, X,CoSy = 5, Ry, SNy -
(1R, Cosy—1,X,Sny) 3)

Inverter Relationship [12] & [15]:

Vpc= 346 Vsy Cosp 4)
m
(Commutation reactance is neglected here)

7l
B=180-a/ E < a/ < 1 (for LCI)

Where, Vpc = Inverter input voltage
B=Inverter lead angle in electrical degree.
a/ =Inverter firing angle in electrical degree.

/6

Isy=—"Ibc ®)
7l

OA=Vsy, OC=Esy, CD=IsyRsy Cos Y, DB=EF=IdXd,
FA=Iqu, FB=ED=IsyRsy Sin Y
Now we get:

(Vsy) 2= (ESY + Isy Rsy Cos y+ TaXq ) 2+ ( Iqu - Isy Rsy Sin Y)2
(Vsy) 2= (Esy + Isy Rgy Cos Y+ Isy X4 Sin Y) 2+ (Isy Xq Cos Y
- Isy Rsy Sin Y) 2

Here:

Motor capacity is 6 KW (400V, pf 0.8)

No load current of motor, Isy=1.09 A

No Load Inverter input current, Inc=1.40 A [From Eq. 5]
And full load current of motor Isy=10.8253 A

Full load inverter input current Inc=13.8840 A [From Eq. 5]

The speed or frequency of the commutatorless motor is de-
pendent on the rotor position angle. The maximum dis-
placement of the load angle is 20 degrees (elect) [13],[14]. The
electronic controller controller circuit requires the calibration
of inverter frequency in accordance with the load angle dis-
placement.
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Figure 4.B: Relation between a and IDC

Xq =21 fLq=2m(50-0.25 a) L, (7)
Xa =21 fLa=21(50 - 0.25 a) L4 8)
Where:

Xq = Direct axis reactance of synchronous machine.
Xq = Quadrature axis reactance of synchronous machine.

Fig.4-B finds that the relationship between current (Ipc) and
load angle (a) is:

Ipc=1.40 + 0.6242 a )
From equations 1 and 4, we have the new equation,

Vv, =l .r
ool = ) o

3x/6Cos,8

Ipc and Vsy are inserted in equation 3. We get:

Fig.4-A finds that the relation between inverter frequency (f)
and load angle (a) is:
f=50—0.25a (6)

Load angle Inverter output Current (Ipc) Esy
(a) frequency (f) =
0 Degree 50 Hz 1.40A 72 Wy = 1oy ) I : >
-6 be X ,C - Ry S
20 Degree 45 Hz 13.95A \/ (B/6cos £ ) ( = j (x ;Cos y = Ry sin y)

—\/6( I e a1

> j(RgCos y - X,Sny)
The inverter frequency (Equation 6) and the value of Esy
(Equation 9) varies with the load angle from 0 to 20 degrees.

The results are presented in table-1.
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Values of f & Esy for different values of a

TABLE-1
Load Angle | Inverter Output Fre- Esy (Volts)
in Degrees quency(Hz)
(@) ()
0 50 215.0195
1 49.75 208.53
2 49.5 202.22
3 49.25 196.10
4 49 190.16
5 48.75 184.40
6 48.5 178.82
7 48.25 173.42
8 48 168.1835
9 47.75 163.1218
10 47.5 158.2250
11 47.25 153.49
12 47 148.9090
13 46.75 144.4802
14 46.5 140.1971
15 46.25 136.06
16 46 132.0434
17 45.75 128.16
18 455 124.40
19 45.25 120.7395
20 45 117.18

The relationship between the frequency value (f) and the
value of induced e.m.f. (Esy), with the help of Table-1 is as
follows:

(45,117.18), (50, 215.0195)

250 ~

Back EMF (Valt)
— — .
[ Lh [
(=) (=) =)

w
=1
L

0 20 40 50 80
Frequency (Hz.)

100 140

Fig.5: Relationship between f and Esy

From Fig.5

f=45+ ————— (Bsy—117.18)
97.839¢

We know that:

Motor speed, N =120 f / P [where, no. of pole=4]

Motor speed, N =120 f / P

N =1350 +1.53 [ \/ 72(V, — 15t}

| 2
-6 2| (X, Cosy— R, Snyf
favecossf GEHJ(“OSVR“W)

—6 (IDCJ(RSYCosy— X,Sny)-117] (12)
T

Torque developed by the motor,
3k, 1,Cos(6 -a)

w

3E, 1,Cos(6 -a)
Tm = [where N;ps=—+1]
27N 60

rps
i 3X60xE,, Jel ocCos(8 - a)
2N T
2234E, (140+0.6242x)Cos(6 - a)
N

Tm

Tm

Tm =

[If, K=22.34]
_ KE,, (140+0.62427)Cos(6 - a)

N

Tm (13)

Equation 12 provides the steady state general equation of
commutatorless DC shunt motor. The load angle leads the
parameter of Xq (Eq.7), Xa (Eq. 8) and Ipc (Eq. 9). Here, the
speed of commutatorless DC shunt motor is dependent on
the value of the load angle, D.C link voltage and firing angle
of the inverter. The machine torque depends on load angle

().
Part-2 (Transient Analysis)

Here we derive the transient analysis as performance equa-
tions from steady state equation, where the transient time is
one second [13]. The total transient consists of two parts: sub-
transient (20% of total transient time) and transient (80% of
total transient time).

Sub-transient time (time duration 0.20 Sec.) [13]:
asr = [a +0.1875 a Sin( © t)e-163t |

When the load is applied on the motor
Where, ast = Sub transient load angle in electrical degree.

(14)

ast = [{(a — ar) = (0.1875 a;)} Sin( w t)e 163t ]| (15)
When the load is removed from the motor

Where, a, = removed load angle

Inc=1.40 + 0.6242 asr (16)
f=50—0.25 asr (17)
Transient time (time duration 0.8 Sec.) [13]:

ast = [a +0.125 a Sin( w t)e=214t ] (18)

When the load is applied on the motor
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Where, ar = Transient load angle in electrical degree.

asr = [{(a -a;) - (0.125 a; )}Sin(w t)e 214t ] (19)
When the load is removed from the motor

Where, a, = removed load angle

Inc=1.40 + 0.6242 ast (20)
f=50—0.25 asr (21)

If Ipc of sub-transient and transient are applied in the general
equation (12) & (13) of the steady state, the transient equa-
tions during load applied or load removed moment are de-
rived.

4 RESULTS AND DISCUSSION

The following transient characteristics of the drive are de-
rived from the computed results during load applied or load
removed moments. Firstly, the analytical transient characte-
ristics of the commutatorless DC motor are shown in Fig.6 to
8 for an applied load.

i)  Speed Vs time.
if) DC Current Vs time.
iif) Torque Vs time.
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1350 </_\7%Av%¥
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Figure 6: Speed Verses Time Characteristics
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Figure 8: Torque Verses Time Characteristics

Secondly the analytical transient characteristics of the com-
mutatorless DC motor are shown in Fig.9 to 11 for a removed
load.

i) Speed Vs time.
ii) DC Current Vs time.
iif) Torque Vs time.
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Figure 9: Speed Verses Time Characteristics
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Figure 7: DC Current Verses Time Characteristics

Figure 10: DC Current Verses Time Characteristics
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Figure 11: Torque Verses Time Characteristics

The salient feature regarding the performance of commuta-
torless DC shunt motor may be observed from the computed
results during step changes or variation in load. The tran-
sient results are provided in Figs 6-11. Figs 6 and 9 represent
the deviation (oscillation with time) of the speed of the
commutatorless DC shunt motor. Figs 7 and 10 represent the
deviation (oscillation with time) of the inverter input DC link
current of the commutatorless DC shunt motor. Figs 8 and 11
represent the deviation (oscillation with time) of the torque
of the commutatorless DC shunt motor.

5 CONCLUSIONS

The transient performance of the commutatorless DC shunt
motor was computed using Fortran Power Station pro-
gramming. The performance characteristic (its speed verses
time, d.c. link inverter current verses time and torque verses
time) of LCI fed synchronous motor in shunt mode is com-
puted from the mathematical model and the transient cha-
racteristics of step changes load (either load applied or load
removed). It is evident that transient performance of commu-
tatorless D.C shunt motor is superior to the conventional D.C
shunt motor.
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Performance Comparison of Different
Software Fault Tolerance Methods

Md. Nasim Adnan, Mohammod Akbar Kabir, Lutful Karim, Nargis Khan

Abstract—A fault tolerance system is required for developing highly reliable computing systems that can function under
adverse conditions, which is indispensable in safety critical applications. Fault tolerance is a major research issue in computing
system designs because of the difficulty in producing error-free computing systems. This paper presents the recent
development of software fault tolerance techniques and compares the performance of different software fault tolerant

techniques and provides future research directions.

Keywords— Checkpoint, N version Programming, Recovery Blocks, Software Fault tolerance.

1 INTRODUCTION

AULT tolerance is a major research area in computer

system design because computers affect every aspect

of modern life. Thus computing systems are required
to operate without interruption for a long period of time.
Fault tolerance makes systems capable of being operated
in faulty conditions and protects against accidental or
malicious destruction of information and generating er-
roneous output. It also ensures that confidential informa-
tion cannot be divulged unintentionally. On the other
hand, software is a key part of several critical applica-
tions, such as flight control systems and medical systems,
as well as in real time systems. Therefore the researchers
aim to develop fault tolerant software systems.

Despite the widespread use of software, it is extremely
difficult to develop flawless software. In practice, at the
end of the software testing phase, project managers assess
software reliability (or quality) to fulfill a desired target.
However, there is always the possibility that faults may
be discovered later. This paper presents existing software
techniques, identifies the limitations of these techniques
and endeavours to provide solutions and further research
directions in this area. Section 2 defines the important
fault tolerant concept and terminology. In section 3, exist-
ing software fault tolerance techniques are presented.
Section 4 discusses software fault detection techniques. In
section 5 we identify certain limitations of existing fault
detection and tolerance techniques, and present solutions
and future research directions.

2 TERMINOLOGY

Important terminology related to fault tolerance include
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a) Fault

Fault is defined as an incorrect state of hardware or
software resulting from physical defects, design flaws
or operator error.

b) Fault Models

Depending on the system’s behavior once a fault has
occurred, the faults are characterized into different
groups or classes.

c) Error

An error is part of a system state that may lead to a
failure, or the manifestation of a fault.

d) Failure

When a system or a module is designed, its behavior
is specified. When it is in service, we can observe its
behavior. If the observed behavior differs from the
specified behavior it is referred to as a failure. Failure
is also the system level effects of an error.

e) Crash Failure

A process undergoes crash failure when it perma-
nently ceases to execute its actions. This is an irre-
versible change, excluded from napping failures,
where a process may play dead for a finite period of
time before resuming operation. In fail-stop models,
neighbors (processes) detect the faulty process, which
crashes.

f)  Omission Failure

Consider a transmitter process sending a sequence of
messages to a receiver process. If the receiver does
not receive some of the messages sent by the trans-
mitter, an omission failure occurs.

g) Transient Failure

The agent inducing this failure may be temporarily
active, but it can make a lasting effect on the global
state. The failure can affect the global state in an arbi-

© 2011 ULAB JSE
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trary manner.

h) Byzantine Failure

A process behaves arbitrarily when a Byzantine fail-
ure occurs. It represents the weakest of all failure
models as it allows every conceivable form of errone-
ous behavior.

i) Software Failure

In some cases, the execution of a program suffers
from the degeneration of the run-time system due to
‘memory leaks’, leading to a system crash. There may
be problems with the adequacy of specifications, as
occurred during the “Y2K’ problem. Many of the fail-
ures, such as crash, omission, transient, or Byzantine
can be caused by software bugs.

j) Temporal Failure

Real time systems require actions to be completed
within a specific time period. When this timestamp is
not met, a temporal failure occurs.

k) Software Reliability

According to ANSI’s definition, software reliability
is defined as the probability of failure-free software
operation for a specified period of time, in a speci-
fied environment.

3 SOFTWARE FAULT TOLERANCE TECHNIQUES

In this section we present a number of software fault to-
lerance techniques [1], [2]. Software fault tolerance is bas-
ically divided into two groups: single version and multi-
version software techniques. Single version techniques
are concerned with single software by adding several
types of mechanisms during the design phase, with a goal
to detect, contain, and handle errors. Multi-version fault
tolerance techniques use multiple versions of the same
software in a structured way to ensure that design faults
in one version do not cause system failure. Different
software fault tolerance techniques are discussed below.

3.1 Single Version Software Fault Tolerance
Techniques

Single-version fault tolerance is based on the use of re-
dundancy applied to a single version of a piece of soft-
ware to detect and recover from faults. Among others,
single-version software fault tolerance techniques include
considerations of program structure and actions, error
detection, exception handling, checkpoint and restart,
process pairs, and data diversity.

3.1.1 Software Structure and Actions

The software architecture provides the basis for the im-
plementation of fault tolerance. Various types of software
structure and actions are available. Among them, the
most popular techniques include: Modularizing, Parti-
tioning, System Closure, and Temporal Structuring. The
use of modularizing techniques to decompose a problem
into manageable components is as important to the effi-
cient application of fault tolerance as it is to system de-

sign. Partitioning is a technique for providing isolation
between functionally independent modules. System clo-
sure is a fault tolerance principle stating that no action is
permissible unless explicitly authorized. Temporal struc-
turing of the activity between interactive structural mod-
ules is also important for fault tolerance.

3.3.2 Checkpoint and Restart

For single-version software, there are few recovery me-
chanisms. The most useful mechanism is the checkpoint
and restart mechanism. A restart or backward error re-
covery (Figure 1) has the advantage of being indepen-
dent of the damage caused by a fault, applicable to unan-
ticipated faults, general enough to be used at multiple
levels in a system, and conceptually simple. There are two
types of restart recovery: static and dynamic. A static res-
tart recovery is based on returning the module of soft-
ware to a predetermined state. This can be a direct return
to the initial reset state, or to one of a set of possible
states. The selection is based on the operational situation
at the moment the error detection occurred. Dynamic res-
tart uses dynamically created checkpoints that are snap-
shots of the state at various points during the execution.
Checkpoints can be created at fixed intervals or at par-
ticular points during the computation, determined by an
optimization rule.

Checkpomt

Memory

E Checkpomnt
v

Execution

Input ——» Crutput

Error
Detection

Figure 1: Logical Representation of Checkpoints and Restart

3.3.3 Process Pairs

A process pair uses two identical versions of software
that run on separate processors (Figure 2). The recovery
mechanism is checkpoint and restart. Two types of pro-
cessors, namely primary and secondary processors, are
used in this technique. Primary processors actively
process the input and create output, as well as generating
checkpoint information sent to the backup or secondary
processors.

Primary

Processor
i . Selection

Input —p- 1 Checkpomt Switch: Output

h 4

Secondary
, Error

Processor S

Figure 2: Logical Representation of Process Pairs
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3.2 Multi-Version Software Fault Tolerance
Techniques

Multi-version fault tolerance is based on two or more ver-
sions (or “variants”) of a piece of software, executed ei-
ther in serial or in parallel. The versions are used as alter-
natives (with a separate means of error detection) in pairs
(to implement detection by replication checks) or in larger
groups (to enable masking through voting).

3.2.1 Recovery Blocks

Fault tolerance techniques are alternate versions of a pri-
mary version of software used and the correct output (i.e.
from all outputs of a primary version and alternative ver-
sions) is generated by a selection switch and an applica-
tion dependent acceptance test. The recovery block tech-
nique increases the pressure on the specification to be
specific enough to create multiple functional alternatives
that are functionally the same.

Checkpoint

Memory

- .
Checkpoints

h 4

Primary
Version

Alternate Selection

Switch

il

Input

Output

h 4

Version 1

Acceptance
Test

Alternate

Version n

Figure 3: Recovery Block Model

3.2.2 N-Version Programming

N-Version programming [3] is a multi-version technique
in which all versions are designed to satisfy the same ba-
sic requirements. The correctness of output is determined
by comparing all outputs (Figure 4). The use of a generic
decision algorithm (usually a voter) to select the correct
output is a fundamental difference from the Recovery
Blocks approach, which requires an application depen-
dent acceptance test. This system can potentially over-
come the design faults present in most software by rely-
ing on the design diversity concept.

Version 2

Selection

Input Algorithm

—p Cutput

Version n

Figure 4: N Version Programming Model
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3.2.3 N Self-Checking Programming

N Self-Checking programming uses multiple versions of
software, combined with the structural variations of the
Recovery Blocks and N-Version Programming. N Self-
Checking programming using acceptance tests is shown
in figure 5. Here, the versions and acceptance tests are
developed independently from common requirements.
The use of separate acceptance tests for each version is the
main difference between the N Self-Checking model and
the Recovery Blocks approach.

Version 1 P s
L _:
Acceptance
Test 1
Selection
Input H 3
1 Logie — Ourpur
1
|
Version n
L 4 >
Acceptance
Testn »

Figure 5: N Self-Checking Programming using Acceptance Tests

N self-checking programming using n-acceptance tests
to compare the output for error detection is shown in fig-
ure 6. Like N-Version Programming, this model has the
advantage of using an application independent decision
algorithm to select a correct output. This variation of self-
checking programming has a theoretical vulnerability of
encountering situations where multiple pairs pass their
comparisons, but with different outputs.

Version 1-B L'

Comparison

Selection
Input Logic
—3 Output

Version n-B Ll

Figure 6: N Self Checking Programming using Comparison

Comparnson

3.2.4 Consensus Recovery Blocks

The Consensus Recovery Blocks (Figure 7) approach
combines N-Version Programming and Recovery Blocks
to improve the reliability achieved by using just one ap-
proach. The acceptance tests in the Recovery Blocks suffer
from a lack of guidelines for development and a general
tendency to design faults that are due to the inherent dif-
ficulty in creating effective tests. The use of voters, like in
N-Version Programming, may not be appropriate in all
situations, especially when multiple correct outputs are
possible. In that case, a voter, for example, may result in
failure when selecting an appropriate output. Consensus
Recovery Blocks use a decision algorithm similar to N-
Version Programming as a first layer of decision making.
If this first layer finds a failure, a second layer using ac-
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ceptance tests similar to those in the Recovery Blocks ap-
proach is invoked.

Version 1
\ ‘ Failure

Selection

Algoerithm
Version 2 v

Tnput Siwitch
Switc |_b Output
Switch

Version n /

Error

Acceptance

Test

Figure 7: Consensus Recovery Blocks

4 SOFTWARE FAULTS DETECTION

In this paper [2], a number of techniques are proposed to
detect and recover from transient faults. Transient faults
(also known as soft errors), unlike manufacturing or de-
sign faults, do not occur consistently. To counter these
faults, designers typically introduce redundant hardware
such as RAID architecture, N-modular system, and error
correcting code (ECC) to detect and recover from faults.
However the hardware fault tolerant mechanisms are too
expensive for many markets. On the other hand, software
approaches to redundancy are attractive because they are
essentially free of cost.

4.1 Error Detection by Duplication Instruction
(EDDI)

EDDI [4] is a software-only fault detection system that
operates by duplicating program instructions and using
the redundant execution of programs to achieve fault to-
lerance. Program instructions are duplicated by the com-
plier and are intertwined with the original program in-
structions. Each copy of the program, however, uses dif-
ferent registers and different memory locations so as to
not interfere with one another. At certain synchronization
points in the combined program code, the compiler
makes sure that the original instructions inserts check
instructions and their redundant copies agree on com-
puted values. Since program correctness is defined by the
output of a program, and if we assume memory-mapped
I/O, then a program is executed correctly. Consequently,
it is natural to use stored instructions as synchronization
points for comparison. Unfortunately, it is insufficient to
use the stored instructions as the only synchronization
points, since misdirected branches may cause stored in-
structions to be skipped, incorrect stores to be executed,
or incorrect values to feed a store. Therefore, branch in-
structions must also be synchronization points at which
redundant values are compared.

4.2 Software Implemented Fault Tolerance (SWIFT)
SWIFT [4] is an efficient software-only, transient-fault
detection technique. SWIFT efficiently manages redun-
dancy by reclaiming unused instruction-level resources
that are present during the execution of most programs.
SWIFT makes several key refinements to EDDI and in-

corporates software only signature based control flow-
checking scheme to achieve exceptional fault coverage.
The major difference between EDDI and SWIFT is that
while EDDI's SOR includes memory subsystems, SWIFT
moves memory out of the SOR, as memory structures are
already well-protected by hardware schemes such as par-
ity and ECC, with or without scrubbing. SWIFT’s perfor-
mance greatly benefits from having only half of the mem-
ory subsystems.

5 ANALYSIS AND DRAWBACKS OF EXISTING
SOFTWARE FAULT TOLERANCE TECHNIQUES

The methods discussed in the preceding sections are
mostly used in critical and highly available systems. Fault
tolerant techniques are highly reliable and available.
However we found limitations in some software fault
tolerance techniques. In the single version fault tolerant
technique, reliability is achieved by sacrificing processing
time [5]. On the other hand, in multi-version fault toler-
ance technique, the availability and reliability is achieved
by using redundant components, which results in extra
costs. Moreover, developing the multi-version software is
more complex than for normal software [6],[ 7].

We note that software faults tend to be stated depen-
dent and activated by particular input sequences. Al-
though a component’s reliability is an important quality
measure for system level analysis, software reliability is
hard to estimate and post-verification reliability estima-
tion remains controversial. For some applications, soft-
ware safety is more important than reliability and fault
tolerance techniques used in those applications are aimed
at preventing catastrophes. Single version software fault
tolerance techniques include system structuring and clo-
sure, atomic actions, inline fault detection, exception han-
dling, and checkpoint and restart. Process pairs exploit
the state dependence characteristic of most software
faults to allow uninterrupted delivery of services, despite
the activation of faults. Similarly, data diversity aims to
prevent the activation of design faults by multiple alter-
nate input sequences. Multi-version techniques are based
on the assumption that software built differently should
fail differently, and thus, if one of the redundant versions
fails, at least one of the others should provide an accepta-
ble output. Recovery blocks, N-version programming [8],
[9], N self-checking programming, consensus recovery
blocks, and n / (n-1)-variant techniques were presented.
However special consideration was given to multi-
version software fault tolerance and output selection al-
gorithms. Operating systems must be given special treat-
ment when designing a fault tolerant software system
because of the cost and complexity associated with their
development, as well as their complexity for correct sys-
tem functionality.

6 FUTURE WORK

Many techniques have been developed to achieve fault
tolerance in software. Each technique must be tailored
to the particular application. In this paper, some im-
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portant fault tolerance techniques were reviewed and
their characteristics identified. Future work may in-
volve using this information to develop new and im-
proved techniques. Attention ought to be paid to data
diversity rather than design diversity.

7 CONCLUSION

This paper reviews existing software fault tolerance
techniques and investigates the performance metrics of
these techniques. We identified the characteristics of
several software fault tolerance techniques. Finally, we
analyzed the limitations of these techniques. The ap-
plication of these techniques is relatively new to the
area of fault tolerance. The differences between each
technique provide some flexibility of application.
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A Modified and Cost Effective Approach to

Extractions of Intersections from High
Resolution Satellite Imagery in Different
Road Areas

Boshir Ahmed and Md. Fayzur Rahman

Abstract — Satellite images are rich in information, yet complex to analyze. For Geographic Information System (GIS),
many features require fast and reliable extraction of roads and intersections. Satellite images provide useful data that is
extracted from images of urban areas. Automatic extraction of road intersections in urban areas remains a challenging
task. This is due to the fact that high resolution satellite images contain multiple layers representing roads, buildings and
other high density objects. Our goal is to automatically separate the road layer from other layers and then to extract the
road intersections. Traditional image processing methods fail to achieve satisfactory performance in cases of high resolu-
tion satellite images. This paper proposes a modified and cost effective method for road extraction from high resolution
satellites images. In order to find the precise road intersection of urban areas, we divided the whole process into two se-
quential modules. Firstly, the extraction of road lines using different morphological direction filtering automatically elimi-
nates the other layers. Secondly, the extraction of road intersections determines road orientation and interconnectivity.
The accuracy of road network extraction reaches 96.12%, which is significantly higher than existing road extraction me-
thods.

Keywords—Automatic road extraction, High resolution satellite image, Intersection detection, Remote sensing, Geo-

graphic Information System (GIS), Urban area, Semi urban area, Morphology

1 INTRODUCTION

GEOGRAPHIC Information System (GIS) is becoming
increasingly popular, thanks to the attractiveness of

the internet and satellite images. Google, Yahoo and
Virtual Earth are examples of exhibiting high resolution
satellite images [9]. For Geographic Information System
(GIS), many features require fast and reliable extraction of
roads and intersections. Information about urban and
rural road areas is useful for resource management, secu-
rity monitoring, urban development. With the availability
of high resolution satellite data and processing technolo-
gies, the integration of digital image analyzing systems
with advanced GIS systems permit compositing data
sources and foster a partnership between human and ma-
chine[7]. Satellite images offer opportunities in many
areas, such as security monitoring, communication indus-
try, rural microclimate and transportation navigation,
landscape planning and visualization. Road extraction
from remotely sensed images remains a challenging issue
for image processing [2].
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An early road extraction approach focuses on low-
resolution aerial images. A road detector considering lo-
cal and global criteria has been proposed (Fischler et al
1980). Road tracing step exploits local criteria calculated
by low level processing. The method of line extraction is
based on differential geometry is presented (Steger 1996).
For each pixel in the image convoluted with the Gaussian
kernel, the image profile along the principal direction is
examined. Line points that are the first and second deri-
vations of the profile have a vanishing and minimum re-
spectively, and are detected and connected [4].

Automation is considered the most effective means of
removing obstacles to labour intensive manual processes
and reducing the cost and turnaround of spatial database
updates [5]. Road layers are usually presented in single or
double line format, depending on the image sources [1].
Our scheme considers a road as a group of “similar” pix-
els [6]. Traditional road extraction methods have certain
disadvantages, such as long computational times, the ex-
istence of residual objects in the image that are not classi-
fied as roads and an inability to detect roads in every di-
rections [3]. Most existing extraction methods for high
resolution images rely on road boundaries as key hints
for road extraction [6]. Our proposed methods avoid such
disadvantages by performing automatic segmentation
and various morphological operations in first steps. Vari-
ous intersections aligned with non regular intervals in
second steps are detected in the road’s intersection points.

© 2011 ULAB JSE
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2 RELATED WORKS

Existing approaches to road extraction cover a wide varie-
ty of strategies, using different resolution aerial or satel-
lite images. An extensive overview of the approaches is
provided [11, 12]. Overall, schemes are divided into two
groups: semi-automatic and automatic. Semi-automatic
schemes require human interaction to utilise prior know-
ledge during the process of extraction, such as identifying
road areas. Based on information provided by users,
roads are extracted using methods such as profile match-
ing [13], cooperative algorithms [14], and dynamic pro-
gramming [15]. For automatic methods, we frequently
extract hypotheses for road segments through edge and
line detection, before establishing connections between
road segments to form road networks. When data from
multiple sources is combined [16] reliability improves.
Depending on the type of image, some schemes deploy
contextual information to guide the extraction of roads
[17]. For uncluttered images, reducing the resolution
helps to identify roads as lines [18]. However many pro-
posed methods share the common assumption of relative-
ly simplistic road models. The methods also require roads
that are easily identifiable in images, such as constant
intensity or straight and smooth road edges. As a result,
sensitivity to interferences such as cars, shadows or occlu-
sions is high and therefore consistent and reliable results
often cannot be provided [10].

3 PROPOSED APPROACH

To determine the precise road intersection in urban areas,
the entire process was divided into two sequential mod-
ules. The first is the extraction of road lines using differ-
ent Morphological direction filtering, which automatical-
ly eliminates non-road layers. The second involves the
extraction of road intersections to determine road orienta-
tion and interconnectivity.

The inputs of the method are high resolution satellite
images. The proposed method is based on two steps. The
first is to utilize an automatic segmentation algorithm to
remove background pixels based on the difference in the
luminosity level. We then obtain foreground pixels,
which contain the entire information layer of the satellite
image. The smoothing filter (median filter) is then used to
remove salt and pepper noise, such as small objects that
remain in the automatic segmentation step. Next, differ-
ent morphological operation, dilation and boundary ex-
traction are performed on existing objects to eliminate
excess parts of image objects [9]. In the second part, vari-
ous intersections are detected in the models, which are
classified as three types of cross-roads; T-junctions and Y-
junctions [4]. Finally, roads are extracted by connecting
road intersections using the road tracking method.

Figure 1 illustrates the general process of extracting the
road intersection from satellite images in rural areas.

3.1 Automatic Road Extraction

Applying the automatic road extraction algorithm to dis-
connected road segments is difficult, due to the poor visi-
bility of roads in the original image. Roads are often di-
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vided into several short segments, or are completely miss-
ing from the image. To overcome this problem, we fit
Gaussian models to image points, which represent the
likelihood of being road points. These models are eva-
luated recursively to determine the correlation between
neighboring points. The iterative process consists of find-
ing the connected road points, fusing them with the pre-
vious image, passing them through the directional line
filter set and computing new magnitudes and orienta-
tions. The road segments are updated, and the process
continues until there are no further changes to the roads
extracted. We combine the following steps for automatic
road extraction processes.

Input high resolution satellite image

v

Step 1: Automatic Road Extraction

Automatic Segmentation

v

Smoothing filter

v

Morphological Operation

Dilation

Boundary Extortion

&

Step 2: Road intersection Detection
Detect intersection

v

Extract orientation

v

Output of road intersection extraction

Figure 1: Overall approach to extract road intersections

3.1.1 Automatic segmentation

Segmentation is the process of grouping an image into
units that are homogeneous in terms of one or more cha-
racteristics [20]. The common technique, segmentation, is
used to automatically separate the foreground from back-
ground pixels. The color information from RGB values
is first discarded by converting the original input image
to an 8 bit grayscale with 256 color levels. We then use
a threshold value to convert the grayscale image into a
binary image. Segmentation uses the threshold to seg-
ment the foreground pixels from background pixels.
Threshold assumes that images are composed of regions
with different gray level ranges; the histogram of an im-
age can be separated by a certain number of peaks, where
each corresponds to one region with a seed value that
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separates two adjacent peaks [21]. The gray scale and
binary images are shown in Figure 3 and 4.

The original value of the pixel is included in the computa-
tion of the median filter.

Figure 4: Binary image

3.1.2 Smoothing filter

Median filters are particularly effective in the presence of
both bipolar and unipolar impulse noise. A median filter
is a nonlinear digital filtering technique, which is often
used to remove random and salt-and-paper noise. Noise
reduction is a common preprocessing step that im-
proves subsequent processing results [9]. The replace-
ment of a pixel by the median filter of the gray level in the
neighborhood of that pixel is given by:

()= mesiznlolo )

Figure 5: Median filtered image

3.1.3 Morphological operation

There are two Morphological operations: Dilation and
Boundary extortion. Dilation operations are used for fill-
ing small holes and connecting disjoint object. The dila-
tion processes are performed by laying the structuring
element B on the image A. The structuring element can be
square, rectangular, a circular disc, or any other shape [3].

Dilation:
ADB=1{z||8),n Al0 A
Erosion:

AoB ={z|(8), 0 A

Where z is a displacement of the structuring element.

¢

Figure 6: Image after dilation

The dilation operation is followed by the Morphological
thinning operation. The binary thinning operation auto-
matically extracts road intersections. Thinning operations
are performed using hit-and-miss transform. The thin-
ning of set A by structuring element B is denoted by
AL B and can be defined by the terms of hit-and-miss
transform [9].

A@B = A~ (A® B)
= AN(A® BY.

The hit-and-miss transform is a general binary mor-
phological operation used to identify particular patterns
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of foreground and background pixels within an image.
Binary masks are used to scan over the input binary im-
ages. If the masks match with the pixels, it is a “hit”[9]. If
the mask does not match, it is a “miss.”

Figure 7: Image after boundary extraction

3.2 Road intersection Detection

To discover a road intersection, we first detect the inter-
section candidate before extracting road orientation. The
road seed is a high density pixel denoting the road object.
We now consider the steps described below.

3.2.1 Detecting intersection

A road seed is a binary image, with a white pixel denot-
ing a high probability of a road-like object. As extraction
errors arising from certain pixels on roof buildings or soil
have a similar spectral response to roads and general
morphological operator, the combination with closing,
thinning and 8-neighbour pattern matching does not
work particularly well. This is due to the high sensitivity
to noise. Therefore, stronger constraints and further
knowledge about intersections are required. We consider
three types of intersections. The Crossroads represents
the intersection of two road portions, while the Three-
forked road has three road segments. Each branch has a
different direction. The third is the T-Intersection, consist-
ing of one straight road and a connected branch [4].

VAN |

[a) Cross roads

B =
T N
i

(b} Tejuncticns

X\ ) L
e F&w P .,,-h
P> 7~ A

(&) Thirge-forked soads
Figure 8: Types of road intersections [4].

Consider matching the above models to road seed and
calculating matching value between the models and road
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seed. The model is rotated and positioned over the binary
image. The matching measure is defined as follows,

p(s)-u(B).if Hu(S)>k

M6, =
() 0 , otherwise

3.2.2 Extracting Road orientation

Road layers are connected by constricting branches of
each intersection. Road tracking methods are available
for the hypothesis. A structure of road curve-linear is
modeled as ternary tree [4]. The directions of the tracking
are given by center point and the direction at each branch
of the intersection. The road orientation is extracted in
the following equation,

E(a) = u(An) - t(Aon).  aOA

Where A is the set of edge of the road tree. Ay, and Aoy
are respectively inside and outside regions around road
edges.

Figure 9: Cross points denote road intersections

4 EXPERIMENTAL RESULT AND PERFORMANCE
ANALYSIS

Our proposed method was tested on three sources of high
resolution satellite images in urban, semi urban and rural
areas. The road layers are a mixture of different small
roads, buildings, grounds, and trees with many drive-
ways connected to the road network. The distribution of
buildings ranges from sparse to very close. The area con-
tains many trees, with a number of large trees that are
close to roads. The other layers, excluding the road
layer, are difficult to remove wusing existing tech-
niques. However the proposed approach demonstrates an
ability to overcome these problems. Almost all roads in
the network were successfully extracted and intersection
points detected. The resulting images from our experi-
ment are shown in Figure 9. In the figure, the red cross
(X) represents the road intersection point extracted by the
proposed method. On the other hand, our approach can
extract intersections accurately and does not extract
buildings as roads, even in suburban areas. The results
indicate that we can construct road networks with a high
degree of accuracy. The experimental achieved precisions
with elapsed time comparisons are shown in Table 1. The
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accuracy of our proposed method is fairly similar to the
existing road intersection model, but our elapsed time is
much shorter than every other method.

TABLE 1: ACCURACY OF DIFFERENT ROAD AREA FOR PRO-
POSED METHOD

MS (Mul-
ti Scale
Snake)
Method

Existing
Road Inter-
section
Model

Proposed
Road Inter-
section
Model

Source infor-
mation

Accuracy De-

veloped Sub- 57.9% 95.5% 96.12%

urban Area

Accuracy De-
veloped Urban
Area

Accuracy De-

veloped Rural

Area

Elapsed Time
Developed 1.0624 sec

Suburban Area

Elapsed Time
Developed 1.2256 sec

Urban Area

Elapsed Time

Developed 41114 sec

Rural Area

Extracting the road intersections from various high res-
olution satellite images on an Intel Core2Duo 1.83
GHZ Dual Processors with 2 GB memory took less
than one minute.

5 CONCLUSION AND OBSERVATIONS

The above results show that mathematical morphology is
of significant interest to Very High Resolution Spatial
image interpretation. The neighborhood relations are a
significant advantage. The experiments indicate that the
proposed methodology is particularly worthwhile. Thus a
modified and cost effective method for road intersection
from high resolution satellite images is presented in this
paper. This modified method is performed in two steps;
firstly, global segmentation and morphological direction
filtering using a structuring element [3]. The second step
detects various intersections aligned with non regular
intervals, such as the cross-road, T-junction and Y-
junction [4]. Our proposed method assumes that back-
ground pixels are separable, as the luminosity level of
the background and foreground pixels vary. Foreground
pixels contain larger values than background pixels [9].
The paper’s main contribution to the field is a modified
and cost effective method that automatically and effi-

ciently extracts road intersections from high resolution
satellite images. Our approach does not require former
information of the input satellite image. We applied the
proposed approach to three different satellite images:
urban, semi-urban and rural. The images were obtained
online from Google Map and we successfully extracted
road intersection points to identify geographical infor-
mation. The approach achieved maximum accuracy with
a time lapse lower than other existing methods. The pro-
posed method efficiently detected single, multiple, inter-
sected and branched roads.
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Design and Development of Microcontroller
Based Digital pH Meter

M. A. A. Mashud, M. A. Masud, Md. Serajul Islam

Abstract— A Microcontroller based digital pH meter was designed and developed to measure the value of pH (acidity or alkalini-
ty) for any type of solution. Two op-amps of high input impedance and low output impedance were used to design the pH meter:
one is used as a buffer and the other as a summing amplifier. The output of the summing ampilifier is connected to the microcontrol-
ler as an input. The pH value of a solution microcontroller provides the output value. A microcontroller PIC12F675 was used to con-
trol the developed system’s function. A C language program was developed to control the function of the microcontroller, using the
PCWH Compiler. The output of the microcontroller is displayed as a pH value that ranges from 0.0 to 14.0 in the three seven seg-

ment display.

Keywords— microcontroller, PCWH, Ulcer, Gastric, pH probes, clinic, patients.

1 INTRODUCTION

pH meter is an electronic instrument that measures

a liquid’s pH. A typical pH meter consists of a spe-

cial measuring probe (a glass electrode) [1] which is
connected to an electronic meter that measures and dis-
plays the pH reading. Typical applications include ulcer
and gastric tests in clinics, purification of drinking water,
manufacturing of sugar, pharmaceuticals and cosmetics
industries, effluent treatment plants, dyes and chemicals
plants, biotechnology laboratory, electroplating centers,
food and beverage industries, circuit board etching labor-
atories, flue gas scrubbers, boilers and cooling towers,
pulp and paper manufacturing industries and fermenta-
tion (wine, beer, alcohol) centers.

A pH meter measuring the gastric of patients is ex-
plained in D. Meiners et.al [2]. S.J. Taylor et.al [3] explains
how to test a pH for a nasogastric tube. For improved
performance, pH probes are used to measure the intra-
gastric of patients, which is explained in R.L. Levine et.al
[4] and A. Baghaie et.al [5]. However the above systems
are quite costly and complex and involve fabrication
processes.

This paper’s objective is to develop a typical pH meter,
which is a microcontroller based digital pH meter. The
output of the microcontroller is displayed as a pH value
by the seven segment display throughout BCD to the sev-
en segment decoder. The pH probe technique for intra-
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ics and Communication Engineering, Islamic University, Kushtia-
7003, Bangladesh. E-mail: ms.mashud@yahoo.com
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gastric pH measurement appears to be straightforward in
a technical sense and it is applicable for patients at risk of
stress ulcer bleeding.

2 DESIGN

The system is divided into six parts: the low voltage pow-
er supply, sensor circuit, buffer amplifier, summing am-
plifier, microcontroller unit and display circuit. Low vol-
tage power supply produces 5 volts for the buffer am-
plifier circuit, summing amplifier and microcontroller.
The signal from pH electrode goes to the buffer amplifier
circuit. The amplified signal is the input of the summing
amplifier, which goes to the microcontroller. The output
of the microcontroller operates the display circuit. The
block diagram and the complete circuit diagram of the
developed system are shown in Figure 1 and Figure 2
respectively.

2.1 Low voltage power supply

The microcontroller, BCD to seven segment decoder
and other electronic components are used in designing
the complete pH meter, and require a dc voltage (+5v & -
5v). A highly stable regulated dc power supply was de-
signed for this purpose. The complete circuit of a regu-
lated dc power supply is shown in Fig 2, using IC1 and
IC2 as a voltage-regulating device [6]. It contains four
diodes, D1, D2, D3 and D4, which are connected to the
a.c. supply [7] for +5V. Similarly, D5, D6, D7 and D8 are
connected to the a.c. supply for -5V.

2.2 Buffer Amplifier

The buffer amplifier [8] circuit consists of IC3 and VRI.
The signal from the pH electrode is connected to pin 3 of
IC3. VR1 is connected between pin land 5 for a null set-
ting.

© 2011 ULAB JSE
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Figure 2: Complete circuit diagram of the developed system

2.3 Summing amplifier

The summing amplifier [9] consists of IC4, VR2, VRS3,
VR4, R1 and R2. The output of the summing amplifier is
used as a microcontroller. This system uses two input
summing amplifiers with inverting configuration.

2.4 Microcontroller Unit

The output of the summing amplifier is connected to mi-
crocontroller PIC12F675. The microcontroller converts
data from analogue to digital, analyses data and displays
data. Pin diagrams of microcontroller PIC12F675 are
shown in Figure 3.

The PIC12F675 is an 8-pin package [10]. It has an A/D
converter with 10-bit resolution. A “C” language program
was developed to control the function of the microcon-
troller, using PCWH Compiler [11].

2.5 Display System

Three common cathode 7-segment LED modules display
the pH value of the solution. Efficiently using the pin of
PIC microcontroller allows for the display to be accom-
plished with a BCD 7-segment decoder (MCI4511B) [12].
The microcontroller sends the output signal to the input
pins 7,1,2,6 of BCD to the seven segment decoder, whose
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output pins 13,12,11,10,9,15,14 are connected to the input
of common anode seven segment LED[13].

q

Vo —a | — ¥y
T
GPSTICEIOSCICLEDY A 7 GP0 AN) CTV-1CPDAT
i —{ |7 n 7 [ eoancm-ims
ju— K
PERAANATIGNC N KN T n
CRAAMTIGOS2CLAOUT «—] 3 9§ [— G0N CDRVREFICHLLE
W
GIMCLRY; — ] 4 5 [ manmomnTeoT

Figure 3: Pin diagram of microcontroller PIC12F675

3 SYSTEM PROGRAM

The system program is depicted in the flow chart be-
low:

Convert anzlogus datz
to digitzl

!

Convert binary datz to
decimzl

!

Drizplay

Figure 4: Flow chart of the system program

4 RESULTS AND DISCUSSION

The microcontroller based digital pH meter was success-
fully designed and developed, as its performance was
strong. The result of pH is compared with the actual re-
sult. The model of the laboratory pH meter is PHMSS3,
with an accuracy of +/-0.1%. Figure 5 provides a graphic
representation of the comparison between the designed
system and the laboratory pH meter. The graph illustrates
that the developed system has sound stability and accura-

cy.

pH value

m Available pH Meter
Deaveloped System

1 2 3

No. of observations

Figure 5: Graphic representation of a comparison of the two systems

Our designed pH meter was tested in the pathological
unit of Gono Bishwabidyalay. Fifteen patients (seven
male, eight female) took part in our study. The patients’
demographics are contained in Table 1.

TABLE 1
PATIENTS’ DEMOGRAPHICS

Patient | Gender | Age | Weight | 'gastric

No. (Yr) (Kg) oH
1 Female | 23 59 3.1
2 Male 26 70 3.3
3 Female | 28 62 29
4 Female | 25 61 24
5 Female | 53 69 1.7
6 Female | 40 64 1.3
7 Male 67 60 3.1
8 Male 69 63 2.1
9 Male 60 59 2.3
10 Male 63 72 1.23
11 Female | 56 68 0.99
12 Male 27 64 1.21
13 Female | 25 60 1.05
14 Male 55 65 2.08
15 Female | 46 70 1.53
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If successful treatment depends on accurate intra-
gastric pH measurement, the probe method may be pre-
ferable to the conventional aspiration method. A study by
Lugo et al. concluded that gastric pH should be moni-
tored by nanogastric pH probe and the dose of ranitidine
adjusted accordingly [14].

The advantages include a reduction in the number of
tubes passed into the stomach, improved patient comfort
levels, and the possibility of decreased tube-related eso-
phagitis. A single tube can provide long-term pH moni-
toring and gastric feeding/decompression. An additional
advantage of the combination pH probe-NG tube is its
ability to obtain measurements without handling gastric
secretions. This decreases the exposure of hospital per-
sonnel to potentially infectious agents. The new technique
for obtaining intra-gastric pH measurements appears
technically simpler, clinically applicable, and potentially
more accurate than conventional monitoring of gastric
contents by aspiration and testing with pH paper. The
technical specifications of the developed digital pH meter
are provided in Table 2.

TABLE 2
SPECIFICATION OF THE DIGITAL PH METER

Technical Specifications

Power Require- | 230 V ac +10%, 50

ments Hz

Range 0.0to 14.0 pH

Accuracy +/-0.1 pH

Probe pH electrode

Display Seven Segment
Display

Relative Humidity |5 to 90% non-
condensing

5 CONCLUSION

The price of electronic equipments has fallen signifi-
cantly in recent times, though the cost of medical equip-
ment remains expensive. However due to the rapid de-
velopment of micro electronics, all the designed compo-
nent and instruments are available at a lower price. The
device is reliable in operation and it costs approximately
U$100 for fabrication, whereas the price of a similar in-
strument in the international market is no less than
U$500. Moreover, the comparison of the features of the
presently used system shows that the developed system
is a better choice in terms of cost, portability and design.
Therefore, the opportunity to use the designed instru-
ments will be open to many users, particularly in devel-
oping countries.
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Fast Holographic Image Reconstruction using
Graphics Processing Unit

Mohammad Shorif Uddin, Madeena Sultana, Md. Ziarul Islam

Abstract— Although recent holographic image capturing technology produces high resolution and high-fidelity images,

reconstruction technology is yet to be fully developed.

Digital reconstructions of optically captured holograms are highly

expensive in terms of computation time. This paper describes a fast holographic image reconstruction process using NVIDIA's
Compute Unified Device Architecture (CUDA) enabled Graphics Processing Unit (GPU). This parallel processing technique
speeds up computation to perform faster Fourier transform for the reconstruction of digital holographic images. Our method on
CPU and GPU platforms is measured and compared in terms of its efficiency. The experimental results demonstrate its
improved performance over a factor of 3, as compared with CPU for a holographic image of size (512x512) pixels.

Keywords—Digital Holography, Computer Holography, CUDA, FFT, GPU, Hologram Reconstruction

1 INTRODUCTION

IGITALLY reconstructing holographic images in-
volves acquiring and processing holographic mea-
surement data, which is recorded by CCD cameras
or similar devices. It has a broad spectrum of applica-
tions, including high-resolution imaging, information
processing, holographic interferometry and vibration
analysis. Digital holography includes the numerical reali-
zation of the diffracted integral, unlike an optical recon-
struction. The process of optical recording of the holo-
grams onto photoplates or photothermoplastic film, and
optical reconstruction is highly complex and time-
consuming. Therefore, digitally recording primary holo-
grams and digitally reconstructing recorded data pro-
vides a significant advantage to holographic metrology.
Digital holography for large volumes of 3D objects
was first proposed by Kreis and Jiiptner’s research team
[1]-[3]. A holographic method for depth measurement of
small particles distributed in 3D space was proposed by
Murata and Yasuda [4]. E. Cuche, P. Marquet, and C. De-
peursinge [5] proposed a technique where off-axis holo-
grams are numerically reconstructed with a calculation of
scalar diffraction in the Fresnel approximation. A digital
micro-mirror device (DMD) was used for real-time dis-
play of interferometric fringes in hologram reconstruction
by Thomas Kreis, Petra Aswendt, and Roland Hofling [6].
B. Javidi and E. Tajahuerce [7] presented a technique of
digital holography to obtain three-dimensional (3D) pat-
tern recognition. A technique for controlling the size of
amplitude and phase images, reconstructed from digital
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holograms using Fresnel-transform method was pro-
posed by Ferraro et al. [8]. An algorithm that allows for
the reconstruction of digital color holograms with adjust-
able magnification is proposed and demonstrated by Fu-
cai Zhang, Ichirou Yamaguchi, and L. P. Yaroslavsky [9].
Nicola et al. [10] developed a new technique based on the
angular spectrum of plane waves for numerically recon-
structing digital holograms on tilted planes.

Due to high computational requirements, different ap-
proaches for accelerating the hologram computation were
employed. Fast hardware is exploited, along with accele-
rated algorithms. A number of algorithms, such as a dif-
ferent approximation for computing the light field in
Fourier and Fresnel holograms [11], the use of horizontal
parallax for display applications [12], the special formulas
for fast calculation of optical diffraction on tilted planes
[13] and a large number of heuristics methods [14], [15]
were proposed to accelerate computation. Specialized and
general purpose hardware has been used to speed up
computation. For example, Watlington et al. [16] at MIT
employed a hardware architecture, Satake et al. [17] used
a 128 processor machine, Ito et al. [18] exploited FPGA-
based HORN architecture and Haist et al. [19] began to
use graphic processing units (GPUs) for fast computation
of holograms. Since 2007, the use of GPUs to accelerate
computation became especially interesting, as NVIDIA
introduced CUDA (Compute Unified Device Architec-
ture) enabled GPUs. This provided massive parallel com-
putation power. The exciting new technology leverages
the parallel computation more efficiently than a CPU [20].
A significant amount of research is currently exploiting
this processing power for faster computation of hologram
reconstruction [21]-[23].

This paper describes the implementation of fast digital
hologram generation on a central processing unit (CPU)
and a CUDA enabled graphics processing unit (GPU).

© 2011 ULAB JSE
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2 HOLOGRAPHIC IMAGE AND RECONSTRUCTION

The simple and effective 3D imaging technique, digital
holography, is based on interference patterns between
scattered and unscattered light. It has diverse applications
in particle image velocimetry (PIV) to 3D microscopic
imaging. Fig. 1 shows an in-line digital holographic expe-
rimental setup.

Beam expanding

and filtering Higect

4/
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Figure 1: In-line digital holographic experimental setup.
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The light amplitude, /1 at an arbitrary point on the
plane x-y is expressed in the following equation:
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The distance L between an arbitrary pair of points on
an aperture and a screen can be expressed as:
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Here, A is the wavelength of illuminating light and j
denotes the imaginary unit. In order to obtain recon-
structed images from a hologram, numerous computa-
tions for the Fresnel diffraction are required. The Fresnel
diffraction formula can be expressed as:
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The interference fringes are expressed in the following
equation:

lg = hghg 5)

Where I; is light intensity and hy is light amplitude on
the hologram plane and the asterisk represents the com-
plex conjugate. h; can be expressed as:

he =h(x,y.d;g(£.7)) 6)

Fig. 2 depicts the recording and reconstruction stages
of in-line holography.
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Figure 2: Recording and reconstruction of in-line digital holographic
image.

According to Kreis et al. (4) it can be expressed as fol-
lows:
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The above approach requires one Fourier transform
and one inverse Fourier transform. In our approach, F(gr)
is computed numerically. Fig. 3 depicts the reconstruc-
tion of a full volume holographic image [4].
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Figure 3: Full volume digital holographic reconstruction.

Our computation considers, A=0.6328 um, pixel resolu-
tion, dx=dy= 2 nm. We varied the reconstruction depth z
from 4116 um to 4250 um with an interval of 1 um. Thus,
there are 135 z-sections.

The most significant limitation of digital holography is
the enormous processing power, memory and storage
requirements for holographic reconstructions. This is be-
cause each hologram requires the reconstruction of a 3D
volume of about a thousand different z-sections. Usually,
Fresnel diffraction computation is accelerated by the FFT.
However real-time reconstruction from a hologram is
extremely challenging, even when a faster CPU is utilised.
For this reason, a real-time computation system is a criti-
cal necessity. Graphics processing unit (GPU) [24], [25]
can overcome this problem. GPU uses a multiple-
threading technique to achieve computation in parallel.
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By overcoming this limitation, digital holography will
replace the most expensive confocal microscopy for bio-
logical imaging in the cellular level. Fig 4. depicts a block
diagram of the computation algorithm for holographic
reconstruction.

Hologram image (g) ac-
quisition

Fourier transform of g:
F(g)

U

Multiplication using Eq. (7):
F(g)xF(gr)

I

Reconstructed image (in-
verse Fourier transform of
F(g)xF(gr)) at a depth z

v

z=z+1

Figure 4: Computation algorithm.

3 CUDA OVERVIEW

The CUDA platform is currently the focus of much atten-
tion, due to its tremendous potential for parallel
processing. In November 2006, NVIDIA introduced CU-
DA with a new parallel programming model and instruc-
tion set architecture to solve the many complex computa-
tional problems [20]. Each CUDA complainant device
contains a set of multiprocessor cores, and each core pos-
sesses SIMT (Single Instruction, Multiple Thread) archi-
tecture. Today four quad-core CPUs can run only 16
threads concurrently, whereas the smallest executable
parallel unit on a CUDA device is comprised of 32
threads. All CUDA enabled NVIDIA GPUs support at
least 768 concurrently active threads per multiprocessor.
Moreover, some GPUs support 1,024 or more active
threads per multiprocessor [20].

The performance of recent NVIDIA GPUs is comparable
with a supercomputer. For example, NVIDIA GTX280 GPU
has 240 processing cores, with 1 TFlops (10'? floating point
operations per second) of computation power with 1GB on-
board device memory. The 240 cores of GTX280 are grouped
into 30 multiprocessors, each comprising 8 cores [24]. A pa-
rallel implementation of an application on a GPU can
achieve more than 100 times speedup than CPU execution
[25].

SIMT architecture of CUDA allows a portion of a parallel
application to be executed independently many times on
different data, with many threads running on different pro-
cessors, at any given clock cycle. This parallel portion can be
isolated into a function known as kernel. A kernel is orga-
nized as a set of thread blocks. Each thread block is, in turn,
organized as a three-dimensional array of threads. Typical-

ly, each thread block may contain 128 threads, 256 threads,
512 threads, or as many as 768 threads. Threads within the
same block efficiently cooperate through shared memory
and synchronize with each other. Each thread has a unique
thread ID, which is defined by the three thread indices:
threadldx.x, threadldx.y and threadldx.z. Each block is iden-
tified by a unique, two-dimensional coordinate given by
CUDA specific keywords blockldx.x and blockldx.y. Each
block must have an equal number of threads that are orga-
nized in exactly the same manner. The use of multidimen-
sional identifiers simplifies memory addressing of multidi-
mensional data. The block and grid dimensions, collectively
known as execution configuration, can be set at run-time.

A kernel is executed as a grid of parallel threads. Typical-
ly, each grid contains thousands to millions of lightweight
GPU threads per kernel invocation. This facilitates a large
amount of data parallelism. The hierarchy of grid, blocks
and threads is depicted in Fig. 5.

GPU memory referred as device memory includes three
types: global memory, constant memory and texture memo-
ry. Microprocessors of GPU have 4 types of on-chip memo-
ry: registers, shared memory, constant cache and texture
cache. Cached shared memory enables the threads within
a block to cooperate with each other. However, a major
limitation is the lack of similar mechanisms for block co-
operation. On the other hand, global memory is un-
cached. Therefore, accessing global memory is costly.
CUDA programming requires a single program which
encompasses both host and device codes written in
C/C++ with some extensions [20]. The portions that exhi-
bit little or no data parallels are implemented in the host
code, whereas portions containing rich amounts of data
parallelism are implemented in the device code.
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Figure 5: Hierarchy of grid, threads, and blocks.
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During compilation, the NVIDIA C compiler (nvcc)
separates the host code and device code. The host code is
then compiled with the host’s standard C compilers and
runs as an ordinary CPU process. The device code is fur-
ther compiled by the nvce and executed on a GPU device.

4 COoOMPUTATION ON CUDA

The holograms are computed on NVIDIA GeForce 8 plat-
form, using GPUmat [26]. GPUmat is a freeware devel-
oped by GP-You Group, and allows users to directly
access GPU’s parallel computing power in MATLAB.
GPUmat library [27] is designed to be integrated with
MATLAB and provides basic functions for handling cal-
culations on GPU. With the aid of GPUmat, programs are
easily converted to run on the GPU.

We employed CUFFT [28] library to perform the Fourier
transforms. The CUFFT library provides a simple interface
for computing parallel FFTs on NVIDIA GPUs. The CUDA
library is exceptionally fast for FFT computation. For the two
dimensional complex 512x512 FFTs, performance improves
at a factor of more than 100 when using CUFFT library.

5 RESULTS AND DISCUSSION

Digital in-line holography suffers from a high computa-
tional burden, as thousands of z-sections are required for
3D reconstruction. To overcome the burden, GPU was
employed to compute FFT and IFFT for 135 z-sections to
reconstruct a 3D hologram image. Table 1 illustrates the
overall computation speedup in GPU over CPU, while
Table 2 provides a comparison of reconstruction time for
CPU and GPU with an increasing number of iteration.
Fig. 6 contains a graphic representation of Table 2.

TABLE 1
COMPUTATION TIME SPEEDUP
CPU GPU Speedu
(seconds) | (seconds) P P
Total computation
time (for 135 z- 18.1595 5.3020 | 3.425028
sections)
FFT (for 1 z-section) 0.0546 0.0262 2.083969
IFFT(for 1 z-section) 0.0430 0.0135 3.185185
TABLE 2

COMPARISON OF RECONSTRUCTION TIME ON CPU AND
GPU WITH INCREASING NO. OF ITERATIONS

No. ?f CPU time GPU time Speedup
Iteration (seconds) (seconds)
14 1.9229 0.7078 2.716728
27 3.6516 1.1943 3.057523
68 8.8188 2.7300 3.230330
135 18.1595 5.3020 3.425028
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Figure 6: Computation time comparison for increasing the numbers
of iterations.

Fig. 7 presents the hologram input image and recon-
structions at different depths, z. Here, the image size is
(512x512) pixels and the hologram images are recon-
structed at different depths, from 4116 um to 4236 um,
with an interval of 1 pm. A speedup of 3.5x was achieved
over CPU computation.

The main drawback of GPU computation is the trans-
fer time required between the host memory and device
memory. Copying data from the host’s memory to GPU’s
global memory requires a large fraction of the total execu-
tion time. Therefore, the data transfer time is excluded
from execution time, a significant speedup is achieved
with a large database. A further limitation is that only the
more recent NVIDIA GPUs support double precision
arithmetic. We used NVIDIA GeForce 8500GT, which
supports single precision computation. Since MATLAB's
default is double precision, it was necessary to convert
data before and after each data transfer. This added an
overhead to our application. However the accuracy of the
algorithm for single-precision and

double-precision arithmetic is evaluated. The quality
of the reconstruction from the algorithm using single-
precision arithmetic on GPU is comparable with the qual-
ity from the double-precision arithmetic on CPU. Thus
the implementation using single-precision arithmetic on a
GPU platform can be used for holographic reconstruction.

6 COMPUTATION ENVIRONMENT

Each test was executed on Intel Pentium 4 (host) and NVI-
DIA GeForce 8500GT (device). Tables 3 and 4 list the host
and device specifications, respectively.
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a) Input hologram Image

(512x512)

©

d) Reconstructed hologram

Image (z=4176 pm)

) Reconstructed hologram
Image (z=4116 pm)

©

e) Reconstructed hologram
Image (z=4206 pm)

¢) Reconstructed hologram
Image (z=4146 pm)

©

f) Reconstructed hologram
Image (z=4236 pm)

Figure 7: Hologram input image and reconstructions at different depths, z.

TABLE 3
HOST SPECIFICATION

Processor Intel Pentium 4, 3.00 GHz
No. of Cores in processor 1
No. of Threads in proces- 2

sor

Memory 512 MB, 268.0 MHz, DDR2
Motherboard Gigabyte Technology Co. Ltd,
945 GZM-S2
TABLE 4
DEVICE SPECIFICATION
Processor NVIDIA GeForce 8500GT
Cores 16
Maximum threads per block 512
Total global memory 512 MB
Shared memory per block 16 K
Registers per block 8192
Wrap size 32
Total constant memory 64 K

7 CONCLUSIONS

Efficient hologram computations are essential to diversified
applications. Although numerically efficient image recon-
struction algorithms currently exist, real time reconstruction
is unfeasible on standard CPUs. This paper presents a GPU
based 3D hologram reconstruction. Our experimental results
demonstrate that the hologram computation with iterative
Fourier transform is faster using the GPU than the CPU. Our
GPU based computation is approximately 3.5 times faster
than CPU computation. In addition, this technique could be
further extended on a multi-GPU platform. Due to the high
speed of calculations, we propose that the ideas presented in
this paper may have widespread applications in these areas.
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Design and Development of Microcontroller
Based Portable Digital Surface Contamination
Monitor

M. A. A. Mashud, M. R. A. Bhuiyan, M. A. Masud, Md. Serajul Islam

Abstract—The microcontroller based portable digital surface contamination monitor serves as a guide for evaluating workplace
hazards caused by surface contamination. It also assists physicians in determining whether special protective measures for
workers are necessary in contaminated areas. The system’s design concept is useful for measuring surface contamination. In
this design, a Geiger Muller detector with an ultra-thin mica window detects 3 radiation as well as y radiation. A microcontroller
PIC16F676 controls system function. A C language program was developed to control the function of the microcontroller, using
PCWH Compiler. The reading is displayed in a seven segment display. It is user-friendly for specialists and non-specialists alike,
and the device is easily decontaminated. The device’s many advantages include its smaller size, on-device display, lower cost

and improved portability.

Keywords—@-y radiation, PIC16F676 microcontroller, PCWH Compiler, GM detector, low-cost, digital, nuclear medicine,

radioactive material

1 INTRODUCTION

ONTAMINATION is defined [1] as the presence of

undesirable radioactivity, either in the context of

health or for technical reasons, such as increased
background or interference with tracer studies. Contami-
nation may result from radioactive gasses, liquids or par-
ticles. Radioactive contamination may exist on surfaces or
in volumes of material or air. The design concept of a
Portable Surface Contamination Monitor is very conve-
nient to detect the surface contamination in the Nuclear
Medicine Centers, Nuclear Reactor, Radioisotope Labora-
tories, Radioactive Waste Management, Industrial Envi-
ronment and any other places where radioactive material
is used.

Several radiation monitoring systems are designed lo-
cally in Bangladesh. A portable radiation survey meter
using GM detector is explained in S. Islam et.al [2]. How-
ever this option cannot obtain a statistical analysis of digi-
tally stored data, or any other form of analysis. The de-
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vice’s battery backup time is approximately 150 hours.
The sensitive radiation survey meter as -y radiation
monitor using scintillation detector Nal(TI) is explained
in S. Islam et.al [3]. This device’s battery backup time is
approximately 180 hours. The above two systems are
fully analog and a large number of components were
used. However these systems are quite costly and com-
plex in design.

We developed an alternative approach: a microcontrol-
ler based digital surface contamination monitor. The de-
veloped system has one detector that measures -y radia-
tions. The battery backup time for our developed system
is over 220 hours. The analog outputs of the GM-detector
will be analysed and converted to digital data using a
microcontroller. The BCD converts the digital data to the
corresponding decimal number and display. Using readi-
ly available components and simple circuitry, the system
is portable, low-cost, simple in design and fully digital.

2 EXPERIMENTAL METHODS

The system is divided into three parts: the detector cir-
cuit, the microcontrolling unit and the display circuit. The
detector circuit contains the GM tube and regulated high
voltage power supply.

The analog output of the detector is converted into dig-
ital data using the microcontroller and fed into the BCD 7-
segment decoder for display. The block diagram of the
overall system and complete circuit diagram of the devel-
oped system is depicted in Figure 1 and Figure 2 respec-
tively.

© 2011 ULAB JSE
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Figure 2: Complete circuit diagram of the developed system

2.1 The Detector Circuit

The common cathode detector [4] circuit was deployed in
this work. The high voltage +600 volt [5] is connected to
the anode of the detector through a current limiting resis-
tor Ri. The resistor Ri limits the current through the GM
tube and assists advanced ionization to the quenched. The
cathode of the detector is connected to the resistor Rz and
generated by the detection of radiation, which is fed to
the microcontroller through resistor Ra.

2.2 Microcontroller Unit
The output of the detector is fed to the microcontroller
PIC16F676 through resistor Rs. The microcontroller con-
verts data from analog to digital, analysis data and dis-
play data. The pin diagram of the microcontroller is dis-
played in Figure 3.

The PIC16F676 is a 14-pin packages [6]. It has a 10-bit
A/D converter and 32 MHz of processing speed [7], [8]. A

“C” programming language was developed to control the
microcontroller’s function using PCWH Compiler [9].
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Figure 3: Pin diagram of PIC16F676 microcontroller
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2.3 The Display Circuit

Three common cathode 7-segment LED modules display
radiation value. When the pin of PIC microcontroller is
used efficiently, the display is achieved by using a BCD 7-
segment detector (MC14511B) [10]. The microcontroller
sends the output signal to the input pins 7,1,2,6 of BCD-
to- Seven-Segment  Decoder, whose output

Figure 5 depicts the counts per second and the corres-
ponding Bq/cm? reading. The counts per second give an
approximation of the radiation field.

Counts/Sec vs Bg/om2

pins13,12,11,10,9,15,14 are connected to the input of 10
common cathode segment LED [11]. v B
@ .
3 SYSTEM PROGRAM § ’
The system program and flow chart is depicted below: 3 4
2

0 2 4 G 3 10

Bqiem2

Figure 5: Counts/Sec vs Bg/cm? curve

[ Initialization ]

The instrument underwent thorough tests, with satis-
factory results. The system was calibrated using a radia-
tion source from SSDL. Contamination linearly varies
with count/s. The instrument detects the presence or ab-
sence of contamination on a sample surface.

The radiation survey meter currently being used in
Bangladesh is fully analog and its cost is high. In contrast,
our developed system is fully digital and its price is com-

Analog data
Input

Store digit
l paratively lower.

Several portable radiation survey meter devices avail-

Wait able in the market were compared with the developed
system, in terms of features, accuracy and cost. The com-
l parisons are listed in Table 1.
Convert analog data
nalog TABLE 1
to digital
COMPARISON OF OTHER RADIATION MONITORING DEVICES
l WITH THE DEVELOPED SYSTEM
Convert binary data Portable Radi- | Sensitive Rad- | Developed
to decimal ation Survey | iation Survey | System
¢ Meter? Meter?
Display Accuracy +10% of full +10% of full +2%
scale deflec- scale deflec-
Figure 4: Flow chart of the system program tion tion
Module Transistor Transistor Microcontr-
4 RESULTS AND DISCUSSION oller
The system was successfully developed and its perfor- Measuring Analog Analog Digital
mance was strong. The system employed a local, low-cost system
PIC16F676 microcontroller. To avoid the complex compa- 5 m < N < N P
rator and A/D converter circuit, we used an internal attery  life pprox. 150 pprox. 180 ore than
comparator and A/D converter for the microcontroller. time hours hours 220 hours
Furthermore, the internal frequency successfully avoided ‘ .
. . . . or conti-
the external oscillator circuit. Thus the entire system func-
tion depends on the developed software. The circuit de- nuous use
sign is simple and compact. Price (US$) 1500 1200 700
Each output pulse from the GM tube was counted.
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Table 1 demonstrates that the developed system is
highly accurate. The cost is significantly lower than other
systems with similar features. The specifications of the
developed system are shown in Table 2.

TABLE 2
SPECIFICATIONS

Item Description
Battery type D-size, 1.5 volt (4 batteries)
Detector CANBERA series 2000/8676
High Voltage 600 Volts dc
Measurement range 0-10Bq/cm?

Control system Fully automatic control by micro-

controller

Display 7-segment LED

5 CONCLUSION

In recent times, the cost of electronic equipment has fallen
significantly, though nuclear equipment remains expen-
sive. However due to the rapid development of micro
electronics, all designed components and instruments are
inexpensive. A Surface Contamination Monitor from the
international market costs around US$ 2,000, while the
price of the developed Portable Digital Surface Contami-
nation Monitor is less than US$700. Moreover, when the
features of the presently used system are compared with
the developed system, the latter emerges as a better
choice in terms of cost, portability and design. Particular-
ly in developing countries, the use of the deigned instru-
ments will be accessible for many users.
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Performance Analysis of Different
Propagation Models and the Correlation with
Cellular Mobile Communication Systems

M. Mowrin Hossain and P. Mohan

Abstract —In this paper, the performance of different propagation models were analysed by calculating the variation of path loss
with distances and frequencies. To correlate the propagation model with the wireless technique, a cellular communication
system comprising five adjacent regions with actual population area and environmental conditions were considered. Path losses
are increasing with the increase of distances and also depend on the systems where path losses are obtained from free spaces,
flat earth and the ITU model. The value of path losses obtained from the Walfisch-lkegami model is lower for the frequence of
900 MHz 1800 MHz. On the other hand, higher values of path losses were observed for Okumura-Hata and Lee’s model. The
Walfisch-lkegami model is less dependent on distances and frequencies. The effective isotropic radiated power (EIRP) and
coverage threshold was calculated using Hata-Okumura, Walfisch-lkegami and Lee’s model at 3 and 6 cell sectoring
communication systems. The performance of the handoff mechanism was analyzed using the propagation model.

Keywords —Propagation model, Handoff, Path loss Eirp, coverage threshold.

1 INTRODUCTION

TODAY we live in the era of communication. The cel-
lular concept of modern electronic communication

was a major break through in solving spectral conges-
tion and user capacity. It offers very high capacity in a
limited spectrum allocation, without any major technolo-
gical changes. It is essential for engineers to understand
the propagation model in order to predict cellular com-
munication systems[1]. The propagation model focuses
on path losses between the transmitter and receiver dur-
ing the period of propagating radio waves. Models are
empirical in nature, which means they are developed by
collecting extensive data for specific geographical and
environmental scenarios.

Cellular mobile communication techniques are becom-
ing increasingly popular. Cellular systems provide more
channels per unit coverage area in terms of splitting and
sectoring. The processing of handoffs is an important test
in any cellular mobile radio system. Handoff must be per-
formed as seldom as possible to avoid the "ping-pong"
effect [2]. When a particular signal level is identified as
the minimum acceptable range, it is established as the
threshold at which handoff is made. The present work
compares the performance of different propagation mod-
els. To correlate the propagation model with wireless
techniques, the area comprising Rajshahi City Corpora-
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tion and its adjacent upazila, Poba of Bangladesh was
considered for developing a model as an example of cel-
lular systems [3, 4]. The effective isotropic radiated power
(EIRP) coverage threshold was calculated and the handoff
strategies of this system were predicted using Hata-
Okumura, Walfisch-Ikegami and Lee's model.

2 ANALYSIS OF PROPAGATION MODELS

During the travelling of radio waves from transmitter
to receiver, attenuation suffers as a result of propagation
loss. Different propagation models are used to predict the
above mentioned propagation loss. Different models were
developed to understand propagation behavior in various
environmental conditions [5].

Okumura-Hata, Walfisch-lkegami and Lee's models
are currently the most popular propagation model for
predicting path loss. The Okumura-Hata model was de-
veloped in 1980 by Hata [6] and based on measurements
reported by Okumura et al. [7] in 1968, and can be simpli-
fied for the use of a particular frequency [1] such as 900
MHz and the typical mobile antenna height of 1.5 meters
to measure loss.

Loss=146.8-13.82log h+(44.9-6.55log h)logd ————- ()]

Digital mobile radio systems modify the model above
for a typical frequency 1800 MHz [1] as follows:

Loss=157.3-13.82log h+(44.9-6.55log h)log d ————(2)

Further progress was made by combining two separate
models by Walfisch and Ikegami (COST-231). This in-
volves an equation similar to the Okumura-Hata equa-

© 2011 ULAB JSE
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tion, but also includes terms accounting for 'rooftop-to-
street diffraction' and 'multi-screen diffraction'. The main
advantage is that it retains validity even when the trans-
mitting antenna is below the surrounding roof height.
The predicted loss Walfisch-Ikegami model is demon-
strated by the equation:

Loss = 426+ 20logq (f )+ 26l0g;(d)

Lee's path loss model was based on empirical data
chosen as a flat terrain area. It is also known as "North
American model" [10].

Loss= 10%7 384log( 4609 20lody, 30-100g(m/A—0ps—Om ———@

Handoff initiation was also analyzed, using the above
mentioned path loss models. The actual data for popula-
tion and coverage area [3] were used for planning cellular
systems in five different zones. The different parameters
were calculated by considering 3 and 6 cell sectoring sys-
tems. The following simple link budget equation is used
to calculate coverage threshold and effective isotropic
radiated power (EIRP) [1];

Coverage Thershold (dBm) = EIRP - Path loss (dB)

Traffic per subscriber is also calculated using the well
known Erlang formula [8].

3 RESULTS AND DISCUSSION

The performance of the free space, flat earth, ITU mod-
el, Egli model, ITU Terrain, and Young propagation mod-
els were analyzed by calculating path loss. Results dem-
onstrate that the path loss is dependent on distance and
system losses.

A comparison of the distance dependent path losses
was obtained from calculated results produced by the
Okumura-Hata, Walfisch-Ikegami and Lee's propagation
models shown in figure-1 and figure-2 at 900 MHz and
1800 MHz respectively. The path loss dependent on the
base and mobile station antenna height was also calcu-
lated.

It was found that the path loss increases with an in-
crease in distance. On the other hand, it decreases when
there is an increase in base and mobile station (antenna)
height. Calculated results show that the path loss is total-
ly dependent on environmental conditions and frequen-
cies. The path loss is slightly dependent on frequency, in
the case of the Walfisch-lIkegami propagation model.
However it is heavily dependent on the frequency in
Lee's model. The minimum propagation loss is obtained
from the Walfisch-Ikegami model. It is approximately the
same for Hata-Okumura and Lee's propagation model at
the same distance and frequency (Fig-1, Fig-2).
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Figure 1: Performance analysis of distance dependent path loss at
900 MHz for Hata-Okumura, Walfisch-lkagami and Lee's Model.
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Figure 2: Performance analysis of distance dependent path loss at
1800 MHz for Hata-Okumura, Walfisch-lkagami and Lee's Model.

An analysis of handoff initiation is contained in figure-
3. The result was obtained using different path loss mod-
els, such as the Okumura-Hata, Walfisch-Ikegami and
Lee's models. This figure shows that the Handoff occurs
at a lower distance for Okumura-Hata model than Wal-
fisch-Ikegami model. It occurs in Lee's model at a further
distance than the other two models.
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Figure 3: Performance analysis of handoff mechanism by using dif-
ferent propagation models
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The method of analyzing path loss is vital for predicting
the cellular communication system. It was observed that
the effective isotropic radiated power (EIRP) and cover-
age threshold of the cellular system is easily calculated by
using different propagation models. The path loss is also
dependent on cell radius. The cell radius dependent path
loss at three sectoring cellular system is shown in figure-
4. The path loss was obtained by using different propaga-
tion models. Path loss increases as the radius increases.
The path loss obtained from Walfisch-Ikegami and Lee's
models are approximately the same. Conversely, the val-
ue is higher in the case of the Okumura-Hata model (Fig-

160
120 — A
= M“’
=]
=
K —a— Hata-Okumura Model
= —e— walfisch -lkegami Model
E —a— Lee's Model
40
o
o 05 1 15 2

Figure 4: Perfomance analysis of cell radius dependent path loss at
3 cell clusters cellular system for Hata-okumura, Walfisch -lkegami
and Lee’s model.

Cell-radius dependent effective isotropic radiated power
(EIRP) is shown is figure-5 and figure-6 for three and six
sectoring cellular systems respectively. It is evident from
the results that the values of EIRP calculated by using
Walfisch-lIkegami and Lee's propagation model is neglig-
ible within the cell-radius of 1.03 km for three sectoring
system. On the other hand, it is within 0.88 km for six
sectoring system.
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Figure 5: Performance analysis of cell radious dependent EIRP at 3
sector cellular system was calculated using Hata-okumura, Walfisch-
Ikegami and Lee’s model.
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Figure 6: Performance analysis of cell radious dependent EIRP at 6
sector cellular system was calculated using Hata-okumura, Walfisch-
Ikegami and Lee’s model.

4 CONCLUSION

The path loss calculated using different propagation
model varies with distance, frequency and environ-
mental factors. The data analysis confirms that the
path loss calculated by Walfisch-lkegami model is
lower and less dependent on distance. Lee's model is
preferable for calculating long distance handoff me-
chanisms. By contrast, the Okumura-Hata model may
be used for short distance communication systems. We
may also conclude that the Hata-Okumura propaga-
tion model is appropriate for the region of cellular sys-
tems, as proposed in this paper. The effective isotropic
radiated power (EIRP) and coverage threshold are de-
pendent on the radius of the cell for mobile communi-
cation techniques.
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Feature Extraction Clustering in Text Mining
using NMF Basis Probability

Paresh Chandra Barman, Md. Sipon Miah, Bikash Chandra Singh

Abstract—It is obvious that unlabeled document or text collections are becoming increasingly larger. However mining this data
is a challenging task. Using the simple word-document frequency matrix as feature space makes the mining process more
complex. As text documents are commonly represented as high dimensional, a few thousand sparse vectors have a sparsity of
about 95 to 99%. This paper proposes the document feature extraction and clustering method, based on the probability of Non-
negative Matrix Factorization (NMF) basis vectors. Due to the nature of part-based feature selection, NMF algorithm significantly
reduces the dimension of the feature vectors of word-document frequency from a few thousand to a few hundred to successfully
cluster the documents. The performance of the dimension deduction and clustering has been observed for the Classic3* dataset.

Keywords— NMF, CISI, MED, CRAN

1 INTRODUCTION

EXT Miming discovers useful knowledge or patterns

from unstructured or semi-structured text. The

clustering or categorizing of text documents is a
fundamental part of the text mining process. Over the last
few years, the amount of textual information available on
the World Wide Web, corporate intranets and news wires
has grown exponentially. While the amount of textual
data is constantly increasing, our ability to process and
utilize this information remains largely unchanged. One
of the greatest challenges facing information science and
technology is to develop algorithms and software that can
efficiently organize, access and mine such a vast amount
of information.

Feature extraction from the huge amount of textual
data is important for achieving an efficient algorithm to
categorize unstructured text data. A large amount of
research has focused on reducing the dimensions of the
document feature vector. In this paper, we focus on
reducing the document feature vector and clustering
natural language documents into a pre-defined set of
topical categories, commonly referred to as document
clustering. Document clustering is an enabling technology
that is essential for many information processing
applications.
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The NMF algorithm was successfully deployed for
semantic analysis [1]. Xu et al. (2003) demonstrated that
NMF outperforms other methods, such as singular value
decomposition and it is comparable with graph
partitioning methods, K-mean clustering [3-12],
probabilistic clustering using the Naive Bayes or
Gaussian mixture model [1, 9] etc. F Shahnaz et al. (2004)
cluster text documents by imposing sparsity constraints
into the NMF algorithm. This sparsity constraint creates a
slow convergence of the algorithm.

Another related line of research is the simultaneous
clustering approach. I. S. Dhillon et al (2003) compare the
efficiency of one dimensional clustering and information
theoretic co-clustering of joint probability distribution of
two random variables or co-clustering, Zha et al., (2001)
to reduce the dimensionality of feature vectors. Data
instances and their attributes are simultaneously
clustered to enhance the effectiveness of clustering and
interpretability. However the simultaneous clustering
approach focuses on a fixed set of documents, and
therefore, strictly speaking, it fails to provide a generative
model for arbitrary documents. Jia Li et al (2004) use the

two-way Poisson mixture models to reduce the
dimension of document feature vectors. A common
approach associated with these methods is the

consideration of the whole document collection. This
provides a highly dimensional document feature vector
as the starting point.

The general paradigm involves term-frequency
document matrix to represent text documents. The
elements of matrix V = [vy] where vj is the term frequency
i.e., the number of times word i occurs in document j.
Each document in a collection is represented by an n-
dimensional vector. For a collection of documents
covering several topical classes, it commonly uses a large
number of words, leading to a large vocabulary size, and
all document vectors occupy a high-dimensional space.
Alternatively, the number of distinct words in any single

© 2011 ULAB JSE
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document is usually substantially less than the size of the
vocabulary, leading to sparse document vectors and
vectors with numerous zero components. High
dimensionality and sparsity pose a challenge to many
classification algorithms.

Our approach involves randomly selecting documents
from the text collection and finding the term-frequency
document matrix V as a starting point. Using NMF, we
find a medium dimensional feature vector in each class.
The term index of the basis vectors, as obtained by the
NMF algorithm, is random probability distribution. By
rearranging the term indices, we convert random
distribution as Poisson probability distribution and
calculate the probability rank of each NMF basis vector.
Using a threshold on the rank of basis-probability, we
selected the most significant basis vectors. As a result,
very small dimensional feature vectors were obtained.
The small dimensional feature vectors are used
throughout the document collection for clustering or
classification framework, again using the NMF algorithm.

2 OVERVIEW OF THE NMF ALGORITHM

Given a non-negative n x m matrix V; find non-negative
factors, W, of n x r matrix, and H, r x m, such that: V =
WH or r
Vlj z(WH)lJ =%WlaHaJ ............... (1)

Where ris chosenas r < nm/(n + m)

e V is the word-frequency matrix

* W is basis feature matrix;

e H is encoded matrix and it is one-to-one
correspondence with a sample of V.

The update of W & H are as follows [1],[ 8]

(n+1) _ () T Vij
Hp 7 =Hp QD[[W Wi Ty )

Vi (n+D)
(n+) . (n) 1 T
Wik _Wik QD W(")H(”H'l) ij,[H ]jk o 3)
W(n+1)
W(n+1) ik
ik %7”'_1 ....................................................... 4)
s

Where QD (A’B)ij =2k AikBkj = AB, and all the ();

indicates that the noted division and multiplications are
computed element by element.

2.1 Proposed NMF model

Our overall model is shown in figure 1. The text
documents box represents the collection of raw
documents. The preprocessing steps remove common
words. NMF feature extractor step extracts the text

features of a moderate dimension. The feature selection
step selects significant features, based on their probability
rank and so reduces the feature dimension. This small
dimensional feature set is then used to extract features for
the rest of the documents. Finally, the 2rd NMF step
clusters the documents.

2.2 Text document
In order to justify the proposed approach, Classic3 document
corpus is considered. The corpus consists of 3,891 abstracts of
three separate journal articles. The distribution of the articles is
as follows:
+ MEDLINE: 1,033 abstracts from medical journal.
4+ CISI: 1,460 abstracts from information retrieval
journal.
4+ CRANFIELD: 1,398 abstracts from aeronautical
systems papers.

Text document |
Text document |
. - Text document , .
’ R
. e,
A 4 h |
Pre- 1% step Feature
processing NMF Extraction
> (Feature For whole text
extractor) corpora

lL ﬂ

Select the significant

. 2 st,
NMF Basis vectors gv_r;,l(?
based on the rank of Clustering

Probability.

Figure 1: Text Document clustering process using NMF
algorithms.

2.3 Pre-processing

This step involved filtered out certain English stop words
(sample list ) such as “the” and “to.” The numerical
values and special characters include <, =, etc. After
removing the words or characters, 301,808 words
remained in the whole corpus.

2.4 NMF Feature extractor

This step involved randomly selecting 600 documents
(around 200 documents from each type of journal) from
3,891 documents of the corpus. We then used the term-
document frequency vector to represent each document.
Let wd = {Wl, W,y W } be the complete vocabulary

set of the 600 documents. The term-document frequency
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defined as
the

frequency of the word j in document i. In this case
m=7972 and i=1, 2, 3... 600. As we know, there are three
types of documents. By using NMF, the vocabulary set
was segmented into three basis feature vector W as
shown in figure 2. Basis vectors are random probability
distribution of words or terms corresponding to the

T where c= 1,2, 3.

wjc be the j word in the basis feature vector c. We
rearranged each basis vector index j and normalized it to
create a Poisson-like probability distribution to define
NMF basis-probability distribution. Applying a threshold
value on each basis-probability distribution, we found the
indexes of the most probable words or terms for each
cluster or class. Using these indexes, we created a reduced
vocabulary set. Thus, we significantly reduced the
dimension of each feature vector.

vector v; of document d; is

T
v, = [V, Xy X, ]

> Vmi

where x5 represents

documents. W, =[w  ,W,_ ..., W

mc]
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Figure 2: Prior to reducing the dimension of vocabulary size. The left
figure shows the learning curves; X-axis represents the number of
iteration (800); Y-axis the KL divergence value. The medial figure
shows the basis feature for 600 documents; X-axis is the word index
of the vocabulary set (7972); Y-axis is the relative weight or strength
of the words corresponding with the feature vectors. The figure on
the right shows the relevant strength of the documents to the
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clusters. X-axis is the documents indices and the Y-axis is the
relative weight of the documents to the clusters.

2.5 Feature Extraction for whole text corpora

Using this reduced vocabulary set, we extract the word-
document frequency feature matrix for the whole corpus
in order to cluster whole documents or classify new
documents, which is relevant to this document collection.
Now the word-frequency vector V; of document d;, is

defined as V, =[X;,X5;5e0s X 1" where X represents
the frequency of the word j in document i, in this case: i=1

to 3891, and j=1, 2... reduces vocabulary size.
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Figure 3: After the vocabulary size was reduced. The left figure
shows the learning curves; X-axis represents the number of iteration
(800); Y-axis the KL divergence value. The medial figure shows the
basis feature for 600 documents; X-axis is the word index for the
vocabulary set (1206); Y-axis is the relative weight or strength of the
words corresponding to the feature vectors. The right figure shows
the relevant strength of the documents to the clusters. X-axis is the
documents indices and the Y-axis is the relative weight of the
documents to the clusters.

2.6 Second step NMF (Clustering)

Here, we again factorize the new word-frequency matrix V
into two factors: W (the basis weight matrix) and H (the
encoding matrix). The encoding matrix H of dimension rxm,
(where r is the number of clusters and m is the number of
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documents) was used to cluster the documents. We
normalize the encoding matrix H, as shown in the pseudo-
codes of NMF. Each row depicts the relevant probability of
documents corresponding with the cluster. This paper
considers the maximum probability for clustering the
documents.
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Figure 4: The top figure shows the three basis feature for whole
documents. The X-axis represents the word index of the vocabulary
set (1206); the Y-axis is the relative weighs or strength of the words
corresponding to the feature vectors. The bottom figure illustrates
the relevant strength of the documents to the clusters. The X-axis is
the documents indices and the Y-axis is the relative weight of the
documents to the clusters.

3 RESULTS

The graphic representation of learning curves, semantic feature
W, and clustering or encoding matrix H are shown in figure 4.
Clustering performance of the training documents are shown in
Table-1.

TABLE 1

CLUSTERING RESULTS FOR 600 DOCUMENTS (200 FROM
EACH CATEGORY) OF THE CLASSIC3 TEXT DATABASE

Clustering before
reducing the
vocabulary set

Clustering after
reducing the
vocabulary set

CISI 196 | 2 2 200 0 0
MED 11 182 7 3 197 10
CRAN |3 0 197 | 2 1 197

Accuracy = 95.8%

Accuracy = 99%

TABLE 2

THREE SEMANTIC FEATURES OF A TOTAL OF 1,206
WORDS, ONLY THE TOP 20 FOR EACH BASIS SEMANTIC

FEATURE ARE SHOWN.

Semantic Feature | Semantic Semantic
for CRAN doc Feature for Feature for
MED doc CISI doc
flow patients information
pressure cells library
boundary cases system
results growth research
theory treatment data
layer normal libraries
number result systems
method present can
mach found book
shock during retrieval
solution case science
heat blood scientific
obtained cell study
wing human problems
surface disease user
equations effect paper
temperature changes such
presented renal literature
effects rats subject
supersonic cancer between
TABLE 3
CLUSTERING RESULTS FOR THE CLASSIC3 TEXT
DATABASE
Clustering for all 3,891 documents
CISI 1452 2 6
MED 35 993 5
CRAN 19 1 1378

Accuracy = 98.25%
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Post-processing: In this step we attempt to determine the
correlation among the documents and semantic features.
¢ A graphic representation of this correlation is
shown in figure 5.
% Semantic feature or information: The three
semantic features are shown in figure 2.

% Clustered documents are shown in table 3.

4. CONCLUSION AND FUTURE WORKS

As the feature of the text data is sparse, the majority of
the word-frequency matrix is zero and mainly depends
on the number of unique words in the vocabulary set.

1200

1000

200 400 600 800 1000 1200
Word by Word Correlation after NMF

500 1000 1500 2000 2500 3000 3500
Document by Document Correlation after NMF

Figure 5.1: Correlation between different factors: the top figure
represents the correlation among the words (WxW"); the bottom
figure represents the correlation among the documents (H'xH).

The many non-significant words do not significantly
contribute to clustering the documents. NMF is a simple
and effective algorithm to reduce the dimension of
feature vectors of text data. It is also a simple and
adaptive algorithm for document clustering. The learning
time and memory reduces significantly after reducing the
dimension and increases clustering efficiency.

ULAB JOURNAL OF SCIENCE AND ENGINEERING

In this paper we present only hard-clustering. In future,
we will include soft-clustering, which means that one
document could be members of more than one cluster.
We will also attempt sub-clustering (tree-like clustering)
the documents. This paper has extracted only three
semantic features, but in the near future we will extract
further small parts of semantic features. We will also use
text-base user identification to create an intelligent office-
assistant system.
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