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Estimation of Consciousness of Human Mind Using Wavelet Transform

International Journal Of Computational Engineering Research (ijceronline.com) Vol. 2 Issue. 8

“Tinku Biswas, *Swarup Sarkar, *Akash Ku. Bhoi, *Surajit Bagchi,

123 Department of AE&I Engg, Sikkim Manipal Institute of Technology (SMIT), Majitar
*Department of AE&I Engg ,Heritage Institute of Technology, Kolkata

Abstract

This paper introduces a two non-invasive electrode based electroencephalography (EEG) scheme to pick-up the bio-
potential (generated by the neuron network of human brain) for the assessment of consciousness level. With the help of a
suitable algorithm (developed by us), processed in LabVIEW environment, real-time B-wave (frequency range 13-30 Hz.) is

extracted (representing the consciousness level of the brain activities) from the complex bio-signal and reproduced on the
computer monitor. The data array is further processed in MATLAB platform using Daubechies wavelet transform (dB 6,
level 9) to cross check the results of interpretation of one’s awareness level as obtained from LabVIEW environment. The
results provided by our proposed device are in good agreements with the actual physiological actions of the subjects’ brain
and supported by the clinicians.

Key-Words: Electrodes, EEG, B-wave, consciousness ,Level of consciousness, Daubechies wavelet transform, dB6.

1. Introduction

EEG is a graphical record of the electrical activity of the brain. Three types of brainwaves are associated with
different levels of arousal: theta waves occur during sleep, alpha waves are associated with wakefulness, and beta waves with
excitement. EEGs can be used to monitor the effects of exercise since there is a close correlation between certain EEG wave
patterns and fatigue or overtraining. They are also used to determine the extent of injuries inflicted to the head (for example,
after a knockout in boxing).An electroencephalogram (EEG), also called a brain wave test, is a diagnostic test which
measures the electrical activity of the brain (brain waves) using highly sensitive recording equipment attached to the scalp by
fine electrodes.[8] This paper is based on the estimation of consciousness or awareness of human mind. In biomedical sense,
consciousness is the abnormal generation and propagation of action potential of neurons. The action potential (AP) from
neurons has been recorded with microelectrodes. The brain activities are different for different stages of human mind; like
alert stage, relax stage, drowsy stage etc.[7] Propofol induction reduces the capacity for neural information integration:
implications for the mechanism of consciuosness and general anesthesia: The cognitive unbinding paradigm suggests that the
synthesis of neural information is attenuated by general anaesthesia. Here, we analyzed the functional organization of brain
activities in the conscious and anesthetized states, based on functional segregation and integration. Electroencephalography
(EEG) recordings were obtained from 14 subjects undergoing induction of general anaesthesia with propofol. We quantified
changes in mean information integration capacity in each band of the EEG. After induction with propofol, mean information
integration capacity was reduced most prominently in the y band of the EEG (p = .0001). Furthermore, we demonstrate that
loss of consciousness is reflected by the breakdown of the spatiotemporal organization of y waves. We conclude that
induction of general anaesthesia with propofol reduces the capacity for information integration in the brain. These data
directly support the information integration theory of consciousness and the cognitive unbinding paradigm of general
anaesthesia.[11] [2]

Background

A non-invasive system was developed by Konkan Railway Corporation Limited after the accident which was
happened on Sainthia Station, Birbhum on 19" July, 2010. At least 60 people were killed in that accident. The main reason of
that accident was the unconscious mind of the pilot. The signalman in-charge at the station claimed to have heard the station
master trying to alert the driver of the Uttar Banga Express via walkie-talkie, but got no response. The guard, when
questioned said that the driver did not respond to him on the walkie-talkie. The basic principle of their system was measuring
the skin impedance between the skin surface electrodes, placed on the pilot’s wrist. Depending upon the consciousness of the
pilot/driver the skin impedance changes. The change of impedance is picked up by two skin surface electrodes, followed by a
signal conditioning circuit. But their system gives erroneous result due to dirt, moisture etc. present in the pilot’s hand,
causing an increased impedance of the cell giving erroneous indications. The pilots have to drive train for a long time on
railway track and the possibilities of presence of dirt and moisture in pilot’s hand become greater. This is the main drawback
of their system.
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2. Theory

The bio-electric potential generated by the neuronal activity of brain is recorded by the electroencephalography
(EEG). The brain's electrical charge is maintained by billions of neurons. Neurons are electrically charged (or "polarized") by
membrane transport proteins that pump ions across their membranes. Neurons are constantly exchanging ions with the
extracellular milieu, for example to maintain resting potential and to propagate action potentials. lons of similar charge repel
each other, and when many ions are pushed out of many neurons at the same time, they can push their neighbours, who push
their neighbours, and so on, in a wave. This process is known as volume conduction. When the wave of ions reaches the
electrodes on the scalp, they can push or pull electrons on the metal on the electrodes. Since metal conducts the push and pull
of electrons easily, the difference in push or pull voltages between any two electrodes can be measured by a voltmeter.
Recording these voltages over time gives us the EEG. The neuronal activities responsible for different stages of human brain
are different. These neuronal activities were studied in terms of electrical signal to discriminate the different stages. Here, two
non-disposal skin surface electrodes were used for collecting the signal from human brain and for differentiating the
consciousness of the human mind. An alert person usually displays an unsynchronized high-amplitude EEG signal. [8][15] In
this approach the bio-potential is collected by a sensor, reusable non-invasive skin surface electrode. Information lies in the
frequency of the waves collected by the electrodes. At rest, relaxed and with the eyes closed, the frequency of these waves is
8-12 Hz (cycles/sec). This ‘alpha’ activity is believed to reflect the brain in ‘idling” mode, because if the person then either
opens the eyes, or does mental arithmetic with the eyes closed, these waves disappear, to be replaced by irregular patterns
(so-called desynchronized activity). In normal sleep there is characteristic higher voltage activity, in patterns which vary
according to the level of sleep.
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Figure 1(a) delta waves,(b)theta waves,(c) alpha waves,(d) beta waves

The Block Diagram of this system is shown below:

Acquired signal by
Electrodes sound card

Band- pass filter

Drata Array block

Wavelet Transform Graphical Display
(dbE) Unit

Figure 2: Block diagram of the system
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3. Sensors
Brain cells communicate by producing tiny electrical impulses, also called brain waves. These electrical signals have
certain rhythms and shapes, and EEG is a technique that measures, records, and analyzes these signals to help make a
diagnosis. Electrodes are used to detect the electrical signals. They come in the shape of small discs that are applied to the
skin surface. The bio-potential, generated by the neurons, are collected by two non-disposal skin surface Ag-AgCl electrode.
One of the electrodes is placed on the surface of subject’s forehead with the conducting paste. This electrode is actually
responsible for the extraction of signal from forehead. Another electrode is placed on the ear-lobe. This electrode is working
as reference electrode.

International Journal Of Computational Engineering Research (ijceronline.com) Vol. 2 Issue. 8

Figure 3: Figure of used electrodes during the experiment.

4. Signal conditioner

The signal conditioner block consists of an amplifier circuit, followed by a filter circuit. The signals collected from the
human brain are in the range of microvolt. This voltage will be first amplified by an amplifier. After that, the amplified signal
will be fed to an active band pass filter to eliminate the unwanted noise signals. However, EEG signals are not easily
obtained. This is due to the signals’ electrical characteristics. They are extremely weak signals, in the range of 1 — 160 uVpp.
They are band limited to a very low frequency range, OHz - 100Hz for EEG. These signals are so small that they exist in the
level of ambient noise. Our objective is concerned about the frequency range ‘Beta’ (13 - 30 Hz).

i. Filter design
Our target is to design an Active band pass filter whose bandwidth is 13 -30 Hz. f1=13Hz and f2=30Hz

5. Wavelet Transforms (Db6)

The word wavelet has been used for decades in digital signal processing and exploration geophysics. The equivalent
French word ondelette meaning "small wave" was used by Morlet and Grossmann in the early 1980s. A wavelet is a wave-
like oscillation with amplitude that starts out at zero, increases, and then decreases back to zero. It can typically be visualized
as a "brief oscillation" like one might see recorded by a seismograph or heart monitor. Generally, wavelets are purposefully
crafted to have specific properties that make them useful for signal processing. As a mathematical tool, wavelets can be used
to extract information from many different kinds of data, including - but certainly not limited to - audio signals and images.
Sets of wavelets are generally needed to analyze data fully. A set of "complementary" wavelets will deconstruct data without
gaps or overlap so that the deconstruction process is mathematically reversible. Thus, sets of complementary wavelets are
useful in wavelet based compression/decompression algorithms where it is desirable to recover the original information with
minimal loss. A wavelet is a mathematical function used to divide a given function or continuous-time signal into different
scale components. Usually one can assign a frequency range to each scale component. Each scale component can then be
studied with a resolution that matches its scale. A wavelet transform is the representation of a function by wavelets. The
wavelets are scaled and translated copies (known as "daughter wavelets") of a finite-length or fast-decaying oscillating
waveform (known as the "mother wavelet"). Wavelet transforms have advantages over traditional Fourier transforms for
representing functions that have discontinuities and sharp peaks, and for accurately deconstructing and reconstructing finite,
non-periodic and/or non-stationary signals. Wavelet transforms are classified into discrete wavelet transforms (DWTs) and
continuous wavelet transforms (CWTSs). Note that both DWT and CWT are continuous-time (analog) transforms. They can
be used to represent continuous-time (analog) signals. CWTs operate over every possible scale and translation whereas
DWTs use a specific subset of scale and translation values or representation grid.

6. Daubechies Wavelets

are a family of orthogonal wavelets defining a discrete wavelet transform and characterized by a maximal number of
vanishing moments for some given support. With each wavelet type of this class, there is a scaling function (also called father
wavelet) which generates an orthogonal multi-resolution analysis. The procedure starts with passing this signal (sequence)
through a half band digital low pass filter with impulse response h[n]. Filtering a signal corresponds to the mathematical
operation of convolution of the signal with the impulse response of the filter. The convolution operation in discrete time is
defined as follows:
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x[n] = h[n] = Z x[k].h[n — k]
k=—o

A half band lowpass filter removes all frequencies that are above half of the highest frequency in the signal. For example, if

a signal has a maximum of 1000 Hz component, then half band lowpass filtering removes all the frequencies above 500 Hz.
After passing the signal through a half band lowpass filter, half of the samples can be eliminated according to the Nyquist’s
rule. Half the samples can be discarded without any loss of information. In summary, the low pass filtering halves the
resolution, but leaves the scale unchanged. The signal is then sub sampled by 2 since half of the number of samples are
redundant. This decomposition halves the time resolution since only half the number of samples now characterizes the entire
signal. At every level, the filtering and sub sampling will result in half the number of samples (and hence half the time
resolution) and half the frequency band spanned (and hence doubles the frequency resolution). Figure shown below illustrates
this procedure, where x[n] is the original signal to be decomposed, and h[n] and g[n] are low-pass and high pass filters,
respectively. The bandwidth of the signal at every level is marked on the figure 4.
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Figure 4

7. SIMULATION TOOLS

For the decomposition of the acquired EEG signal from human brain here, we used Lab VIEW 2009 software. In Lab
VIEW platform we used the Daubechies wavelet transform, dB6 to get the de-composited bio-logical signal. We used
graphical indicator in the labview platform to show the output responses of the system. There were a number of graphical
indicators in the front panel of the labview which were used to plot the signal pattern. MatLab 7.0 is also used to cross check
the results of interpretation of one’s awareness level as obtained from Lab VIEW environment. [5]

8. Results And Discussions
In this paper, the samples have taken different types of drug to estimate the consciousness of their brain. The following
types of drug and alcohol were being used during the experiment:

Heroin: Heroin is an opiate drug that is synthesized from morphine, a naturally occurring substance extracted from the seed
pod of the Asian opium poppy plant. Heroin usually appears as a white or brown powder or as a black sticky substance,
known as “black tar heroin.”

Locally Made Alcohol (Lma): Locally produced moonshine is known in India as tharra, and also (among other names) as
desi, latta, gawathi, Haathbhatti, desi daru, hooch, Potli, kothli, dheno, mohua, chullu, Narangi, Neera, kaju, cholai, Saaraayi
and santra. It is made by fermenting the mash of sugar cane pulp in large spherical containers made from waterproof ceramic
(terra cotta). However, it is dangerous, mainly because of the risk of alcohol or copper formaldehyde poisoning.

Whisky: Whisky or whiskey is a type of distilled alcoholic beverage made from fermented grain mash. Different grains are
used for different varieties, including barley, malted barley, rye, malted rye, wheat, and corn. Whisky is typically aged in
wooden casks, made generally of charred white oak. Whisky is a strictly regulated spirit worldwide with many classes and
types. The typical unifying characteristics of the different classes and types are the fermentation of grains, distillation, and
aging in wooden barrels.

Cannabis: Cannabis a genus of flowering plants that includes three putative varieties, Cannabis sativa, Cannabis indica and
Cannabis ruderalis. These three taxa are indigenous to Central Asia, and South Asia. Cannabis has long been used for fibre
(hemp), for seed and seed oils, for medicinal purposes, and as a recreational drug. Industrial hemp products are made from
Cannabis plants selected to produce an abundance of fiber.
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Figure 5(a): signal pattern before taking drug.

The signal patterns for Heroin addicted subject after taking drug:
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Figure 5(b): signal pattern after taking drug.

From the above two Figures we can see that the peak-peak voltage after taking drug goes down from the signal pattern,
generating at normal stage.

The signal patterns for Cannabis addicted subject before smoking cannabis.
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Figure 6(a): The signal patter at normal stage.

The signal patterns for Cannabis addicted subject after smoking cannabis.
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Figure 6(b): The signal patter after smoking cannabis.

In this case also the peak to peak voltages of the signal, related to the conscious stage are going down from the peak to peak
voltages of the signal pattern which was extracting after smoking cannabis.

The signal pattern of subject 3 before drinking alcohol:
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Figure 7(a): signal pattern at normal condition

The signal pattern of subject 3 after drinking alcohol:
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Figure 7(b): signal pattern after drinking alcohol

The peak to peak voltages decrease when the subject was drunk from the peak to peak voltages of the signal pattern,
generating at normal condition.
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9. CONCLUSION
The method which we adopted provides adequate information about the awareness level of the subject. Results
obtained using our method was supported by the neurologists. To improve the performance further we will study the
possibilities of implementing algorithm of adaptive filter to this system.The proposed method can be used as a safety measure
in railways, airways, and roadways to measures the consciousness level of the pilot/ driver.
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Abstract

Flue gas analysis of a small-scale municipal solid waste-fired steam generator has been presented in this work.
The analysis was based on the selected design parameters: operating steam pressure of 10 bar, with fuel consumption rate
of 500 Kg/h and combustion chamber which utilizes mass burn incineration using water wall furnace. The plant is
designed as a possible option for thermal utilization of rural and urban wastes in Nigeria. The average daily generation of
MSW was considered in order to assess the availability of the material. The data were collected from Enugu State Waste
Management Authority (ENSWAMA).This was calculated based on the state population, urbanization and
industrialization strengths. Calculation of calorific value of the waste to determine the heat contents was carried out using
two methods: Bomb calorimeter and Dulong’s formula. Some samples of the garbage were analyzed with bomb
calorimeter in the National Centre For Energy Research & Development Laboratory, University of Nigeria Nsukka. This
is important because it a direct measure of the temperature requirements that the specific waste will place on the system.
The calorific values obtained from this analysis were 12572.308 KJ/kg, 14012.05 KJ/kg, 21833.26 KJ/kg and 20551.01
KJ/kg for paper products, woods, plastics and textiles waste respectively, while the energy content obtained from the
elemental composition of waste using Dulong’s formula was 15,101 KJ/kg .The maximum temperature of the furnace
attained from the energy balance based on this value around the combustion chamber was 833.7 K and the amount of air
required per kg of M SW was 8.66kg

Keywords: Solid-Waste, Steam, Temperature, Pressure, Flue gas, Calorific Value, Excess air, Moisture Content, Exergy,
Energy, Combustion.

1. Introduction

As a result of high carbon dioxide, CO, emission from thermal energy conversion of fossil fuels which is one of
the major causes of the greenhouse effect, boiler technologies based on biomass conversion represent a great potential to
reduce CO,emission since they are based on the utilization of renewal energy source.Furthermore, since conventional

energy sources are finite and fast depleting and energy demand is on the increase, it is necessary for scientists and
engineers to explore alternative energy sources, such as municipal solid waste (MSW).Biomass is abundantly available on
the earth in the form of agricultural residues, city garbage, cattle dung, but is normally underutilized. For an efficient
utilization of these resources, adequate design of municipal solid waste- fired steam boiler is necessary in order to extract
heat produced in the combustion of waste, considering the calculated high calorific value of MSW and the availability of
this material around us. The environmental benefits of biomass technologies are among its greatest assets. Global
warming is gaining greater acceptance in the scientific community. There appears now to be a consensus among the
world’s leading environmental scientists and informed individuals in the energy and environmental communities that
there is a discernable human influence on the climate; and that there is a link between the concentration of carbon dioxide
(one of the greenhouse gases) and the increase in global temperatures.

Appropriate utilization of Municipal Solid Waste when used can play an essential role in reducing greenhouse
gases, thus reducing the impact on the atmosphere. In addition, some of the fine particles emitted from MSW are
beneficial. Bottom and fly ash are being mixed with sludge from brewery’s wastewater effluent treatment in a composting
process, thus resulting in the production of a solid fertilizer. The possibility of selling the bottom and fly ash to the
ceramics industry is also being considered, which increases the potentials of MSW fired steam boiler. S.0. Adefemi et
al™in their work on this subject correlated the concentration of heavy metals in roots of plant from Igbaletere (in Nigeria)
dump site with the concentration of heavy metals in the soil samples from the dump site. A. B. Nabegu %! found out that
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solid waste generated by households (62.5%) in Kano metropolis far out weighed that generated by various institutions in
the same metropolis (5.8%). In the analysis of Municipal Solid Waste management in Addis Ababa, Nigatu et al®!
observed that part of the reasons for low performance solid waste management was the inadequate and malfunctioning of
operation equipment and open burning of garbage. This study thus seeks to analyse an efficient operating and burning
system.

2. Combustion Analysis Of Municipal Solid Waste (MSW)
Considering the theoretical combustion reaction for the organic component of the waste, such as carbon,
hydrogen gnd sulphur, Cos_kun etal ™ gave the equation for stoichiometric combustion as :

C+ (O + %Nz) — COz + %Nz 1
H+ 0.25(0, + 3.76N3) — 0.5H,0 + 0.94N, 2
S+ (Oy + 3.76Np) — SO, + 3.76N, 3)

It is known that nitrogen reacts with oxygen over about 1200°C to form NOy. In calculations, the upper limit of the flue
gas temperature is assumed as 1200° C. Combustion process is assumed as in ideal case (Stiochiometric). So, nitrogen is
Et?t considered to react with oxygen during combustion reaction. It limits the intimacy between the fuel molecules and O,

Table 1 shows the average daily generation of municipal solid waste in various states of Nigeria.

Table 1 Awerage daily generation of MSW in Nigeria

S/ | State Metric S/N State Metric Tonne | S/IN | State Metric Tonne
N Tonne

1 Abia 11 14 Enugu 8 27 Ogun 9
2 Adamawa 8 15 Gombe 6 28 Ondo 9
3 Anambra 11 16 Imo 10 29 Osun 7
4 Akwa-lbom 7 17 Jigawa 9 30 Oyo 12
5 Balyesa 8 18 Kaduna 15 31 Plateau 9
6 Bauchi 9 19 Kano 24 32 Rivers 15
7 Benue 8 20 Kastina 11 33 Sokoto 9
8 Borno 8 21 Kebbi 7 34 Taraba 6
9 Cross River 9 22 Kogi 7 35 Yobe 6
10 | Delta 12 23 Kwara 7 36 Zamfara | 6
11 | Ebonyi 7 24 Lagos 30 37 FCT 11
12 | Edo 8 25 Nasarawa | 6

13 | EKiti 7 26 Niger 10

(Source: ENSWAMA, MOE and NPC)

Complete combustion by using excess air can be expressed as follows:

C+I+2) (0, +3.76C0O,) — CO, + (I+2) (3.76N, ) + A0, 4)
H+ (I+X) (Oy+ 3.76Ny) — 0.5H,0 + (I +1) (3.76 Np) + (0.75+ A)O, (5)
S+ ([I+X)(0; +3.76N;) — SO, + (I +1) (3.76N,) + A0, 6)

In combustion reaction, A is the fraction of excess combustion air, having the relationship, n = (1+ 1)
Actua Ef ratio-Stoichiometric ‘r:q ratio

where n is the excess air ratio and A = — T
Stoer:Lnrr.etr'Lr—F ratio

The mass balance equation can be expressed as showed in figure 1 in the form as,

Min= Moyt (7)

i.e. The mass of reactants is equal to the mass of products

Miyel + Mair = Miye gas T Mash + Mgt (8
Miuegas = Mair + (Mfsel = Mash — Minst) 9
FromEqgn. 8
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Myir = (mﬂuegas+ Mash + Myst) — Migel (10)
Miyel = ue gas
Mir Combustion Chamber =

| ——

Fig.1 Mass balance in the Furnace

Stiochiometric airamount (n=1) can be calculated as follows;
Mairsteo = Oz required per kilogram of the fuel/23.3% of O, in air

= Mo Ky — Mo oKo + Mo sKs + Mo cKc/0.233 11
Wheremoy Moo, Mos, Mo ¢ are the masses of oxygen in hydrogen,oxygen,sulphur and carbon respectively.
8K, —Kg +Kq +i§KC

irsteo = 12
st 0.233 42
My 50, = 34-3348K |, —4.2918K, +4.2918K +11.4449K .
M, o = (8K, —0.3750K, +0.3750K + K )11.4449 (13)
With excess air ratio,
m,, = (3K, —0.3750K, +0.3750K  + K. )(11.4449)(1+ 1) (14)

Where K denotes the percentage ratio of the element in chemical composition (in %) and m,;, is the air requirement per kg
fuel (kg air/kg fuel). Flue gas amount can be found by Eq. 9
Substituting Eq.13 in Eq. 9, knowing that calculations are done for 1 kg fuel, so the equation can be expressed as follows:

M fiyegas = (BK, —0.3750K,, +0.3750K + K. )(11.4449) + (1-Kasn-Krst) (15)
Employing the excess air ratio,
M guegas = (BKy —0.3750K , +0.3750K s + K )(11.4449)(1+ 2) + (1~ K — K 1) (16)

Using the elemental composition of waste as shown in figure 1, the calculation of amount of air required and the flue gas
produced can be done considering the above equations.

Table 2 Percentage by mass of MSW

Element C H 0] S N Moisture Ash

percentage 35.5 5.1 23.9 0.5 2.4 25 7.6

(Source : P.Chattopadhyay, 2006)

2.1 Calculation of Combustion air supply
Considering theoretical combustion reaction for the elemental analysis of MSW showed in table 2.

Carbon (C):

C+0, —»CO,

12Kg C+32Kg0,—44Kg CO,

Oxygen required = 0.355 « (32/12) = 0.947/Kg MSW
Carbon dioxide produced =0.355 » (44/12) = 1.302/ Kg MSW
Hydrogen (H):

H, + % 0O, — H,0

2Kg H, + 16Kg O, — 18Kg H,0

1Kg H, + 8Kg O, — 9Kg H,0

Oxygen required = 0.051 x8=0.408 Kg/Kg MSW
Steam produced =0.051 > 9=0.459 Kg/Kg MSW
Sulphur (S):

S+ 0, — SO,
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o
32Kg S + 32KgO,; — 64KgSO,
1KgS + 1KgO, — 2KgS0,

Oxygen required = 0.005 Kg/Kg MSW
Sulphur dioxide produced =2 = 0.005 = 0.01Kg/KgMSW

Table 3 Oxygen Required per Kilogram of MSW

Constituent Mass fraction Oxygen required (Kg/Kg MSW)
Carbon (C) 0.355 0.947
Hydrogen (H) 0.051 0.408
Sulphur (S) 0.005 0.005
Oxygen (O) 0.239 -0.239
Nitrogen (N) 0.024 o
Moisture 0.25 _
Ash 0.190 -
1.121

O, required per Kilogram of MSW = 1.121Kg

1.121

Air required per Kilogram of MSW = 3 =4.811Kg

Where air is assumed to contain 23.3% O, by mass
l.e. Stiochio metric air/fuel ratio = 4.811:1

For air supply which is 80% in excess (this has been derived from industry experience according to (Chattopadhyay,
2006) which suggests that 80% of excess air is just enough to optimize the combustion of solid refuse in the mass -burning

system.
_ 80
Actual A/F ratio, my;, = 4.811 + | —x 4.811 |=8.660/1
100
Or alternatively, m,;,can be found using Eq. (3.14)

2.2 Flue gas analysis

N, supplied =0.767 x 8.660= 6.642Kg
O, supplied = 0.233 x8.660=2.012Kg

In the product,

N, =6.642 + 0.024= 6.666Kg and excess
0,=2.012-1.121=0.891Kg

The results are tabulated in Table 4

Table 4 Flue Gas Analysis (Volumetric flue gas analysis).

Product m; Kg/Kg m, % m. Wet Dry
x100%| - = —
MSW Sm mi Kg/Kmol i - ni/Zni % ni/zni %
i
CO, 1.302 13.958 44 0.030 9.317 10.135
H,0 0.459 4.921 18 0.026 8.075 —
SO, 0.01 0.107 64 0.0002 0.062 0.068
0, 0.891 9.552 32 0.028 8.696 9.459
N, 6.666 71.462 28 0.238 73.913 80.405
Total 9.328 100 0.322wet 100 100
0.296dry
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2.3. Calculation of flue gas specific heat capacity

The specific heat values of gases found in flue gas are required to be known in order to obtain the average
specific heat capacity (Cp) of flue gas. Taking these values from thermodynamic tables, a model is formed. The reference
combustion reaction is required to generate one formulation in energy balance. Since carbon is an element found almost in
all fossil fuels, the combustion reaction is considered to be a reference reaction for the model. Then, the specific heat
values of all gases are defined depending on carbon dioxide. For that purpose, model coefficients are defined and
expressed in detail as follows (Coskun et al., 2009).
C CP,C x Mot steo. + fA (17)
(ac +bN +CH +ds) mfluegas
a, b, ¢, d and f are the model coefficients in Eq. (3.17). Cy,aue gas represents the average flue gas specific heat value. Cp,¢c is
the specific heat of CO,.
2.3.1 Estimation of coefficient ‘a.’

Calculation method of & is given by the following equation:

p, fluegas =

a, =—= (18)

where, ac, can be defined as the specific heat ratio of CO, to CO;. So,
acp equals to 1. ap, can be indicated as the mass ratio of CO; to flue gas forn =1.
m.  3.667K,

a. = <
m m

(19)

tot " steo tot.steo.

2.3.2 Estimation of coefficient b\’
From (Coskun et al., 2009), calculation method of by is given by the following equation:

by = b—m (.20)

cp
where, be, can be defined as the specific heat ratio of CO, to N, for different temperatures. Coefficient b, is estimated by
using heat capacity model. b, can be defined as the mass ratio of N, to total flue gas.

bCp =0.9094+1.69x10™* xT — 1]_'|_1235
h =N
mtOt.SteO.
o _ OT67(2997BK,, ~0374Tx Ky + 03747 x Ky xKe)x (L445) + K,
m m *

tot.steo.

2.3.3 Estimation of coefficient ‘cy’
Coefficient ‘cy’ can be expressed as in the following equation:

C, = Cm 22)
L=
Cep
Cop = 0.5657 —6.68x10°° xT — 12_4265 (23)
m 8.938x K K
Cp=—-H—= abiRAL (24)

m m

tot.steo. tot.steo.
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2.3.4 Fstimation of coefficient ‘ds’
Coefficient ds can be expressed as in the following equation:

d=—"1 (25)
where, d¢, can be defined as the specific heat ratio of CO, to SO, for different temperatures. Coefficient dcp is estimated

by using Vapour Pressure Model. dy, can be defined as the mass ratio of SO, to total flue gas !
15116

[2. 679—7—0 289In(T)]
d, =e (26)
m 2x K
d,=—2>—= > (27)
m m

tot.steo. tot.steo.

2.3.5 Calculation of coefficient fp’
Coefficient fu is calculated for access air amount. Coefficient ¢ can be expressed as in the following equation

fa=1,Con (28)
Cpa =0.7124x1.0000x 11" x T %% (29)
Poo m,,,.Steo.(n —1) (20)

mfluegas
2.3.6 Calculation of Cy ¢
Cyc denotes the specific heat of CO,. Specific heat value of CO; is given by Bl and adopted as a new parabola by using
hoerl model.
Cpc=(0.1874) x 1.000061 T x 02665 (31)
3.2.4. Flue gas specific exergy value
The flow exergy of flue gas can be expressed in the ratio form as (61

—(h_ho)_To(S_so) (32)
where y/ is the flow exergy or the availability of stream flow neglecting K.E & P.E, s is the specific entropy and the

subscript zero indicates the properties at the dead state of Py and Tp.
Entropy difference can be expressed in the formas

s.—so:CpInl—Rave InE (33)
TO . I:)0
R - K (0.6927) + K, (0.2968) + K, (4.1249) + K (0.2596) + K, (0.4615) +m_;, .., (0.2201) N

ave
m fluegas

(n —1)(0.287))

m fluegas

where, Ry is the average universal gas constant value of flue gas. Each gas has dlfferent gas constant. So, the average
universal gas constants of combustion products are calculated and given in Eq. (35)

alr steo.

(34)

T
V= Cp,fluegas(T _TO) _TO (CP,quegas In—— Rave. In _) (35)
TO PO
T Rave. P
V= D, quegas(T =T ) T Cp fluegas(I T__C—In_) (36)
0 p, fluegas 0
T Rave. P
¥ =C, fuegasll (T = To) = To(IN——————In—)] (37
TO p, fluegas I:)0
When P =Py,

General exergy flow equation can be written as:
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V= Cp,fluegas[(T _TO) _TO (In Tl)]

3. Calculation Of Calorific Value Of MSW

The first step in the processing of a waste is to determine its calorific content or heating value. This is a measure
of the temperature and the oxygen requirements that the specific waste will be placed on the system®!" The calorific value
of a fuel can be determined either from their chemical analysis or in the laboratory®! In the laboratory Bomb Calorimeter
is used. The analysis of some sample of wastes from the Energy Centre, UNN using Bomb Calorimeter are shown in

(38)

Table 5
Table 5 Calculation of Calorific value of the fuel using Bomb Calorimeter
Paper product Wood waste Plastics waste Textile waste
Sample wt.,m,=1.060g Sample wt.,m,=0.974g Sample wt.,m,=1.023g Sample wt.,m,=1.065g
Initial Temp. Initial Temp. Initial Temp. Initial Temp.
=29.986°C =29.933°C =28.743°C =29.015°C
Final Temp. Final Temp. Final Temp. Final Temp. =
= 31.009°C = 30.981°C = 30.457°C 30.695°C
AT =1.023°C AT =1.048°C AT =1.714°C AT =1.68°C
GnEETntL Unburnt Unburnt Unburnt
=2.5+3.0=5.5 =1.3+2.2=35 =1.6+2.7=4.3 =2.5+0.8=3.3
Burnt Burnt Burnt Burnt
=10-55=45 =10-35=6.5 =10-4.3=57 =10-33=6.7

®=45*2.3=10.35

®=6.5*2.3=14.95

®=57*23=13.11

®=6.7*2.3=1541

V=23

V=25

V=39

V=38

E =13039.308

E =13039.308

E =13039.308

E =13039.308

CV, = (EAT -®-V)/n

CV, = (EAT - -V)/n

CV, = (EAT-®-V)/n

CV, = (EAT-®-V)/n|

CV, =12572.22J / ¢

CV, =14012.05] /g

CV, =21833.26J /¢

CV, =20551..01J /g

= 12572.22KJ/ kg

= 14012.05KJ/ kg

= 21833.26KJ/kg

= 20551.01KJ/kg

(SOURCE; National Centre For Energy Research & Dewelopment (NCERD), UNN.)

For chemical analysis, using Dulong ’s formula, percentage by mass was considered and heat of combustion of Carbon,
Oxygen and Hydrogen determined as shown in Table 6

Table 6 Heat of combustion for C, S and H

Combustion Heat of Combustion
C+0, —CO, 8075kcallkg

S+ 0,— SO, 2220kcal/kg

H, + % 0,— H,0 34500kcal/kg

(Source: P.Chattopadhyay, 2006)
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Dulong suggested a formula for the calculation of the calorific of the fuel from their chemical composition as

CVmsw = 8075(Kc) +2220(Ks) + 34500(Ky — Ko/8) (39)

where K¢, Ks, Ky and Kg stand for percentage by mass of Carbon, Sulphur, Hydrogen and Oxygen respectively.
Substituting the values of K¢, Ks, Ky and Kg from Table 2 will give,

CVmsw = 8075(0.355) + 2220(0.005) + 34500(0.051-0.239/8)

CVmsw = 3,606.5Kcal/kg (40)

CVmw = 15101 KJ/kg --------- (lcal = 4.187))

Figures 2,3 & 4 show the views of the municipal waste steamboiler
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Figure 4 SIDE VIEW OF MSW STEAM BOILER

4.0
Results and Discussion
The Engineering Equation Solver (EES), developed at University of Wisconsin was used to obtain the solution of
the equations.

4.1 Parameters for solution of the municipal solid waste-boiler design equations
The results of the calculated parameters for municipal solid waste design equations from the previous section are
shown in table 6
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Table 6 Parameters for solution of the municipal solid waste-boiler design equations

S/N Symbols Calculated S/N Symbols Calculated
data data
1 A. ] 0.1971 31 mu¢[kg] 0.326
2 Ay [M7] 0.4058 32 0, [%] 80
3 Ainc [N7] 0.9553 33 P[N/m] 10°
4 Auwbe [M7] 0.01623 34 Qow[kJ] 134.6
5 BHP[kW 0.2587 35 3 2098
[kw] Q¢ Kw]
6 CPy [kJ/k 1.047 36 3 2.841
w [/l Qy [rs)
7 CView [KI/ k] 15101 37 Q+[KJ] 10178
8 D¢[m] 0.5529 38 Qg [kI] 5235
9 Dinc[m] 0.7188 39 Qis[kJ] 9578
10 Doc[m] 0.8343 40 Q[kJ] 6504
S/N Symbols Calculated S/N Symbols Calculated
data data
11 Diubes[M] 0.07188 41 Qs[kJ] 1269
12 E [kg/kg] 4,049 42 Quf [kJ] 1900
13 eff.[%] 60.52 43 0 [ kg/m’] 0.4723
14 H[m] 7.02 44 ri[m] 0.005643
15 H; [kJ/kg] 763 45 re [m] 0.05634
16 H,[kJ/kg] 2778 46 St [N/m?] 1.360 x 10°
17 hg [m] 1059 47 t[m] 0.005947
18 Hinc [M] 7.014 48 T. K] 298
19 h, [m] 0.7099 49 T, [K] 298
20 Hiubes [M] 0.7188 50 Ts, [K] 833.7
21 h,, [mm] 5 51 T it [M] 0.0507
22 huwmax [M] 4.158 52 7. [s] 1.002
23 K [W/mK] 0.04 53 T [M] 550
24 Mair [k] 8.66 54 Vige [m33] 14.41
25 ma[kg / S] 1.203 55 Vine [M°] 2.835
. 3
27 ¥ 0.1389 57 Vi m’ 1
mmsw[kg / s] water [M]
. 2
28 M, [kg / S] 0.63 58 g[kw/mq] 2264
29 m [k 0.674 59 3 1269
¢ [kal Qst kW]
30 Mgy [ka] 9.334 60 av[KW/m?] 739.9
61 Y[KJ/Kg] 209.2

4.2 Influence Of Specific Heat Capacity And Specific Exergy Value Of Flue Gas On Combustion

Considering the chemical composition of municipal solid waste used as a fuel, excess air amount and flue gas
temperature which directly affect flue gas specific heat and exergy, variation of flue gas specific heat and exergy with
furnace temperature for difference in values of excess air were done as shown in figs.5 and 6. From the figures, with
increase in excess ratio, both flue gas specific heat and exergy decrease.
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Table 7: Results For Variation Of Flue Gas Specific Heat With Furnace Temperature For Difference In Values Of
Excess Air Ratio.

CPfgas n ng Cpfgas n ng CPfgas n ng
(KITKgK) (K (KI/KgK) (K (KI/KgK) (K
0.8460 1 700 0.7737 1.2 700 0.7128 1.4 700
0.8989 1 1100 0.8220 1.2 1100 0.7573 1.4 1100
0.9491 1 1300 0.8679 1.2 1300 0.7996 1.4 1300
0.9976 1 1500 0.9123 1.2 1500 0.8405 1.4 1500
1.0450 1 1700 0.9558 1.2 1700 0.8806 1.4 1700
1.0920 1 1900 0.9987 1.2 1900 0.9201 1.4 1900
1.1390 1 2100 1.0410 1.2 2100 0.9593 1.4 2100
1.1850 1 2300 1.0840 1.2 2300 0.9984 1.4 2300
1.2310 1 2500 1.1260 1.2 2500 1.0370 1.4 2500
1.2780 1 2700 1.1690 12 2700 1.0770 14 2700
1.1,
1.05
1
0.95

o
©

CPigaslKI/KGK]
o
&

0.75

-750 1150 1550 1950 2350 2750
'Tm [K]

Figure 5: Variation of flue gas specific heat with furnace temperature for difference in values of excess air ratio.

Table 8: Results for Variation of flue gas specific exergy with furnace temperature for difference in values of
excess air ratio.

Y n ng b 4 n ng b 4 n ng
[KI/Kg] (K [KI/Kg] (K [KJ/Kg] (K
230.6 1 700 210.9 1.2 700 194.3 14 700
371.1 1 1100 339.4 1.2 1100 312.6 14 1100
534.4 1 1300 488.7 1.2 1300 450.2 1.4 1300
718.7 1 1500 657.2 1.2 1500 605.5 14 1500
923.0 1 1700 844.1 1.2 1700 777.6 14 1700
1147.0 1 1900 1049.0 1.2 1900 966.0 14 1900
1387.0 1 2100 1271.0 1.2 2100 1170.0 14 2100
1651.0 1 2300 1510.0 1.2 2300 1391.0 14 2300
1931.0 1 2500 1766.0 1.2 2500 1627.0 14 2500
2230.0 1 2700 2039.0 1.2 2700 1879.0 1.4 2700
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Figure 6: Variation of flue gas specific exergy with furnace temperature for difference in values of excess air ratio.

4.3 Influence Of Moisture Content

Wastes with different moisture contents have different drying characteristics. Those with higher moisture content
require a longer drying time and much more heat energy, causing a lower temperature in the furnace; and vice versa. If the
moisture content is too high, the furnace temperature will be too low for combustion, such that auxiliary fuel is needed to
raise the furnace temperature and to ensure normal combustion. In order to evaluate the effect of moisture content on the
combustion process, numerical simulation and analysis were made with ten different values of moisture content .The
results of the analysis show that those wastes with a lower moisture content give rise to higher furnace temperatures and
larger high-temperature zones during combustion, because the wastes with lower moisture contents have higher heating
values and are more combustibles, being easier and faster to burn. Hence, to increase the efficiency of the boiler, refuse
conditioner was used in this work to dry the wastes before they were conveyed to the furnace.

Table 9: Result for variation of flue gas Temperature with moisture content for difference in value of excess

oxygen.
moisture | Excess O, | Tgq moisture | Excess Trg moisture | Excess Trg
(%) (K) 02 (K) 0, (K)
(%) (%)
0.030 5 2206 0.030 25 1941 0.030 45 1740
0.050 5 2115 0.050 25 1862 0.050 45 1670
0.070 5 2024 0.070 25 1782 0.070 45 1600
0.090 5 1932 0.090 25 1702 0.090 45 1529
0.011 5 1839 0.011 25 1622 0.011 45 1458
0.013 5 1749 0.013 25 1541 0.013 45 1387
0.015 5 1651 0.015 25 1460 0.015 45 1315
0,017 5 1557 0.017 25 1370 0.017 45 1243
0.019 5 1461 0.019 25 1295 0.019 45 1171
0.021 5 1365 0.021 25 1213 0.021 45 1098
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Figure 7: Variation of flue gas Temperature with moisture content for difference in value of excess oxygen.

4.4 Influence of excess air

The temperature in the furnace is closely related to MSW/air ratio. In order to predict the influence of excess air
on the combustion in furnace, simulations were performed for different values of excess air. Results show that with the
increase of excess air, the temperature of the furnace tends to decrease. To ensure adequate heating and burnout of wastes,
a relatively high temperature level in the furnace should be maintained with a corresponding O, content.

Table 10 Result for variation of flue gas temperature with calorific value at different values of excess air

Teg CVmsw Excess Teg CVmsw Excess Trg CVmsw Excess
(K (KIkg) [ 0:(%) | (K) (KI’kg) | O2(%) | (K) (KJ7kg) | O2(%0)
759.10 8000 5 716.80 8000 17 681.70 8000 29
817.10 9000 5 769.60 9000 17 730.00 9000 29
875.20 10000 5 822.30 10000 17 778.30 10000 29
933.20 11000 5 875.00 11000 17 826.60 11000 29
991.30 12000 5 927.80 12000 17 874.90 12000 29
1049.00 | 13000 5 980.50 13000 17 923.20 13000 29
1107.00 | 14000 5 1033.00 | 14000 17 971.50 14000 29
1165.00 | 15000 5 1086.00 | 15000 17 1020.00 | 16000 29
1223.00 | 16000 5 1139.00 | 16000 17 1068.00 | 17000 29
1283.00 | 17000 5 1191.00 | 17000 17 1116.00 | 18000 29
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Figure 8 Variation of flue gas temperature with calorific value at different values of excess air.

5. Conclusions

With the rapid development of national economy, the ever-accelerating urbanization and the continued
improvement of living standard, the output of the solid waste, particularly Municipal solid waste is constantly increasing.
This causes environmental pollution and potentially affects people’s health, preventing the sustained development of
cities and drawing public concern in all of the society. The continuously generated wastes take up limited land resources,
pollute water and air, and consequently lead to serious environmental trouble. Proper waste treatment is therefore an
urgent and important task for the continued development of cities In this work, calculation of calorific value of municipal
waste has been carried out from the elemental composition of the waste using Dulong’s formula. The result of 15,101
KJ/kg obtained agrees with type 1 waste, N.T.Engineering,[lo] that contains 25 percent moisture contents from waste
classifications. With this heating value, maximum temperature of the flue gas of 833.7K was calculated from the heat
balance equation in the furnace. Thermal analysis of the municipal solid waste boiler done with the operational conditions
taken into account, showed that the municipal solid waste with higher moisture content has a lower heating value,
corresponding to a lower temperature in the furnace and a lower O, consumption during combustion, resulting in a higher
O, content at the outlet. Hence, for an efficient use of municipal solid waste as a fuel for generation of steam in boiler,
waste with lower moisture content and adequate excess air supply should be used. In practical operation, the air supply
rate and the distribution of the primary air along the grate should be duly adapted for the specific conditions of the wastes .
An appropriate excess air ratio can effectively ensure the burnout of combustibles in the furnace, suppressing the
formation and the emission of pollutants.
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Abstract

My paper presents the implementation of a generalized back-propagation multilayer perceptron (MLP)
architecture, on FPGA, described in VLSI hardware description language (VHDL). The development of hardware
platforms is not very economical because of the high hardware cost and quantity of the arithmetic operations required in
online artificial neural networks (ANNs), i.e., general purpose ANNs with learning capability. Besides, there remains a
dearth of hardware platforms for design space exploration, fast prototyping, and testing of these networks. Our general
purpose architecture seeks to fill that gap and at the same time serve as a tool to gain a better understanding of issues
unique to ANNs implemented in hardware, particularly using field programmable gate array (FPGA). This work describes a
platform that offers a high degree of parameterization, while maintaining generalized network design with performance
comparable to other hardware-based MLP implementations. Application of the hardware implementation of ANN with
back-propagation learning algorithm for a realistic application is also presented.

Index Terms:Back-propagation, field programmable gate array (FPGA), hardware implementation, multilayer
perceptron, neural network, NIR spectra calibration, spectroscopy, VHDL, Xilinx FPGA.

1. INTRODUCTION

In recent years, artificial neural networks have been widely implemented in several research areas such as image
processing, speech processing and medical diagnoses. The reason of this widely implementation is their high classification
power and learning ability. At the present time most of these networks are simulated by software programs or fabricated
using VLSI technology [9]. The software simulation needs a microprocessor and usually takes a long period of time to
execute the huge number of computations involved in the operation of the network. Several researchers have adopted
hardware implementations to realize such networks [8]&[12].This realization makes the network stand alone and operate
on a real-time fashion. Recently, implementation of Field Programmable Gate Arrays (FPGA's) in realizing complex
hardware system has been accelerated [7].Field programmable gate arrays are high-density digital integrated circuits that
can be configured by the user; they combine the flexibility of gate arrays with desktop programmability. An ANN’s ability
to learn and solve problems relies in part on the structural Characteristics of that network. Those characteristics include the
number of layers in a network, the number of neurons per layer, and the activation functions of those neurons, etc. There
remains a lack of a reliable means for determining the optimal set of network characteristics for a given application.
Numerous implementations of ANNs already exist [5]-[8], but most of them being in software on sequential processors
[2]. Software implementations can be quickly constructed, adapted, and tested for a wide range of applications. However,
in some cases, the use of hardware architectures matching the parallel structure of ANNs is desirable to optimize
performance or reduce the cost of the implementation, particularly for applications demanding high performance [9], [10].
Unfortunately, hardware platforms suffer from several unique disadvantages such as difficulties in achieving high data
precision with relation to hardware cost, the high hardware cost of the necessary calculations, and the inflexibility of the
platformas compared to software. In our work, we have attempted to address some of these disadvantages by imp lementing
a field programmable gate array (FPGA)-based architecture of a neural network with learning capability because FPGAS
are high-density digital integrated circuits that can be configured by the user; they combine the flexibility of gate arrays
with desktop programmability. Their architecture consists mainly of: Configurable Logic Blocks (CLB's) where Boolean
functions can be realized, Input output Blocks (IOB's) serve as input output ports, and programmable interconnection
between the CLB's and IOB's.

2.  MOTIVATION

Features of ANN support evaluation implementations of different implementations of networks by changing
parameters such as the number of neurons per layer, number of layers & the synaptic weights. ANNs have three main
characteristics: parallelism, modularity & dynamic adaptation. Parallelism means that all neurons in the same layer perform
the computation simultaneously. Modularity refers to the fact that neurons have the same structural architecture. It is clear
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from these characteristics that FPGAs are well tailored to support implementation of ANNSs, since it has a regular structure
based on a matrix of parallel configurable units.Implementations in Application Specific Integrated circuits (ASICs) lack
flexibility for evaluating the performance of different implementations. This deficiency can be overcome by using
Programmable Logic Devices (PLDs) such as FPGAs. FPGAs provide high performance for parallel computation &
enhanced flexibility (if compared with ASICs implementation) & are the best candidates for this kind of hardware
implementations. If we mount ANN on FPGA, design should be such that there should be a good balance between the
response & area restrictions of ANN on FPGA.FPGAs are programmable logic devices that permit the implementation of
digital systems. They provide arrays of logical cells that can be configured to perform given functions by means of
configuring bit stream. An FPGA can have its behavior redefined in such a way that it can implement completely different
digital systems on the same chip. Despite the prevalence of software-based ANN implementations, FPGAs and similarly,
application specific integrated circuits (ASICs) have attracted much interest as platforms for ANNs because of the
perception that their natural potential for parallelismand entirely hardware-based computation imple mentation provide better
performance than their predominantly sequential software-based counterparts. As a consequence hardware-based
implementations came to be preferred for high performance ANN applications [9]. While it is broadly assumed, it should be
noted that an empirical study has yet to confirm that hardware-based platforms for ANNs provide higher levels of
performance than software in all the cases [10]. Currently, no well defined methodology exists to determine the optimal
architectural properties (i.e., number of neurons, number of layers, type of squashing function, etc.) of a neural network for a
given application. The only method currently available to us is a systematic approach of educated trial and error. Software
tools like MATLAB Neural Network Toolbox [13] make it relatively easy for us to quickly simulate and evaluate various
ANN configurations to find an optimal architecture for software implementations. In hardware, there are more network
characteristics to consider, many dealing with precision related issues like data and computational precision. Similar
simulation or fast prototyping tools for hardware are not well developed.

International Journal Of Computational Engineering Research (ijceronline.com) Vol. 2 Issue. 8

Consequently, our primary interest in FPGASs lies in their reconfigurability. By exploiting the reconfigurability of
FPGAs, we aim to transfer the flexibility of parameterized software based ANNs and ANN simulators to hardware
platforms. All these features of ANN & FPGAs have made me think about giving a hardware(FPGA) platform for ANN.
Doing this, we will give the user the same ability to efficiently explore the design space and prototype in hardware as is now
possible in software. Additionally, with such a tool we will be able to gain some insight into hardware specific issues such as
the effect of hardware implementation and design decisions on performance, accuracy, and design size.

3.PREVIOUS WORKS

In the paper published by Benjamin Schrauwen, 1, Michiel D’Haene 2, David Verstracten 2, Jan Van Campenhout
in the year 2008 with the title Compact hardware Liquid State Machines on FPGA for real-time speech recognition have
proposed that real-time speech recognition is possible on limited FPGA hardware using an LSM. To attain this we first
explored existing hardware architectures (which we reimplemented and improved) for compact implementation of SNNs.
These designs are however more than 200 times faster than real-time which is not desired because lots of hardware resources
are spend on speed that is not needed. We present a novel hardware architecture based on serial processing of dendritic trees
using serial arithmetic. It easily and compactly allows a scalable number of PEs to process larger net- works in parallel.
Using a hardware oriented RC design flow we were able to easily port the existing speech recognition application to the
actual quantized hardware architecture. For future work we plan to investigate different applications, such as autonomous
robot control, large vocabulary speech recognition, and medical signal processing, that all use the hardware LSM
architectures presented in this work, but which all have very different area/speed trade-offs. Parameter changing without
resynthesis will also be investigated (dynamic reconfiguration or parameter pre-run shift-in with a long scan-chain are
possibilities).In the paper published by Subbarao Tatikonda, Student Member, IEEE, Pramod Agarwal, Member, IEEE in the
year 2008 with the title Field Programmable Gate Array (FPGA) Based Neural Network Implementation of Motion Control
and Fault Diagnosis of Induction Motor Drive have proposed A study of fault tolerant strategy on the ANN-SVPWM VSI
performed. This Strategy is based on the reconfiguration on the inverter topology after occurrence. The modified topology
for the inverter is proposed. Entire system design on FPGA has been suggested which includes the programmable low -pass
filter flux estimation, space vector PWM (neural network based), fault diagnosis block and binary logic block. The paper
talks about the fault feature extraction and classification and then how the neural networks can be build on the FPGA. Digital
circuits models for the linear and log sigmoid been discussed. This work clearly gives the observer no slight change in
operation with any fault in one leg. Study suggests that feature extraction is a challenging research topic still to be exploited.
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Still this work has many prospects in multilevel inverters, where the better operating algorithms can be proposed with
increase in the level of inverters. The number of redundant states is more they have to be exploited in the near future work.
The system behaves as no fault in the systemat all.

4. NEURAL NETWROK MODEL DESCRIPTION

There are various hardware implementations based on ASIC,DSP & FPGA.DSP based implementation is
sequential and hence does not preserve the parallel architecture of the neurons in a layer. ASIC implementations do not offer
reconfigurablity by the user. FPGA is a suitable hardware for neural network implementation as it preserves the parallel
architecture of the neurons in a layer and offers flexibility in reconfiguration. FPGA realization of ANNs with a large
number of neurons is a challenging task. Selecting weight precision is one of the important choices when implementing
ANNs on FPGAs. Weight preciion is used to trade-off the capabilities of the realized ANNs against the imple mentation
cost. A higher weight precision means fewer quantization errors in the final implementations, while a lower precis ion leads
to simpler designs, greater speed and reductions in area requirements and power consumption. One way of resolving the
trade-offis to determine the “minimum precision” required. In this work we consider the weights as 8 -bit fixed-point values.
Direct implementation for non-linear sigmoid transfer functions is very expensive. As the excitation function is highly
nonlinear we adopt the Look Up Table (LUT) method in order to simplify function computation. The LUT is implemented
using the inbuilt RAM available in FPGA IC.

ROM

(Weights)
QOutput
Ll.”. Accumulator Wr Ou{pul >
Muttplier Register

Input

Fig 1. Neuron RTL Block Diagram

The use of LUTs reduces the resource requirement and improves the speed. Also the implementation of LUT needs
no external RAM since the inbuilt memory is sufficient to implement the excitation function. The basic structure of the
functional unit (neuron) that implements the calculations associated with neuron. Each neuron has a ROM, which stores the
weights of the connection links between the particular neuron to the neurons of the previous layer. The multiplier performs
high speed multiplication of input signals with weights from ROM. Multiplier is again implemented using an LUT
mu ltiplier. Such implementation of a multiplier needs one of the operands to be constant. In this case the other operand
addresses the LUT where the result of multiplication is previously stored. Given two operands A&B with n & m bits
respectively & B is constant, it is possible to implement their mu ltiplication in LUT of 2". Since both multiplier & Activation
Function(sigmoid function) are implemented using LUT, cost of implementation is very much reduced. We have tried
comparing the model in the reference no. [15], with that of our model with respect to cost of implementation, in the
conclusion section. A sixteen bit register is used to hold the weights from the ROM and the input signal from the previous
layer. The whole MLP implementation is shown in Fig. 2.The network mainly consists of input registers, control unit,
neurons and output register. To provide on neuron output to the next stage at each clock cycle a Multiplexer and a counter is
used. The training of the network is done in software and the results loaded into hardware .Weights are updated during the
training process, but remain constant during the detection process. The Register Transfer Level design of the system has
been carried out using standard VHDL as the hardware description language. This language allows three different levels of
description. We have chosen RTL to implement this system. The entire design process was done using the ISE development
tool, from Xilinx (ISE development). The system physically implemented on Spartan-3 XC3 S4000 XILINX FPGA device.
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Fig2.The RTL block diagram of MLP neural network

Being a single source for hardware and software expertise, Mistral helps developers save on valuable development time and
costs. The software engineers and hardware designers work together in an efficient and seamless manner providing expert
design, development and support services.Mistral's professional services include hardware board design, reference designs,
driver development, board support packages, embedded applications, codec and DSP algorithms across various domains.
These services are delivered through a proven development process, designed specifically for embedded product

development.

5. Results:

Fig 3. Inner layer top view of neural network.

Fig 4. Inner layer RT L Schematic of Neural network.
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Fig 5. Inner layer Design summary
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Fig 6. Input layer’s top view.

Fig 7.Input layer network of neural network.

Device Utization Summary (estimated values) [
Logic Utiization Used Available Utilization
e o Shces il 38 1%
‘Numher o 4input LUTs i 7168 1%
‘Number of bunded 1085 10 14t 8%
‘Number of MATIEA1Ss 10 i i2%

Fig 8. Input layer Design summary.
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Fig 10. Sigmoid layer RTL Schematic of Neural network

Device Utilization Summary (estimated values) [
Logic Utilization Used Available Utilization
Hurnber of Shices 12 564 0%
Humber of 4 input LT pal i 0%
Humber of banded 108 16 141 1%
Hurnber of MLLT 18X 185 1 16 £%

Fig 11.Sigmoid layer Design summary
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6. COMPARISION RESULTS
The device used to take Comparison results is Spartan XC3S400-5 PQ208.

Logic Utilization Available Proposed Previous system
systemused | used [15]

No of Slices 3584 1 50

No of 4 inputs LUTs 7168 il 9

No of 4 Bonded 0B 14 16 21

Number of MULT18X18510s 16 1 3

Tab 1. Comparison results of Sigmoid function proposed systemand previous system.

7. CONCLUSION

It is seen fromthe comparison table in section VI that previous system [15] used more number of Slices, LUT’s and
IOB’s for sigmoid function. So our sigmoid function system used less number of resources as mentioned above. So we have
effectively reduced the area utilization of these neural network systems. This has increased compactness & reliability of our
system. In future our system permits us to achieve maximum level of optimization.Therefore one should aim at giving a
hardware platform for ANN like FPGA because of the re-configurability of FPGA, we can develop the prototypes of
hardware based ANNs very easily. Mapping FPGA into Field programmable Neural Network Arrays can find vast
applications in real time analysis.
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Abstract:

The sustained growth in VLSI technology is fuelled by the continued shrinking of transistor to ever smaller
dimension. The benefits of miniaturization are high packing densities, high circuit speed and low power dissipation.
Binary multiplier is an electronic circuit used in digital electronics such as a computer to multiply two binary numbers,
which is built using a binary adder. A fixed-width multiplier is attractive to many multimedia and digital signal
processing systems which are desirable to maintain a fixed format and allow a minimum accuracy loss to output data.
This paper presents the design of high-accuracy modified Booth multipliers using Carry Look ahead Adder. The high
accuracy fixed width modified booth multiplier is used to satisfy the needs of the applications like digital filtering,
arithmetic coding, wavelet transformation, echo cancellation, etc. The high accuracy modified booth multipliers can also
be applicable to lossy applications to reduce the area and power consumption of the whole system while maintaining
good output quality. This project presents an efficient implementation of high speed multiplier using the shift and add
method, Radix 2, Radix_4 modified Booth multiplier algorithm. The parallel multipliers like radix 2 and radix 4
modified booth multiplier does theComputations using lesser adders and lesser iterative steps. As a result of which they
occupy lesser space as compared to the serial multiplier. This very important criteria because in the fabrication of chips
and high performance systemrequires components which are as small as possible.

Key words: Booth multiplier, carry save adder (CSA) tree, computer arithmetic, digital signal processing (DSP),
ultiplierand- accumulator (MAC).

1. Introduction

In this paper, we propose a high-accuracy fixed width modified booth multiplier. The functional model design
consists ofbooth encoder, partial product generator and compression tree which uses Carry Look ahead Adder. The term
“high accuracy”implies that the output produced by the normal 8X8 booth multiplication and the proposed 8X8 booth
multiplication are equal. Theterm “fixed width” indicates that the partial product bits are adjusted to fixed width for
Carry Look ahead.The result and one operand for the new modulo multipliers use weighted representation, while the
other uses thediminished - 1. By using the radix-4 Booth recoding, the new multipliers reduce the number of the partial
products to n/2 for n evenand (n+1)/2 for n odd except for one correction term. Although one correction term is used, the
circuit is very simple. Thearchitecture for the new multipliers consists of an inverted end -around-carry carry save adder
tree and one diminished-1 adder. Booth multipliers using generalized probabilistic estimation bias (GPEB) is proposed.
The GPEB circuit can be easily builtaccording to the proposed systematic steps. The GPEB fixed -width multipliers with
variable-correction outperform the existingcompensation circuits in reducing error. The GPEB circuit has improved
absolute average error reduction, area saving, powerefficiency and accuracy. A truncated multiplier is a multiplier with
two n bit operands that produces a n bit result. Truncatedmultipliers discard some of the partial products of a complete
mu ltip lier to trade off accuracy with hardware cost. This paperpresents a closed form analytical calculation, for every bit
width, of the maximum error for a previously proposed family oftruncated multipliers. The considered family of
truncated multipliers is particularly important since it is proved to be the design thatgives the lowest mean square error
for a given number of discarder partial products. With the contribution of this paper, theconsidered family of truncated
mu ltip liers is the only architecture that can be designed, for every bit width, using an analyticalapproach that allows the a
priori knowledge of the maximum error. A 2-bit Booth encoder with Josephson Transmission Lines(JTLs) and Passive
Transmission Lines (PTLs) by using cell-based techniques and tools was designed. The Booth encoding methodis one of
the algorithms to obtain partial products. With this method, the number of partial products decreases down to the
halfcompared to the AND array method. a test chip for a multiplier with a 2-bit Booth encoder with JTLs and PTLs was
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fabricated. Thecircuit area of the multiplier designed with the Booth encoder method is compared to that design ed with
the AND array method. New fixed-width multiplier topologies, with different accuracy versus hardware comp lexity
trade-off, are obtained by varyingthe quantization scheme. Two topologies are in particu lar selected as the most effective
ones. The first one is based on a uniformcoefficient quantization, while the second topology uses a non-uniform
quantization scheme. The novel fixed-width multipliertopologies exhibit better accuracy with respect to previous
solutions, close to the theoretical lower bound. The electricalperformances of the proposed fixed -width multipliers are
compared with previous architectures. It is found that in most of theinvestigated cases the new topologies are Pareto-
optimal regarding the area-accuracy trade-off.This paper focuses on variable-correction truncated multipliers, where
some partial-products are discarded, to reduce complexity,and a suitable compensation function is added to partly
compensate the introduced error. The optimal compensation function, thatminimizes the mean square error, is obtained
in this paper in closed-form for the first time. A sub optimal compensation function,best suited for hardware
implementation, is introduced. Efficient multip liers implementation based on sub-optimal function isdiscussed. Proposed
truncated multipliers are extensively compared with previously proposed circuits. Power efficient 16times 16
Configurable Booth Multiplier (CBM) supports single 16-b, single 8-b, or twin parallel 8-b multiplication operations
isproposed. Dynamic range detector detects the dynamic ranges of two input operands. It deactivates redundant
switching activitiesin ineffective ranges.The proposed architecture can be used effectively in the area requiring high
throughputsuch as a real-time dig italsignal processing can be expected.

2. Overview Of Mac

In this section, basic MAC operation is introduced. A multipliercan be divided into three operational steps. The
first isradix-2 Booth encoding in which a partial product is generatedfrom the multiplicand and the multiplier. The
secondis adder array or partial product compression to add all partialproducts and convert them into the form of sumand
carry. Thelast is the final addition in which the final multiplication resultis produced by adding the sumand the carry. If
the process toaccumulate the multiplied results is included, a MAC consistsof four steps, as shown in Fig. 1, which
shows the operationalsteps explicitly. General hardware architecture of this MAC is shown inFig. 2. It executes the
multiplication operation by multiplyingthe input multiplier and the multiplicand. This is added tothe previous
mu ltip lication result as the accumulation step.

Figure 1. Hardware architecture of general Mac
The -bit 2’s complement binary number can be expressedas
N-2
Y=oy 04y w2, menl

=1l (1)
If (1) is expressed in base-4 type redundant sign digit form inorder to apply the radix-2 Booth’s algorithm, it would be .

NiZ—1 2

X = > did @)
=

di = —2wmiy1 + T2 + w2y, G
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If (2) is used, multiplication can be expressed as
Njz—1
XxY= > d2"v, )
=1

If these equations are used, the afore-mentioned multip lication—accumulation results can be expressed as

‘\'l."rg_l } aN-1 } (5)
P=XxY+Z= ) d2Y+) u2.
i=) J=0

Each of the two terms on the right-hand side of (5) is calculatedindependently and the final result is produced by
addingthe two results. The MAC architecture imp lemented by (5) is called the standard design.If -bit data are mu ltip lied,
the number of the generated partialproducts is proportional to . In order to add them serially,the execution time is also
proportional to . The architecture ofa multiplier, which is the fastest, uses radix-2 Booth encodingthat generates partial
products and aWallace tree based on CSAas the adder array to add the partial products. If radix-2 Boothencoding is used,
the number of partial products, i.e., the inputsto the Wallace tree, is reduced to half, resulting in the decreasein CSA tree
step. In addition, the signed multip lication based on2’s comp lement numbers is also possible. Due to these reasons,most
current used multipliers adopt the Booth encoding.

3. Proposed Mac Architecture

In this section, the expression for the new arithmetic will bederived from equations of the standard design. From
this result,VLSI architecture for the new MAC will be proposed. In addition,a hybrid-typed CSA architecture that can
satisfy the operationof the proposed MAC will be proposed.

A. Derivation Of Mac Arithmetic

1) Basic Concept: If an operation to multiply two —bitnumbers and accumulate into a 2 -bit number is
considered,the critical path is determined by the 2 -bit accumulation operation.If a pipeline scheme is applied for each
step in the standarddesign of Fig. 1, the delay of the last accumulator mustbe reduced in order to improve the
performance of the MAC.The overall performance of the proposed MAC is improved byeliminating the accumulator
itself by combining it with the CSAfunction. If the accumulator has been eliminated, the criticalpath is then determined
by the final adder in the multiplier. Thebasic method to improve the performance of the final adder is todecrease the
number of input bits. In order to reduce this numberof input bits, the multiple partial products are compressed into asum
and a carry by CSA. The number of bits of sums and carriesto be transferred to the final adder is reduced by adding the
lowerbits of sums and carries in advance within the range in whichthe overall performance will not be degraded. A 2-bit
CLA isused to add the lower bits in the CSA. In order to efficientlysolve the increase in the amount of data, a CSA
architecture is modified to treat the sign bit.

2) Equation Derivation: The aforementioned concept is appliedto (5) to express the proposed MAC arith metic.
Then, themultiplication would be transferred to a hardware architecturethat complies with the proposed concept, in
which the feedbackvalue for accumulation will be modified and expanded for thenew MAC.First, if the multiplication in
(4) is decomposed and rearranged,it becomes
(6)
XY =2V + 2V +d2'Y oty 2 g (6) is divided into the first partial product, sum of the middlepartial
products, and the final partial product, it can be reexpressedas (7). The reason
for separating the partial product additionas (7) is that three types of data are fed back for accumulation,which are the
sum, the carry, and the preadded

Np-2o . (7
XY =d2V+ ) dPY +dyp 2V,
i=1

results ofthesumand carry from lower bits

Issn 2250-3005(online) December| 2012} Page 30




| @ur ==

‘nternational Journal Of Computational Engineering Research (ijjceronline.com) Vol. 2 Issue. 8

Now, the proposed concept is applied to in (5). If is firstdivided into upper and lower bits and rearranged, (8) will
bederived. The first term of the right-hand side in (8) correspondsto the upper bits. It is the value that is fed back as the
sumandthe carry. The second termcorresponds to the lower bits and is

D ath | w bits Multplicand (1)

I N
Stepl 1 Encoding | bits Multiplier (1)
[ R ———— ol

i | [ bits Partial Product () |

i Partial

! Product | [+ bits Partial Product () |

i |

1 Summation | [ v#1 vits Partial Produc () |
Slqﬂi s | |

1

I 1 !

:Pmmmul.ul-: i

: fion I '

J} § [ w1 bits Pantial Product (p3,.) |
____________ o e e o o o e o e

| 1
S| Pl Sm ) |

: Addition : I Camry (C) J
RO R _: _____________________________________

: | 2 bits Accumulation Result (2) ]

Figure2: Proposed arithmetic architecture of MAC
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Figure3: Hardware architecture of proposed MAC

the value that is fed back as the addition result for the sumandcarry

N— 2N —
Z = Zz,?‘ + Z z 2t (8)
=) =N

The second term can be separated further into the carry termand sumterm as

2N-1 N-l
Y wl=) 22" Z(.;T 522V, ()
=N i=(] =(]
Thus, (8) is finally separated into three terms as
N-1 N-2
Z=) a2+ 224 Z 522V, (10)
=] =] 1=l

If (7) and (10) are used, the MAC arithmetic in (5) can beexpressed as
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N/2-2
P= (fuZY-I- Z ffizﬁy-l-ff,n.,'fg_ﬁ"\-_z}’

=1

N-1 N-2 N-2
Y a2V e Y ¥ Y s22Y )
i=) i=l) =[]

If each term of (11) is matched to the bit position and rearranged,it can be expressed as (12), which is the final
equationfor the proposed MAC. The first parenthesis on the right is theoperation to accumulate the first partial product
with the addedresult of the sumand the carry. The second parenthesis is theone to accumulate the middle partial products
with the sumoftheCSA that was fed back. Finally, the third parenthesis expressesthe operation to accumulate the last
partial product withthe carry of the CSA.

B. Proposed Mac Architecture

If the MAC process proposed in the previous section is rearranged,it would be as Fig. 3, in which the MAC is
organizedinto three steps. When compared with Fig. 1, it is easy to identifythe difference that the accumulation has been
merged intothe process of adding the partial products. Another big differencefrom Fig. 1 is that the final addition process
in step 3 is notalways run even though it does not appear explicitly in Fig. 3.

S CUL R{) CO] 207) P41 216) 26 Z05) RAS) Z04) ) Z03) P) 2120 P2 20) RAY 200] Pdo)

] CRl

=

le-207)

] ClY)

=
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Figure 4.Architecture of the proposed CSA tree.

Nol Npl N2
P= (H'UQY + Z 3-,'2*) + Z d2%Y + Z e;2'9N

1=0 i=l i=0
" ‘\._2 . "
+ (d.\';z-ﬂ“ NEDY s;.Z':E“) . (12)
i=0
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Since accumu lation is carried out using the result from step 2 insteadof that from step 3, step 3 does not have to be run
until thepoint at which the result for the final accumulation is needed.The hardware architecture of the MAC to satisfy
the processin Fig. 3 is shown in Fig. 4. The -bitMAC inputs, and , areconverted into an -bit partial product by passing
throughthe Booth encoder. In the CSA and accumu lator, accumu lationis carried out along with the addition of the partial
products. Asa result, -bit , and (the result from adding the lower bitsof the sum and carry) are generated. These three
values are fedback and used for the next accumulation. If the final result forthe MAC is needed, is generated by adding
andC in the final adder and combined with that wasalready generated.

C. Proposed Csa Architecture

The architecture of the hybrid -type CSA that complies withthe operation of the proposed MAC is shown in Fig.
5, whichperforms 8 8-bit operation. It was formed based on (12). InFig. 5, is to simplify the sign expansion and is to
compensatel’s complement number into 2’s complement number.and correspond to the th bit of the feedback sum
andcarry. is the th bit of the sum of the lower bits for eachpartial product that were added in advance and is the
previousresult. In addition, corresponds to the th bit of theth partial product. Since the multiplier is for 8 bits, totally
fourpartial products are generated from theBooth encoder. In (11), and correspond toand , respectively. This CSA
requires at leastfour rows of FAs for the four partial products. Thus, totally fiveFA rows are necessary since one more
level of rows are neededfor accumu lation. For an -bit MAC operation, the levelof CSA is . The white square in Fig. 5
represents anFA and the gray square is a half adder (HA). The rectangularsymbol with five inputs is a 2-bit CLA with a
carry input.The critical path in this CSA is determined by the 2-bit CLA.It is also possible to use FAs to implement the
CSA withoutCLA. However, if the lower bits of the previously generatedpartial product are not processed in advance by
the CLAs, thenumber of bits for the final adder will increase. When the entiremultiplier or MAC is considered, it
degrades the performance.ln Table I, the characteristics of the proposed CSA architecturehave been summarized and
briefly compared with other architectures.For the number system, the proposed CSA uses 1’scomplement, but ours uses
a modified CSA array without signextension.Thebiggest difference between ours and the othersis the type of values that
is fed back for accumulation. Ours hasthe smallest number of inputs to the final adder.

Tablel: Characteristics of CSA

|6] [17] The Proposed
Number System 2's Complement s Complement 1's Complement
Sign Extension sz sed MNot Used

Accumulation Result Data of  Result Data of  Sum and Carry of C5A
Final Addition Final Addition

CSA Tree FA, HA FA. 2 bits CLA FA, HA, 2 bies CLA
Final Adder 2n hits (142 hits 7 hits

Table2: Calculation of Hardware Resources

Component 6] [17] The Proposed
General 16 bits  General 16 bits  General 16 bits
FA (% 4n) 9648 (7 42043) 10921 (7 42} 9112
HA 0 0 0 ] o 768
2 hit CLA i} 0 {’2J L) 49 ’_: 36
Accumulator (2n+ 1) bits CLA - 214 -
Final adder 2n hits 197 42 bis 1095  n bis 97
Total 1375.8 1250.6 1141

4. Implementation And Experiment

In this section, the proposed MAC is implemented andanalyzed. Then it would be compared with some
previousresearches. First, the amount of used resources in implementingin hardware is analyzed theoretically and
experimentally, thenthe delay of the hardware is analyzed by simplifying Sakurai’salpha power law [20]. Finally, the
pipeline stage is defined andthe performance is analyzed based on this pipelining scheme.lmplementation result from
each section will be compared withthe standard design and Elguibaly’s design, each ofwhich has the most representative
parallel MBA architecture.
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A. Hardware Resource

1) Analysis of Hardware Resource: The three architecturementioned before are analyzed to compare the
hardwareresources and the results are given in Table Il. In calculatingthe amount of the hardware resources, the
resources for Boothencoder is excluded by assuming that the identical ones wereused for all the designs. The hardware
resources in Table Il arethe results from counting all the logic elements for a general16-bit architecture. The 90 nm
CMOS HVT standard cell libraryfrom TSMCwas used as the hardware library for the 16 bits. Thegate count for each
designwas obtained by synthesizing the logicelements in an optimal form and the resultwas generated by multiplyingit
with the estimated number of hardware resources. Thegate counts for the circuit elements obtained through synthesisare
showninTable Ill, which are based on a two-input NANDgate.Let us examine the gate count for several elements in
Table IIfirst. Since the gate count is 3.2 for HA and 6.7 for FA, FA isabout twice as large as HA. Because the gate count
fora 2-bitCLA is 7, it is slightly larger than FA. In other words, even if a2-bit CLA is used to add the lower bits of the
partial products inthe proposed CSA architecture, it can be seen that the hardwareresources will not increase
significantly.

Table3: Gate size of logic circuit element

Element Gate Size
Inverter (1 R.3
HEMA-NAND 1/1.5/2.5
203 4-NOR 1/252.2
234X OR 204400
2304 -AND 1.2/1.5/2
2FAA-0R 1.201.5/2
Half Adder 3.2
Full Adder 6.7
D Flip-Flop 6.2
41 MUX 4]
B=x1 MUX 14.2
2 bits CLA 7
4 bits CLA 20,5

Table4: Estimation of gate size synthesis

CSA Boath Final Adder Total (C/L}

Encode
w17 Proposed eder [17] Proposed  [17]  Proposed

a0 1067 1,009 713 104 97 1884 1,819
130 1216 1158 B64 118 1o 2098 2,131
IR0 L5381 1484 808 120) 14 2510 2407
250 2027 2,000 L1290 141 1310 3297 3261

As Table 11 shows, the standard design uses the most hardwareresources and the proposed architecture uses the least.
Theproposed architecture has optimized the resources for the CSAby using both FA and HA. By reducing the number of
input bitsto the final adder, the gate count of the final adder was reducedfrom 109.5 to 97.2) Gate Count by Synthesis:
The proposed MAC and [17]were implemented in register-transfer level (RTL) using hardwaredescription language
(HDL). The designed circuits weresynthesized using the Design Complier from Synopsys, Inc.,and the gate counts for
the resulting netlists were measured andsummarized in Table 1V. The circuits in Table 1V are for 16-bitMACs. In order
to examine the various circuit characteristicsfor different CM OS processes, the most popular four processlibraries (0.25,
0.18, 0.13 m, 90 nm) for manufacturing digitalsemiconductors were used. It can be seen that the finer theprocess is, the
smaller the number of gates is.As shown in Table 11, the gate count for our architecture isslightly smaller. It must be kept
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in mind that ifa circuit is implemented as part of a larger circuit, the number ofgates may change depending on the timing
for the entire circuitand the electric environments even though identical constraintswere applied in the synthesis. The
results in Table I'V were forthe combinational circuits without sequential element. The totalgate count is equal to the sum
of the Booth encoder, the CSA ,and the final adder.

Table 5: Normalized Capacitance and Gate Delay

Ciate Comment [ .y
Inverter - 3 e
B 1 MUX d-lewvel logic 4 A5. 24t
D-F/'F Slave delay <+ 16,1 +t4c
1 bit FA input-to-sum 12 2064t
I bit Fa inpul-to-carry 12 AR T+t4c
2 bits CLA imp - Lo Surm 12 L R
2 bits CLA ANpPUE-To-carry 16 33,94t
4 hits CLA inmpuei-To-sum 12 L6, Bl o
4 bits CLA input-to-carey 24 B4t

Table 6: Delay Time analysis and comparison

Step 6] [17] The Proposed
General 16 bits  General 16 bits  General 16 bits
Siep] Boath Encoding Booth Encoding Roath Encoding
P 528n+ 500 9047 10.6n + 811 2507 10.6n+ 811 250.7
Sten? CSA Hybrid CSA Hybrid CSA
MRS o5 050 — 51O 3633 33550 - 6.1 4697 3355m 5368
Siep3 Final Addition Final Addition Final Addition

5T.2n 9152 286 +457.2 3148 I86n 4576

Accumulation
Septgan 9152

Critical Accomulation Final Addition Hybrid CSA
Path AT2n 9152 286n+37.2 3148 3350n 5364

B. Delay Model

1) Modeling: In this paper, Sakurai’s alpha power law isused to estimate the delay. Because CMOS process is
used andthe interconnect delay that is not due to gates related to logicoperation is ignored, was used. The delay by
simplifyingthe alpha power law was modeled. Order for easy comparisonswith other architectures, the modeled values
identicalto are used in this paper. The normalized input capacitanceand gate delay for the hardware building blocks
withthese modeled values are shown in Table V.In Table Il, is the ratio of the saturation velocity.Andare the load gate
capacitance and gate capacitance of theminimum-area transistor, respectively. is the duration timeand is the falling time
of the minimum-area inverter due to. Since delay modeling and its simplification process is notthe focus of this paper, it
will not be described in detail here.

2) Delay Analysis: The results of delay modeling for theBooth encoder, the CSA , and the final adderusing Table VI are
given in (13)-(16). It represents the select logic delay, buffer delay, andMUX delay, respectively.

Ty = (%) Tylearry) = 28.6n.
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n=ﬂ+('fi+2)ﬂ:+‘]-m (13)
Ty =123+(n+2)x106+ 476 =10.6n+ 811 (14)
I.= (E) Ty(carry) = (E) 67.1 4 33.5n (13)
27 7 2

Booth Encoder

Figure5: pipelined Hardware structre. (a)proposed structure, (b)Elgubaly’s structure

The delays in Table VI were obtained using the hardwareresources in Table Il and the gate delays in Table V.
FromTable VI, it is easily recognizable that the delay of [6] is considerablylarger than others. The proposed architecture
uses thesame Booth encoder and the delay is also identicalto. Because the critical path for the CSA tree isdetermined by
the 2-bit CLA, the delay is proportional to it.The proposed architecture has one more 2-bit CLA comparedto [17], as
shown in Table Il where the delay is greater by 67.1.The number of input bits for the final adder is less by one in
ourarchitecture and the delay is also faster by 57.2.1f pipelining is applied for each step, the critical path for theproposed
architecture is 33.55 and it corresponds to the valueof 536.8 for 16-bit MAC. However, if the performance of the actual
outputrate is considered, it can be verified that the proposed architectureis superior. The reason will be explained in
detail in the nextsection with the pipelining scheme.Because of the difficulties in comparing other factors,only delay is
compared. The sizes of bothMACs were 8 8 bitsand implemented by a 0.35mfabrication process. The delay of ours was
3.94, while it was it 4.26 ns, which meansthat ours improved about 7.5% of the speed performance. Thisimprovement is
mainly due to the final adder. The architecture should include a final adder with the size of 2 to performan multip lication.
It means that the operational bottleneckis induced in the final adder no matter how much delays are reduced in the
mu ltip lication or accu mulation step, whichis the general problem in designing a multiplier. However, ourdesign uses -bit
final adder, which causes the speed improvement.This improvement is getting bigger as the numberof input bits
increases.

Clock 1 Clock 2 Clock 3 Clock 4 Clock § Clock 6
1
g 1 Booth Cneoding 1 Booth Encoding 2 Booth Encoding 3
98¢ 1| esaace 1 CSNACC2 CSA/ACC3
Stage 2 Final Addiion | Final Additien 2 Final Addition 3
(a)
Clock 1 Clock 2 Clock 3 Clock 4 Clock 5 Clock 6
1 | Booth Encoding 1 | Booth Lacoding 2 | Bocih Ensoding 3 | Booth Encoding 4 | Boorh Encoding 5 | Booth Encoding &
Sagel | esamce CSAACC2 CSAIACC 3 CSAACCH CSA/ACC S CSAACC 6
Stage2 Final Addition | | Final Addition2 | Final Addition 3 | Final Addition4 | Final Addirion
(b)
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Figure 6: Pipelined operational sequence. (a) Elguibaly’s operation. (b) Proposed operation.

Experimental Results:

I Y ]

5. CONCLUSION:

In this paper, a high-accuracy modified Booth multiplier has been proposed. In the proposed multiplier, the
booth encoder has reduced the number of partial product array to half the value. The partial product generator has
generated the partialproduct array bits. The compression tree has generated the final output product bits. The adder
which is used in the implementationof multiplier is Carry Look ahead Adder. The compression tree along with the carry
look ahead adder has reduced the hardwareoverhead and power consumption

Future Work:

The current analysis produces high accuracy for the fixed width output product which is of length 2n - bits i.e. n
multiplicandand n multiplier produce 2n - bit output product. There is a further need to produce high accuracy for the
fixed width of half,quarter, one by eighth and one by sixteenth of the product term bits. The above need is satisfied by
means of comparator and asorting network which uses minimum number of logic gates.
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Abstract

A subset D of V is called a dom strong dominating set if for every vE V — D, there exists u; u,€ D such that uyv,
uv € E(G) and deg (u; ) > deg (v). The minimum cardinality of a dom strong dominating set is called dom strong
domination number and is denoted by yqsq. In this paper, we introduce the concept of nonsplit dom strong domination
number of a graph. A dom strong dominating set D of a graph G is a nonsplit dom strong dominating set (nsdsd set) if the
induced subgraph <V-D> is connected. The minimum cardinality taken over all the nonsplit dom strong dominating sets is
called the nonsplit dom strong domination number and is denoted by v,s4s4(G). Also we find the upper bound for the sum of
the nonsplit dom strong domination number and chromatic number and characterize the corresponding extremal graphs.

1. Introduction
Let G = (V, E) be a simple undirected graph. The degree of any vertex u in G is the number of edges incident with
u and is denoted by d(u). The minimum and maximum degree of G is denoted by 5(G) and A(G) respectively. A path on n

vertices is denoted by P, The graph with V(B 1)={U1,Uz,Us,....Un,V1,V5,V3,...Vo}and E(By ) ={uui,vv;uv: 1 <i < n}is called
the n-bistar and is denoted by By, . The graph with vertex set V(Hnn) = {V1,V2,V3,...Vq,U1,Up,Us....un} and the edge set

E(Hnn) ={ Vi u;1<i <n, n-i+1 <j < n} is denoted by H, . The corona of two graphs G; and G, is the graph G = G,0 G,
formed from one copy of G; and |V(G,)| copies of G, where the i vertex of G is adjacent to every vertex in the i" copy of
G,.

The Cartesian graph product G = G;o G, is called the graph product of graphs G; and G, with disjoint vertex sets V;
and V, and edge set X; and X, is the graph with the vertex set V; X V, and u = (uy,u,) adjacent with v = (vy,Vv,) whenever
[u; = v; and u, adjacent to v,] or [u, = v, and u; adjacent v;]. The book graph B, is defined as the graph cartesian product
Sm+1 X P2, where Sy, is a star graph and P, is the path graph on two nodes. The friendship graph or (Dutch windmill graph)
F, is constructed by joining n copies of the cycle C; with a common vertex. The ladder graph can be obtained as the
Cartesian product of two path graphs, one of which has only one edge. A graph G is a called a (n x m) flower graph if it has
n vertices which form an n-cycle and n-sets of m-2 vertices which form m-cycles around the n-cycle so that each m-cycle
uniquely intersects with n-cycle on a single edge.

A (n, k)- banana tree is defined as a graph obtained by connecting one leaf of each of n copies of an k-star graph root
vertex that is distinct from all the stars. Recently many authors have introduced some new parameters by imposing
conditions on the complement of a dominating set. For example, Mahadevan et.al [14] introduced the concept of
complementary perfect domination number.

A subset S of V of a non-trivial graph G is said to be an complementary perfect dominating set if S is a dominating set and
<V-S> has a perfect matching. The concept of nonsplit domination number of a graph was defined by Kulli and Janakiram
[5]. A dominating set D of a graph G is a nonsplit dominating set if the induced subgraph <V-D> is connected. The non
split domination number yps (G) of G is minimum cardinality of a nonsplit dominating set. The concept of dom strong
domination number of the graph is defined in [16]. Double domination introduced by Haynes[18] serves as a model for the
type of fault tolerance where each computer has access to atleast two fileservers and each of the fileservers has direct
access to atleast one backup fileserver. Sampathkumar and Pushpalatha [15] have introduced the concept of strong weak
domination in graphs. A combination of the concepts of double domination and strong weak domination is the concept of
domination strong domination where in for every vertex outside the dominating set, there are two vertices inside the
dominating set, one of which dominates the outside vertex and the other strongly dominates the outside vertex. In this
paper we introduce the concept of non split dom strong domination number of a graph.
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2. Non Split Dom Strong Domination Number

Definition 2.1

A dom strong dominating set D of a graph G is a nonsplit dom strong dominating set (nsdsd set) if the induced subgraph
<V-D> is connected. The minimum cardinality taken over all the nonsplit dom strong dominating sets is called the non
split dom strong domination number and is denoted by Vnsgsa (G).

Examples 2.2

Vi

%T\:\\x .

= =
\\V\[; /

In the figure 2.1, Dy = { vy, V5, V5 } form the nonspncaum suony dominating set of Gy.

\i Vo

Vs U

Vs V
G, 6

Figure 2.2

In the figure 2.2, Dy = { vy, V5, Vs, Ve}and D, = { vy, Vs, V4 Vs, Ve } form the nonsplit dom strong dominating set of G,. The
minimum cardinality is taken as the nonsplit dom strong domination number for G, is 4.

Basic Observations 2.3

The nonsplit dom strong domination number of some of the standard classes of graphs are given below
Ynsasd (Pn) = N-1 for n > 4,where P, is a path on n vertices.

Ynsasd (Cn) = -1 for n > 4,where C,, is a cycle on n vertices

vnsasd (Kn) =2 for n >3, where K, is a complete graph on n vertices.

Ynsasd (Ko ) = N+1, where Ky ,is a star graph.

Ynsdsd (Kmn) = m+n -1 for m#n where Ky, is a bipartite graph on m+n vertices
Yrsasd (Kmn ) = 4 for m =n where K, is a bipartite graph on m+n vertices

Ynsasd (P) = 8, where P is the Peterson graph.

Ynsasd (W) = n-1 where W, is a wheel whose outer cycle has n vertices.

Ynsasd (Hn) = n +1 where H, is a Helm graph.

10. ynsasd (Bmn) = m+n+1 where By, , is a bistar.

11. If Gisthe corona C,0 Ky then yn5s0 (G) = 2n-2 for n >3

12. If G isthe corona K0 K then ypsgsg (G) =n+1 forn >3

13. Ynsasa (Bm) =N - 1, where By, is a book graph.

14. vynesa (Fn) = n -1, where F, is a friendship graph.

15. vynsasa (Ln) = 2n-2, where L, is a ladder graph.

16. Ynsgsd (Faxm) = N(M-1)-2, where Fyy is a flower graph.

17. vnsasa (Bnk) = Nk, where B, is a banana tree.

©CoNoaM~WNE

Theorem 2.4 Let G be a graph with no isolates. Then 2 <y, (G) < n and the bounds are sharp.
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Proof Since any dom strong dominating set has at least two elements and at most n elements. Hence for any nonsplit dom
strong dominating set has at least two elements and at most n elements. For a star ynssq (Kin) = n+1 and for K, ynssa (Kn) =
2.Therefore the bounds are sharp.

Theorem 2.5 In a graph G, if a vertex v has degree one then v must be in every nonsplit dom strong dominating set of G.
That is every nonsplit dom strong dominating set contains all pendant vertices.

Proof Let D be any nonsplit dom strong dominating set of G. Let v be a pendant vertex with support say u. If v does not
belong to D, then there must be two points say x,y belong to D such that x dominates v and y dominates v. Therefore x and
y are adjacent to v and hence deg v > 2 which is a contradiction. Since v is a pendant vertex, so V belongs to D.

Observation 2.6 y(G) < vgsa (G) < Vnsasa (G) and the bounds are sharp for the graph G; figure 2.3

Vi Vo
Ve

Vs

Vy

V3 V7

Gs
Figure 2.3

Observation 2.7 For any graph G, Ynsisa (G) > ln Sla+ 1]_| and the bound is sharp.

Proof For any graph G, [n/(4A +1)1<y and also by observation 2.6, the theorem follows. The bound is sharp for the
graph G,in figure 2.4. A Vs,

Vs

\Z}

V3 3

Gy
Figure 2.4
Remark 2.8 Support of a pendant vertex need not be in a nonsplit dom strong dominating set. For the graph Gs in figure
2.5, Vneasd (Gs) = 4. Here Dy = { vy, V» V4,Vs s a nonsplit dom strong dominating set which does not contains the support

V3.
v 9
vvz V3 V4

Vs

Gs
Figure 2.5
Observation 2.9 If H is any spanning subgraph of a connected graph G and E(H) < E(G) then Ynssa (G) < Ynsasa (H).

Theorem 2.10 Let G = C, (n >5). Let H be a connected spanning subgraph of G, then yns4sa (G) = Vnsasa (H)-
Proof We have yngsq (G) = n - 1 and also a connected spanning sub graph of G is a path. Hence <H> is a path so that

Ynsasd (H) =1 -1.
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Observation 2.11 For any cycle C, and any v € V(C,),
Vnsdsd (Cn 'V) =2 ifn=3,
3 ifn=4,
n-2 ifn>4.
Proof Follows from theorem 2.10.

Observation 2.12 If G = K, 0 Ky, for any complete graph K, then ygsq (G) = Ynsasa (G).

Theorem 2.13 For any connected graph G, ynsasq (G) = n if and only if G is a star.

Proof If G is a star then V is the only nonsplit dom strong dominating set so that ynssq (G) = n. Conversely, assume that
Ynsasd (G) = n. We claim that G is a star. Suppose not, let u be a vertex of a maximum degree A with N(u) = { ug,Up,.....us }.
If < N(u) > has an edge e = uu; then V- { u; } is a nonsplit dom strong dominating set of cardinality n - 1, which is a
contradiction. If < N(u) > has no edge then G has an edge e = xy which is not incident with u such that u is adjacent to x.
then V-{u} is a nonsplit dom strong dominating set of cardinality n-1 which is a contradiction. Hence G is a star.

Theorem 2.14 For any connected graph G, ynsgsg (G) = 2 if and only if there exist u and v such that deg u = deg v = A,
then deg u and deg v > n-2.

Proof Let there exist u and v satisfying the hypothesis. Let D = {u,v}. Let x € V-D, then x is adjacent to both u and v.
Since deg u = deg v= A, we have deg x < deg u and deg x < deg v, therefore D is the nonsplit dom strong dominating set.
Conversely, let D = {u, v} be a nonsplit dom strong dominating set. Every point x € V-D is adjacent to both u and v.
Therefore deg u > n-2, deg v > n-2. Also deg X < deg u or deg v. Suppose deg u and deg v < A then there exists X € V - D
of deg A. Therefore D is not a nonsplit dom strong dominating set, which is a contradiction. Hence deg u = deg v = A. If
deg u is not equal to deg v then deg u = n-1 and deg v = n-2, which is impossible. Therefore  deg u=degv=A.

Theorem 2.15 Let G be a graph without isolates and let there exists a ynssq Set Which is not independent. Then y(G)+ 1 <

Ynsdsd (G)
Proof Let D be a ynssq Set which is not independent. Let x € D be such that x is adjacent to some point of D. If N(x) N

(V-D)= @, then as G has no isolates N(x) N D # ®. Hence D - { x } is a dominating set. Therefore y(G) < |D-{ x } =
Yrsasd(G) -1. If N(x) N(V-D) # @. Then for any y € N(x) N(V-D) there exists z€ D such that z is adjacent to y. As X is

adjacent to some point of D, D -{ x } is a dominating set. Therefore y(G) < |D-{ X }| £ vynsisa (G) -1.The bound is sharp.
v(Ky) = land Ynsgsg (Kn) =2.

Theorem 2.16 Ynesa (G) > [2n/(A + 2) 1

Proof Every vertex in V-D contributes two to degree sum of vertices of D. Hence 2|V-D| < 3 ,ep d(u) where D is a
nonsplit dom strong dominating set, so that 2 [V-D| < ynsgss A Which implies 2(|V]- |D]) £ Ynsgsa A. Therefore 2n - 2ypggsq <
Ynsasd A, Which implies  ynsgsa (A+2) > 2Nn. Hence Ynsgsg > [2n Jla+ 2j|—|. The bounds are sharp. For Ky, ynsasa (Kg) = 2.
Yosasad (G) =[2n/(a + 2)1=2.

3. Relation Between The Nonsplit Dom Strong Domination Number And Chromatic Number :

Recently many authors have studied the problem of obtaining an upper bounds for the sum of the one domination
parameter and graph theory parameter and characterize the corresponding extremal graphs. In [11], Paulraj Joseph J and
Arumugam S proved that y + k < p. In [12], Paulraj Joseph J and Arumugam S proved that y+ x < p + 1. They also
characterized the class of graphs for which the upper bound is attained. They also proved similar results for y and 7y In
[13], Paulraj Joseph J and Mahadevan G proved that Y.+ % < 2n-1 and characterized the corresponding extremal graphs.
In [6], Mahadevan G, proved that vy, + % < 2n-1 and characterized the corresponding extremal graphs. He also proved that
vior T % < 2n - 2 and characterized the corresponding extremal graphs. In [14], Paulraj Joseph J, Mahadevan G and Selvam

A. introduced the concept of complementary perfect domination number yq and proved that y,, + ¥ < 2n-2, and
characterized the corresponding extremal graphs. They also obtained the similar results for the induced complementary
perfect domination number and chromatic number of a graph. We find the upper bound for the sum of the nonsplit dom
strong domination number and chromatic number and characterize the corresponding extremal graphs
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Notations 3.1

Pi(mym,) where k=2, m;,m, =1 be the graph obtained by identifying centers of the stars Ky m; and K, m; at the
ends of Pk respectively. The graph C3(my, my, 0) is obtained from C; by identifying the centers of stars K; m and Ky m at
any two vertices of C3. The graph K,(my, my, ms, mg, ms_.mjy) denote the graph obtained from K, by pasting m, edges to
any one vertex u; of K,, m; edges to any vertex u; of K,,  fori# j, ms edges to any vertex uy for i # j = k, m, edges to u,
i=zjzk#1.... m, edges to all the distinct vertices of K,. Cn(Py) is the graph obtained from C, by attaching the end
vertex of P, to any one vertices of C,. K,(P) is the graph obtained from K, by attaching the end vertex of P, to any one
vertices of K.

Theorem 3.2 For any graph G, ynsgss (G) <n.

Theorem 3.3 For any connected graph G, y (G) <A (G) +1.

Theorem 3.4 For any graph, ynsssd (G) + % (G) < 2n and equality holds if and only if G =K,

Proof By theorem 3.2 and 3.3, it follows that y,sgsq (G) + % (G) <n+ A+ 1<n+n-1+1<2n. Now we assume that
Ynsdsd (G) + % (G) = 2n. This is possible only if ypssq (G) = n and y (G) =n. Since ¥ (G) =n, G is complete. But for complete
graph, Ynsasa (G) = 2. Hence G = K,. Converse is obvious.

Theorem 3.5 For any graph G, ynsisa (G) + % (G) = 2n-1 if and only if G = P; K3,

Proof If G is either Psor K3, then clearly ynssa (G) + % (G) = 2n-1. Conversely, assume that y,s45¢(G) + x(G) = 2n-1. This
is possible only if ynssa(G) =n and %(G) = n-1 (0r) Ynssa(G) = N-1 and y (G) =n.

Case (i) 7Ynsasa (G) =n and x(G) = n-1. Since ynsasa (G) =N, G is a star. Therefore n=3. Hence G = P; On increasing the
degree we get a contradiction.

Case (i) ynsasa (G) =n-1 and ¢ (G) = n. Since ¢ (G) = n, G is complete. But for K, vnssa (G) = 2, so that n = 3. Hence
Gz K.

Theorem 3.6 For any graph G, ynsssa (G) + % (G) =2n-2 if and only if G = Ky 3, K3 (P2), K.

Proof If G is any one of the following graphs Ky 3 K3 (P2), K4 then clearly ynsasa(G) + % (G) = 2n-2. Conversely, assume
that ynsasa (G) + % (G) = 2n-2. This is possible only if yyssa (G) = n and ¥(G) = n-2 (0Or) ynsgsa (G) = n-1and ¥(G) = n-1 (or)
Ynsdsd(G) =n-2and y(G)=n

Case (i) 7Ynsasa(G) = n and x(G) = n-2. Since ynsasa (G) = N, G is a star. Therefore n = 4. Hence G = K; 3 On increasing the
degree we get a contradiction.

Case (i) ynsasa (G) = n-1 and y (G) =n-1. Since x(G) =n-1, G contains a clique K on  n-1 vertices. Let S = {v} be the
vertex other than the clique K,.;.Then v is adjacent to u; for some i in K. Then { vq,u; U} is @ ynsgsa S€t. Hence n = 4.
Therefore K= Ks. If  d(vy) =1 then G = K5 ( P;). On increasing the degree of vy, no graph exists.

Case (iii) Ynsasa (G) =n-2 and x(G) =n. Since x(G) =n, G = K. But for K, ynsisa (G) = 2. Therefore n = 3. Hence G = K,.

Theorem 3.7  For any graph G, ynsisa (G) + % (G) = 2n-3 if and only if G = Ky 4, K3 (P3), K3 (2), K3 (P2, P2, 0), Ks, or any
one of the graphs in the figure 3.1

Vi,
Y,
Uz \Y u Us
U]_ G u2 US U4
1 G,
Figure 3.1

Proof If G is any one of the above graphs then clearly ynsssa (G) + x (G) = 2n-3. Conversely, assume that ynsisa (G) + % (G)
= 2n-3. This is possible only if yysssa (G) =N, % (G) =n-3 (Or) Ynsasa (G) = N-1, % (G) = n-2 (Or) Ynsgsa (G) = -2, %(G) = n-1
(0r) Ynsdsa (G) =n-3, x(G) =n.
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Case (i) Ynsasd (G) = n and y (G) = n-3. Since ynsasa (G) =N, G is a star. Therefore n = 5. Then G = K, 4. On increasing the
degree no new graph exists.

Case (ii) Ynsasa (G) = n-1and % (G) = n-2. Since y (G) = n-2, G contains a clique K on n-2 vertices. Let S = {v1, v,} be the
vertices other than the clique K, then the possible cases are <S> =K, or K,

Subcase (i) Let <S> = K, Since G is connected, either v; or v, is adjacent to u; for some i in K., then {v, v, uj U} is a
Ynsasa Set S0 that n = 5. Hence K = K3 Ifd (vi) =2 and  d (v) =1, then G = Kj(P3). On increasing the degree, no graph
exists.

Subcase (ii) Let <S> =K, Since G is connected, v; and v, is adjacent to u; for some i in K, Then y,ss1 (G) = 4, so that K
= Ks Ifd(vy) =d (v2) = 1, then G = K;(2). If d(v1)=1 and d(v,) = 2 then G = G;. If v, is adjacent to u; and v, adjacent to u;
for some i #j in Ky, then ynssa(G) = 4. Hence K = Ks. If d (v1) = d (V) = 1, then G = K3 (P,, P2, 0). On increasing the
degree, no graph exists.

Case (iii) Ynsasa (G) = n-2 and ¢ (G) = n-1. Since y (G) = n-1, G contains a clique K on n-1 vertices. Let S = {v} be the
vertex other than the clique K,;.If v is adjacent to u; for some i in Kp.; then ynsasa (G) = 3. Hence n = 4. Therefore K= K. If
d(v) =1, then G=K,(P;). If d(v) =2, then G = G, On increasing the degree, no new graph exists.

Case (iV) Ynsasa (G) = n-3 and y (G) = n. Since x (G) = n, G = K,, But for complete Graph K, Ynsisa (G) = 2 so that n = 5.
Therefore G = K,

Theorem 3.8 For any graph G, ynssa (G) + % (G) =2n - 4if and only if G = Ky 5 K3 (3), C4(P2), S(Ky13), K3 (P3), C5(1,1,1),
Ks3(21,0), Ks(2), Ky (P2, P,,0,0), Ks (P2). Ks or any one of the graphs given in the figure 3.2

Vi >

Vs
V3 \%1
u v, U3 Vi
Uy Us V2
u U Us Vo V:
Uy Us 2 Us v 3
V3 3
G Uq G Us G4
1 GZ 3
Vi V20 VI
Vl V
u v V2 i
3 1 \
Us . Us Uy Uz
V2
u u, Uy Uz Vi oy Uy
Py 3
2 GS Uy G6 G7 GB
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Figure 3.2

Proof Assume that yngsq (G) + % (G) = 2n-4. This is possible only if ypsgsa (G) =n and (G) =n-4 (0r) Ynsasa (G) =n-1 and
%(G) = n-3 (0r) Ynsssa (G) = -2 and (G) = n-2 (Or) Ynsssa (G) = N-3 and ¥(G) =n-1 (0r) Ynsusa (G) = N-4 and ¥(G) =n.
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Case (i) Ynsisa (G) =n and y (G) =n-4. Since ynsasa (G) = N, G is a star. Therefore n = 6. Then G = K; 5 On increasing the
degree, we get a contradiction.
case (i) Vnsasa(G) =n-1 and y (G) =n-3.

Since  (G) =n-3, G contains a clique K on n-3 vertices Let S = {vy v, v3} be the vertices other than the clique K. then
<S> = P;, K, Ks, KUK,
Subcase (i) Let <S> =P;. Since G is connected, the following are the possible cases (i) there exist a vertex u; of K, 3
which is adjacent to any one of end vertices (ii) there exist a vertex u; of K,z which is adjacent to other than end vertices.
If there exist a vertex u; of K3 which is adjacent to any one of end vertices, then ynsgss (G) = 5. Hence n = 6. Therefore
K = Ka. If d(vi) = 2 and d(v,) = d(v3) = 1 then G = K3(P,). If u;is adjacent to v, which is not a pendant vertices then ynsq
(G) = 5. Hence n = 6. Therefore K =Kj If d(v;) = d(vs) = 1and d(v;) = 3then G = G;. If d(v5) = 2 and d(v;) = 1 and d(v,)
=3then Gz G,. If d(vy) =1 and d(v;) =3 and d(v3) = 2 then G = G3,
Subcase (ii) Let < S > = K. Since G is connected, there exist a vertex u; of K, adjacent to anyone of {v; v, vs}.
Without loss of generality let v, be adjacent to u; then yusisa (G) = 5. Therefore K=Kj_ If d(v;) =3 and d(v,) = d(v3) = 2 then
G = G4 If d(v,) =3 and d(v,) = 3 and d(vs) = 2 then G = G5, On increasing the degree we get a contradiction.
Subcase (iii) Let <S> =Ka. Since G is connected, let all the vertices of K; be adjacent to vertex u;. Then yugsq (G) = 5.
Hence n = 6. Therefore K = K3 Let u; U, Us be the vertices of Kj Let all the three vertices of K; adjacent to u;. Then
G=K;3(3). Ifd(vs) =2 and d(vi) = 1 and d(v,) = 1 then G = G¢.On increasing the degree, we get a contradiction. If two
vertices of K;are adjacent to u; and the third vertex adjacent to u;j for some i, then ynssa(G) = 5. Hence n = 6. Therefore K
= Kj Let u; Uy, usbe the vertices of K; Then G = K3 (2, 1 0). Ifd(v) =1 and d(v;) = 2 and d(v3) = 1 then G = G;. On
increasing the degree, we get a contradiction_ If all the three vertices of K3 are adjacent to three distinct vertices of K, 5 say
u;, Uj, Uy for i #j #Xk, then ynssg (G) = 5. Hence n = 6. Therefore K = Kj Let uy, up, uz be the vertices of K3 Then G = K,
(1,1,1). On increasing the degree, we get a contradiction.
Subcase (iv) Let <S> =K,u K;. Since G is connected, there exist a vertex u; of K,.3 which is adjacent to anyone of {v;,
V,} and vs. Then vnsa(G) = 4. Hence n = 6. Therefore K = K, so that G = S(K;3). On increasing the degree, we get a
contradiction. Let there exist a vertex u; of K3 be adjacent to any one of {vi, v} and u; for some | # j in K3 adjacent to vs.
Hence vnsasd(G) = 4, so that n = 5. Therefore K = K, which is a contradiction.

If G does not contain a clique K on n-3 vertices, then it can be verified that no new graph exist.

Case (iii) ynsasa (G) = n-2 and y (G) =n-2. Since y (G) =n-2, G contains a clique K on n-2 vertices. Let S ={ vy Vo V3 V4 }
be the vertices other than the clique K., then the possible cases are <S> = K,, K,.

Subcase (i) Let <S> =K, Since G is connected, either v; or v, is adjacent to u; for some i in K;.,. Then ynee (G) = 4 so
that n = 6. Therefore K= K, Let u; U, uz be the vertices of K;. Therefore G = K4(P3). On increasing the degree, then
G= Ggy Gg.

Subcase (ii) Let <S> = K,. Since G is connected, both v; and v, adjacent to u; for some i in K. Then ynsgsa (G) = 4 so that
n = 6.Therefore K= K, Let u; U, us, Uy be the vertices of K,. Therefore G = K, (2). If d(vy) =1 and d(v,) =2 then G = Gy,
On increasing the degree, we get a contradiction.. If the two vertices are adjacent to two distinct vertices of K., then
Ynsasd (G) = 4. Hence n = 6.Theefore K = K, Then G = K4 (P, P2, 0, 0). If d(v;) =2 and d(v,) = 1 then G = Gy, If d(vq) =2
and d(v;) =2 then G = Gy, On increasing the degree, we get a contradiction..

Case (iV) Ynsasa (G) = n-3 and y(G) = n-1.Since ¥(G) = n-1, G contains a clique K on n-1 vertices. Let the vertex v; is
adjacent to u; for some i in K., Therefore v (G) = 3, hence n = 6. Therefore K = Ks. Then G = Ks (P,). If d (v) = 2 then
G = G;5.0n increasing the degree, we get a contradiction.

Case (V) Let ynsa(G) = n-4 and y (G) = n. Since ¢ (G) = n, G = K. But for Ky, ynsssa (G) = 2, so that n = 6. Therefore
G =K,
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Abstract

Traffic sign recognition is a difficult task if aim is at detecting and recognizing signs in images captured from
unfavorable environments. Complex background, weather, shadow, and other lighting-related problems may make it
difficult to detect and recognize signs in the rural as well as the urban areas. Two major problems exist in the whole
detection process. Road signs are frequently occluded partially by other vehicles. Many objects are present in traffic
scenes which make the sign detection hard (pedestrians, other vehicles, buildings and billboards may confuse the
detection system by patterns similar to that of road signs). Color information from traffic scene images is affected by
varying illumination caused by weather conditions, time (day night) and shadowing (buildings)

1. Introduction

Traffic sign recognition is important for driver assistant systems, automatic vehicles, and inventory purposes.
The best algorithm will be the one that yields the best global results throughout the whole recognition process, which
comprises three stages: 1) segmentation; 2) detection; and 3) recognition. Researchers have developed vision-based
techniques for traffic monitoring, traffic-related parameter estimation, driver monitoring, and intelligent vehicles, etc. [1].
Traffic sign recognition (TSR) is an important basic function of intelligent vehicles [2], and TSR problems have attracted
attention of many research groups since more than ten years ago. Traffic sign recognition is part of the general case of
Pattern Recognition. Major problem in pattern recognition is the difficulty of constructing characteristic patterns
(templates). This is because of the large variety of the features being searched in the images, such as people faces, cars,
etc. On the contrary, traffic signs a) are made with vivid and specific colors so as to attract the driver’s attention and to be
distinguished from the environment b) are of specific geometrical shapes (triangle, rectangle, circle - ellipse) and c) for
each sign there is a specific template. It is therefore rather easy to develop an algorithm in such a way that the computer
has “a priori knowledge” of the objects being searched in the image.

2. Related Work

Traffic signs are normally classified according to their color and shape and should be designed and positioned in
such a way that they can easily be noticed while driving. Inventory systems must take advantage of these characteristics.
However, various questions need to be taken into account in traffic sign-recognition system. For example, the object’s
appearance in an image depends on several aspects, such as outdoor lighting condition. In addition, deterioration of a
traffic sign due to aging or vandalism affects its appearance, whereas the type of sheeting material used to make traffic
signs may also cause variations. These problems particularly affect the segmentation step [3], which is usually the first
stage in high-level detection and recognition systems. Segmentation can be carried out using color information or
structural information. Many segmentation methods have been reported in the literature since the advent of digital image
processing. Detection and recognition are two major steps for determining types of traffic signs [4]. Detection refers to the
task of locating the traffic signs in given images. It is common to call the region in a given image that potentially contains
the image of a traffic sign the region of interests (ROI). Taking advantages of the special characteristics of traffic signs,
TSR systems typically rely on the color and geometric information in the images to detect the ROIs. Hence, color
segmentation is common to most TSR systems, so are edge detection [5] and corner detection techniques [6]. After
identifying the ROIs, we extract features of the ROIls, and classify the ROIs using the extracted feature values.
Researchers have explored several techniques for classifying the ideographs, including artificial neural networks (ANNSs)
[7], template matching [8], chain code [9], and matching pursuit methods [10]. Detection and recognition of traffic signs
become very challenging in a noisy environment. Traffic signs may be physically rotated or damaged for different
reasons. View angles from the car-mounted cameras to the traffic signs may lead to artificially rotated and distorted
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images. External objects, such as tree leaves, may occlude the traffic signs, and background conditions may make it
difficult to detec ..Otraffic signs. Bad weather conditions may have a detrimental effect on the quality of the images.
The traffic sign-recognition system which was described in detail in [11] consists of four stages as shown in Figure 1.

. Results from
Detection

Recognition

previous |

images

Tracking

Fig. 1: Traffic sign recognition system.

Segmentation: This stage extracts objects from the background, which are, in this case, traffic signs using color
information.

Detection: Here, potential traffic signs are located through shape classification.
Recognition: Traffic sign identification is effected using SVMs.
Tracking: This stage grouped multiple recognitions of the same traffic sign.

3. Region Of Interest (Roi) Detection

Transportation engineers design traffic signs such that people can recognize them easily by using distinct colors
and shapes for the signs. Many countries use triangles and circles for signs that carry warning and forbidding messages,
respectively. These signs have thick and red borders for visibility from apart. Hence, we may use color and shape
information for detecting traffic signs.

4. Color Segmentation

Identifying what pixels of the images are red is a special instance of the color segmentation problems. This task
is not easy because images captured by cameras are affected by a variety of factors, and the “red” pixels as perceived by
human may not be encoded by the same pixel values all the time.Assuming no directly blocking objects, lighting
conditions affect the quality of the color information the most. Weather conditions certainly are the most influential
factor. Nearby buildings or objects, such as trees, may also affect quality of the color information because of their
shadows. It is easy to obtain very dark images, e.g., the middle image in Figure 2, when we are driving in the direction of
the sun.

Fig. 2: Selected “hard” traffic signs. The left sign did not face the camera directly, and had a red background. The
middle picture was taken in the dusk. The signs in the rightmost image were in the shadow.

As a consequence, “red” pixels can be embodied in a range of values. Hence, it is attempted to define the range for the red
color. We can convert the original image to a new image using a pre-selected formula. Let Ri, Gi, and Bi be the red, green,
and blue component of a given pixel in the original image. We encode the pixels of the new image by Ro, Go, and Bo.
Based on results of a few experiments, we found that the following conversion most effective: Ro = max(0, (Ri — Gi ) +
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(Ri —Bi )), Go = 0, and Bo = 0. After the color segmentation step, only pixels whose original red components dominate
the other two components can have a nonzero red component in the new image most of the time.

5. Region Of Interests

Then the red pixels are grouped into separate objects, apply the Laplacian of Gaussian (LoG) edge detector to
this new image, and use the 8-connected neighborhood principle for determining what pixels constitute a connected
object. We consider any red pixels that are among the 8 immediate neighbors of another red pixel connected. After
grouping the red pixels, we screen the object based on four features to determine what objects may contain traffic signs.
These features are areas, height to width ratios, positions, and detected corners of the objects. According to the
government’s decrees for traffic sign designs, all traffic signs must have standard sizes. Using camera, which is set at a
selected resolution, to take pictures of warning signs from 100 meter apart, the captured image will occupy 5x4 pixels.
Due to this observation, we ignore objects that contain less than 40 red pixels. We choose to use this threshold because it
provided a good balance between recall and precision when we applied the Detection procedure to the training data. Two
other reasons support our ignoring these small objects. Even if the discarded objects were traffic signs, it would be very
difficult to recognize them correctly. Moreover, if they are really traffic signs that are important to our journey, they
would get closer and become bigger, and will be detected shortly. The decrees also allow us to use shapes of the bounding
boxes of the objects to filter the objects. Traffic signs have specific shapes, so heights and widths of their bounding boxes
must also have special ratios. The ratios may be distorted due to such reasons as damaged signs and viewing angles.
Nevertheless, we can still use an interval of ratios for determining whether objects contain traffic signs. Pos itions of the
objects in the captured images play a similar role as the decrees. Except driving on rolling hills, we normally see traffic
signs above a certain horizon. Due to this physical constraint and the fact that there are no rolling hills in Taiwan, we
assume that images of traffic signs must appear in a certain area in the captured image, and use this constraint for filtering
objects in images. We divide the bounding boxes of the objects into nine equal regions, and check whether we can detect
corners in selected regions. The leftmost image in Figure 3 illustrates one of these patterns by the blue checks. More
patterns are specified in the following Detection procedure. If none of the patterns is satisfied, chances are very low that
the object could contain a triangular sign. Using this principle, system detected the rightmost four signs in Figure 3.

B2

Fig. 3: Using Corners for identifying triangular borders.

Procedure Detection (Input: an image of 640x480 pixels; Output: an ROI)

Steps:
1 Color segmentation
2 Detect edges with the LoG edge detector.
3 Remove objects with less than 40 red pixels.
4 Mark the bounding boxes of the objects.
5 Remove objects whose highest red pixel locates below row 310 of the original images, setting the origin (0, 0) of the

coordinate systemto the upper-left corner.

Remove objects with height/width ratios not in the range [0.7, 1.3].

Check existence of the corners of each object.

a. Find the red pixel with the smallest row number. When there are many such pixels, choose the pixel with the
smallest column number.

b. Find the red pixels with the smallest and the largest column numbers. If there are multiple choices, choose those
with the largest row numbers.

c. Mark locations of these three pixels in the imaginary nine equal regions, setting their corresponding containing
regions by 1.

d. Remove the object if these pixels do not formany of the patterns listed aside.

For each surviving bounding box, extract the corresponding rectangular area from the original image and save it

into the RO list.

~N o

o
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Figure 4 illustrates how we detect a triangular sign with the Detection procedure. Notice that the sing in () is not exactly
upright. The tree trunks and red sign behind the sign made our algorithm unable to extract the complete red border. All
objects detected by Detection are very likely to contain a triangular traffic sign. They will be used as input to the

recognition component after the preprocessing step.

b)

. (f)

Fig. 4: Anillustration of detection steps: (a) the original image; (b) result of color segmentation; (c) result of edge
detection; (d) result of removing small objects; (e) results of filtering objects by step 7; (f) the enlargedimage of the
detected sign.

(c)

6. Preprocessing

Procedure Preprocessing (Input: an ROl object list; Output: an object list)
Steps:

For each object in the ROI list, do the following:

1. Normalize the object to the standard size 80x70.s

2. Extract the rectangle of 32x30 pixels from (25, 30).

3. Remove remaining red pixels.

4. Convert the object to a gray-level image.

As the first step of the preprocessing, we normalize all objects to the 80x70 standard size. After a simple analysis
of the 45 standard triangular signs, we found that the ideographs appear in a specific region in the normalized images. As
shown in Figure 5(a), we can extract the ideographs from a particular rectangular area in the image. We extract the
ideograph froma pre-selected area of 32x30 pixels from the normalized image. The coordinates of the upper left corner of
the extracted rectangle is (25, 30). Notice that, although we have attempted to choose the rectangular area such that it may
accommodate distorted and rotated signs, the extracted image may not include all the original ideographs all the time.
Figure 5(b) shows that the bottom of the ideograph was truncated. Similarly, the extracted area may contain noisy
information. After extracting the rectangular area that might contain the ideograph, we remove red pixels in the extract.
We use a more stringent standard for defining “red.” Let R, G, and B be the red, green, and blue component of a pixel. A
pixel is red if R>20, (RB)> 20, and (R-G)>20. After removing the red pixels, we convert the result into a gray-level image.
We adjust pixel values based on the average luminance to increase contrast of the image.We compute the YIQ values of
each pixel from its RGB values, set their gray levels to their luminance values, and compute the average gray levels of all
pixels. Let the average be a. We invert the colors of the pixels by deducting the amount of (a—100) from the gray levels of
all pixels. Then, pixels whose remaining gray levels are smaller than 70 are set to 0, and others are set to 255. However, if
using 70 as the threshold gives us less than 10 pixels with value 255 or 10 pixels with value 0, we apply another slightly
more complex method. We calculate the average gray level of the pixel values, and use this average, A, as the cutting point
for assigning pixel values in the gray-level image. Pixels whose gray levels are less than A are set to 0, and others are set
to 255. Figure 4(c) shows such a gray-level image.

a)mtb)

Fig. 5: Preprocessing Steps

(c)
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7. TRAFFIC SIGN RECOGNITION

After the preprocessing procedure, each object becomes a rectangle of 32x30 pixels. We can use these raw data
as features for recognition. In addition, we employ the discrete cosine transform (DCT) and the singular value
decomposition (SVD) procedures for extracting the invariant features of the ideographs. DCT is one of the popular
methods for decomposing a signal to a sequence of components and for coding images. We concatenate rows of a given
object, generated at step 5 in Preprocessing, into a chain, and apply the one-dimension DCT over the chain, and use the
first 105 coefficients as the feature values. We apply singular value decomposition to the matrices of the objects that are
obtained at step 4 in the Preprocessing procedure for extracting features of the objects. Let UL VT be the singular value
decomposition of the matrix that encodes a given object. We employ the diagonal values in X as the feature values of the
given object. Since the original matrix is 32x30, we obtain 30 feature values fromZX.

8. Conclusion and Future Directions

Implementation of the algorithm in test images showed that it is very effective in the sign location phase. There
is a slight weakness in the some phase, in cases of color similarity between signs and other areas of the image. It is
sensitive in light condition changes during the image acquisition, because of the effect they have in the color thresholds
used in the regions of interest segmentation step. The use of proper thresholds is very important as it affects in a great deal
the success of the sign detection and it’s final recognition. Based in the experience acquired from the tests, the aspects
which should be further researched and be improved in the future are:

Recognition of signs of more complex shape.

Recognition of two (or more) signs in the same region of interest.

Increase of the speed of the algorithm by improving the source code and again, by possible changes in its structure.
Increase of the robustness of the algorithm in light condition changes.

Merging of the rectangle and triangle-ellipse detection process.

aprwwdE
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Abstract

Image compression has become the most recent emerging trend throughout the world. Image compression is essential
where images need to be stored, transmitted or viewed quickly and efficiently. The artificial neural network is a recent tool in
image compression as it processes the data in parallel and hence requires less time and is superior over any other technique. The
reason that encourage researchers to use artificial neural networks as an image compression approach are adaptive learning, self-
organization, noise suppression, fault tolerance and optimized approximations. A survey about different methods used for
compression has been done. From the above study, recently used network is multilayer feed forward network due to its
efficiency. The choice of suitable learning algorithm is application dependent. A new approach by modifying the training
algorithm to improve the compression is proposed here. Protection of image contents is equally important as compression in
order to maintain the privacy. If any malicious modification occurs either in storage or in transmission channel, such
modifications should be identified. So authentication and protection are incorporated into the proposed system to enhance the
security.

Keywords: Jacobian, Levenberg-Marquardt, Multilayer perception, Neural network, Radial basis function.

1. Introduction

Image compression has become the most recent emerging trend throughout the world. Some of the common
advantages of image compression over the internet are reduction in time of web page uploading and downloading and lesser
storage space in terms of bandwidth. Compressed images make it possible to view more images in a shorter period of time.
Image compression is essential where images need to be stored, transmitted or viewed quickly and efficiently. Image
compression is the representation of image in a digitized form with a few bits maintenance only allowing acceptable level of
image quality. A high quality image may require 10 to 100 million bits for representation. The large data files associated with
images thus drive the need for extremely high compression ratio to make storage practical. Compression exploits the following
facts.

*  Imagery data has more redundancy than we can generally find in other types of data.
*  The human eye is very tolerant of approximation error in an image. This tolerance has to be exploited in order to produce
increased compression at the expense of image quality.

Artificial neural networks are simplified models of the biological neuron system. A neural network is a highly
interconnected network with a large number of processing elements called neurons in an architecture inspired by the brain.
Artificial neural networks are massively parallel adaptive networks which are intended to abstract and model some of the
functionality of the human nervous system in an attempt to partially capture some of its computational strengths. A neural
network can be viewed as comprising eight components which are neurons, activation state vector, signal function, pattern of
connectivity, activity aggregation rule, activation rule, learning rule and environment. They are considered as the possible
solutions to problems and for the applications where high computation rates are required. The BPNN has the simplest
architecture of ANN that has been developed for image compression but its drawback is very slow convergence.lmage
processing is a very interesting and are hot areas where day-to-day improvement is quite inexplicable and has become an
integral part of own lives. It is the analysis, manipulation, storage, and display of graphical images. Image processing is a
module primarily used to enhance the quality and appearance of black and white images. It enhances the quality of the scanned
or faxed document, by performing operations that remove imperfections. Image processing operations can be roughly divided
into three major categories, image enhancement, image restoration and image compression. Image compression techniques aim
to remove the redundancy present in data in a way, which makes image reconstruction possible. Image compression continues
to be an important subject in many areas such as communication, data storage, computation etc.The report begins with an
introduction to image compression following the need for the compression. The next section describes some of the underlying
technologies for performing the image compression follows its observation and analysis. Last section is the future scope and
conclusion.
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2. Related works

2.1 Back Propagation Neural Network [1]

The neural network is designed with three layers, one input layer, one output layer and one hidden layer. The input layer and
output layer are fully connected to the hidden layer. Compression is achieved by designing the number of neurons at the hidden
layer, less than that of neurons at both input and the output layers. Image compression is achieved by training the network in
such a way that the coupling weights scale the input vector of N-dimension into a narrow channel of K-dimension with K less
than N, at the hidden layer and produce the optimum output value which makes the quadratic error between input and output
minimum. Basic neural network used for compression is shown in Figure 1. The basic back-propagation network is further
extended to construct a hierarchical neural network by adding two more hidden layers into the existing network.
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Fig 2.1:- Back Propagation Neural Network

2.2 Hierarchical and adaptive back-propagation neural network [2]

The basic back-propagation network is further extended to construct a hierarchical neural network by adding two more
hidden layers into the existing network. All three hidden layers are fully connected. Nested training algorithm is proposed to
reduce the overall neural network training time. The neuron weights are maintained the same throughout the image
compression process. Hierarchical neural network for compression is shown in Figure 2. Adaptive schemes are based on the
principle that different neural networks are used to compress image blocks with different extent of complexity. The basic idea is
to classify the input image blocks into a few subsets with different features according to their complexity measurement. A fine
tuned neural network then compresses each subset. Prior to training, all image blocks are classified into four classes according
to their activity values which are identified as very low, low, high and very high activities. The network results in high
complexity.

OUTPUT LAYER
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| DECOMBINER |

)
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I COMBINER I
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INPUT LAYER

Fig 2.2:- Hierarchical Neural Network

2.3 Multi layer Feed Forward Artificial Neural Network [3], [4]
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The network is designed in a way such that N will be greater than Y, where N is input layer/output layer neurons and
Y is hidden layer neurons. Divide the training image into blocks. Scale each block and apply it to input layer and get the output
of output layer. Adjust the weight to minimize the difference between the output and the desired output. Repeat until the error is
small enough. The output of hidden layer is quantized and entropy coded to represent the compressed image. Two categories of
optimization algorithms are considered i.e., derivative-based and derivative-free [5]. Derivative based methods include gradient
descent, conjugate-gradient,Quasi Newton and Levenberg-Marquardt methods. Gradient descent indicates the direction to
move. The conjugate-gradient method reduces oscillatory behavior and adjusts weight according to the previously successful
path directions as it uses a direction vector which is a linear combination of past direction vectors and the current negative
gradient vector. LM and QN algorithm-based back propagation neural networks are equally efficient. Under derivative free, two
of the popular developed approaches are Genetic Algorithm (GA) and Particle Swarm Optimization (PSO).

International Journal Of Computational Engineering Research (ijceronline.com) Vol. 2 Issue. 8

2.4 Multilayer Perception [6]

Basic multilayer perception (MLP) building unit is a model of artificial neuron. This unit computes the weighted sum
of the inputs plus the threshold weight and passes this sum through the activation function usually sigmoid. In a multilayer
perception, the outputs of the units in one layer form the inputs to the next layer. The weights of the network are usually
computed by training the network using the back propagation algorithm. The basic computational unit, often referred to as a
neuron, consists of a set of synaptic weights, one for every input, plus a bias weight, a summer, and a nonlinear function
referred to as the activation function. Each unit computes the weighted sum of the inputs plus the bias weight and passes this
sum through the activation function to calculate the output value as

¥i = F(E wyx; + B;) 1)

2.5 Radial Basis Function Network [6]

Radial basis function networks are feed-forward networks. They are trained using a supervised training algorithm.
They are typically configured with a single hidden layer of units whose output function is selected from a class of functions
called basis functions. The input layer is made up of source nodes (sensory units) whose number is equal to the dimension N of
the input vector. The second layer is the hidden layer which is composed of nonlinear units that are connected directly to all of
the nodes in the input layer. Each hidden unit takes its input from all the nodes at the input layer. The hidden units contain a
basis function, which has the parameters centre and width. Observation and AnalysisThe back propagation neural network is
generally used as a basic network through which different variations of image compression schemes can be implemented with
different error functions and using overlapped blocks, which include hierarchical and adaptive back propagation neural
networks. Later came neural network based adaptive image coding which was basically developed from the mathematical
iterations for obtaining the K-L transform conventionally. To improve the compression performance, multi layer feed forward
network is used. It uses different optimization methods of which Quasi Newton is better but takes a long time. There are
different optimization techniques which can be combined with basic networks in order to improve the compression efficiency.
Survey is concluded by giving a brief idea about how the authentication and protection to be incorporated into the neural
network to enhance the security.
3. Proposed System

Two different categories for improving the compression methods and their performance have been suggested. In the
first case, conventional methods like SPIHT, vector quantization (VQ) etc., can be used with some enhancements. Secondly,
apply neural network to develop the compression scheme, so that new methods can be developed and further research
possibilities can be explored in future.In this work, image compression using multi layer neural networks has been proposed. In
the proposed system, there is a testing set consists of sub images that are not included in the training set. Levenberg-Marquardt
algorithm is used for training purpose. Image pixels are normalized before the compression process. If the learning factor == is
very large, the LM algorithm becomes the steepest decent. This parameter is automatically adjusted for all iterations in order to
secure convergence. Here, a modified version of LM algorithm is proposed that provides a similar performance, while lacks the
inconveniences of LM. It is more stable. The MSE between the target image and reconstructed image should be as small as
possible so that the quality of reconstructed image should be near to the target image. The proposed method gives high
compression ratio.

(@) One to one mapping:
For incorporating protection of the data, one to one property of the neural network can be used. If there are interactions of
two parameters, resultant should be a unique value stated as:

Ofx;,y) % 0(x:y)s v jif i @
(b) One way property:
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For authentication, the property allows to compute output from the input easily while very difficult to compute input from the
output. The input P is composed of n elements [p,, 4. ... ....p,] While the output is unique C as:

€ = f(Zfywip; + b)

It is easy to compute C from a given P, but difficult to compute P from C.

3.1 Neural Network Compression
The compression process is described below:-

1. Read image pixels and then normalize it to range [0-1].
2. Divide the image into non-overlapping blocks.
3. Rasterize the pixels and apply to the input layer.

©)

4. Compute the outputs of hidden layer units by multiplying the input vector by the weight matrix (V).

5. Store the outputs in a compressed file after renormalization.
6. If there are more image vectors go to (4).

7. Stop.
)
é READ THE INPUT /
1

DIVIDE THE IMAGE INTO
NONOVERLAPPING BLOCKS

i

I RASTERIZE I
]

I APPLY TO INPUT LAYER I—’
1

COMPUTE THE OUTPUT
OF HIDDEN LAYER

STORE IN COMPRESSED
FILE
I

Fig 3.1 Compression

The decompression process is described below:-
Take one by one vector from the compressed image.
Normalize this vector.

Return this sub image to its proper location.
Renormalize this block and store it in the reconstructed file.

If there are more vectors go to (1).

READ THE INPUT
1

TAKE ONE VECTOR FROM
COMPRESSED IMAGE

]

I COMPUTE THE OUTPUT I
I DERASTERIZE I—;
RETURN THE SUBIMAGE
TO PROPER LOCATION

4

STORE IN THE
RECONSTRUCTED FILE

NogaprwdPRE

Y

Fig 3.2 Decompression
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The outputs of output layer units by multiplying outputs of hidden layer units by the weight matrix.
Derasterize the outputs of output layer units to build the sub image.

¥
MO,
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4. Implementation
4.1 Preprocessing
The neural network requires inputs with real type and the sigmoid function of each neuron requires the input data to be
in the range [0-1]. For this reason, the image data values must be normalized. The normalization is the process of linearly
transformation of image values from the range [0-255] into another range that is appropriate for neural network requirements.
Segmentation is the process of dividing it into non overlapping blocks with equal size to simplify the learning/compressing
processes. Image rasterization is the process of converting each sub image from a two dimensional block in to a one
dimensional vector, to speed up the learning.

4.2 Neural Network Design

Multilayer feedforward network is used for compressing the images. Neural network is designed in such a way that the
numbers of input and output layer neurons are set to 64. Hidden layer neurons are set to 16. The two weight matrices are
selected to small random numbers.

4.3 Training

The input image is split up into blocks or vectors of 4X4, 8X8 or 16X16 pixels. These vectors are used as inputs to the
network. The network is provide by the expected output, and it is trained so that the coupling weights, {wij}, scale the input
vector of N -dimension into a narrow channel of Y -dimension, which is less than N, at the hidden layer and produce the
optimum output value which makes the quadratic error between output and the desired one minimum.

» Wy, =1 -«

Error evaluation

[ Jacobian matrix computation J pu=p+10

W= Wesn

wipr=wi— (FETe wd) = e,

We=Wie1  m=m+1

p=px10
restore Wy

Error evaluation

Fig 4.1 LM algorithm

The LM algorithm has got some disadvantages. If the learning factor is very large, the LM algorithm becomes the steepest
decent. This parameter is automatically adjusted for all iterations in order to secure convergence. The LM algorithm computes
the Jacobin J matrix at each iteration step and the inversion of square matrix. In the LM algorithm must be inverted for all
iterations. Hence for large size neural networks, the LM algorithm is not practical. Here, a modified version of LM algorithm is
proposed that provides a similar performance, while lacks the inconveniences of LM. A new performance index is introduced,

Flw) = Ei:l [E:z:L{dRp — Ugp }‘] (4)
where dy; is the desired value of k™ output and oy IS the actual value of k™ output and the »"" pattern is the number of the
weights, P is the number of patterns, and K is the number of network outputs. This index represents a global error, will later

lead to a significant reduction of the size of a matrix to be inverted at each iteration step [6]. The learning factor, a is modified
as 0.01 ETE, where E is a kx1 matrix. If the error is small, then actual output approaches to desired output.

The trained network is now ready to be used for image compression which, is achieved by dividing or input images into
normalization and segmentation. To decompress the image; first the compressed image is renormalized then applies it to the
output of the hidden layer and get the one vector of the hidden layer output is normalized then it rasterization to represent the
reconstruct the image.
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MSE and PSNR are the parameters which define the quality of an image reconstructed at the output layer of neural network.
a) Mean Square Error (MSE)
The MSE between the target image and reconstructed image should be as small as possible so that the quality of reconstructed
image should be near to the target image. Ideally, the mean square error should be zero for ideal decompression. The
compression ratio is defined by the ratio of the data fed to the input layer neurons to the data out from the hidden layer neurons.
In a structure 1, 016 neurons were used in the hidden layer. So it will results in the fixed 4:1 compression ratio.
b) Peak Signal to Noise ratio (PSNR)
The term peak signal-to-noise ratio (PSNR) is an expression for the ratio between the maximum possible value (power) of a
signal and the power of distorting noise that affects the quality of its representation. The PSNR computes by the following
equation;-

PSNR =10 logyy 2557/ycr ()
The compression ratio performance can be computed by,
CR=(1 — N, /N;) % 100% (6)
where n; is the input layer neurons and i; is the hidden layer neurons.

5. Conclusion

The need for effective data compression is evident in almost all applications where storage and transmission of digital
images are involved. Neural networks offer the potential for providing a novel solution to the problem of compression by its
ability to generate an internal data representation.Multilayer feed forward network is used due to its efficiency. Learning
algorithms has significant impact on the performance of neural networks, and the effects of this depend on the targeted
application. The choice of suitable learning algorithms is therefore application dependent. The performance can be increased by
modifying the training algorithm which outperforms the existing method.
Protection of image contents is equally important as compression in order to maintain the privacy. If any malicious
modification occurs either in storage or in transmission channel, such modifications should be identified. So the authentication
and protection can be incorporated into the proposed system in future by utilizing the other properties of the neural network.
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Abstract:

The effect of thermal radiation on boundary layer flow with temperature dependent viscosity and thermal
conductivity due to a stretching sheet in porous media is investigated. The Rosseland diffusion approximation is used to
describe the radiative heat flux in the energy equation. The sheet is being stretched linearly in the presence of a uniform
transverse magnetic field and the flow is governed by the second —order viscoelastic fluid. The partial differential equations
governing the flow and heat transfer characteristics are converted into ordinary differential equations by similarity
transformations and solved numerically by fourth-order Runge-Kutta shooting method. The effects of various parameters on
the velocity and temperature profiles as well as the skin-friction coefficient and Nusselt number has been shown graphically
and in tabulated form and discussed in detail.

Keywords: Heat transfer, Porous medium, Radiation, Second order fluid, Stretching sheet, Thermal Conductivity, Variable
viscosity

1. Introduction

The study of the flow and heat transfer created by a moving surface is relevant to several applications in the fields of
metallurgy and chemical engineering, poly mer processing, electro-chemistry, MHD power generators, flight magneto hydro
dynamics as well as in the field of planetary magneto spheres, aeronautics and chemical engineering. Sakiadis [1] was the
first to study the boundary layer flow due to a moving wall in fluid at rest. The study of flow over a stretching surface has
generated much interest in recent years in view of its numerous industrial applications such as extension of polymer sheets,
glass blowing, rolling and manufacturing plastic films and artificial fibers. The pioneer work on the boundary layer flows
over stationary and continuously moving surfaces was initially done by Blasius [2] and Crane [3]. Ali [4] carried out a study
for a stretching surface subject to suction or injection for uniform and variable surface temperatures. Rajgopal et al [5] ,
Dandapat and Gupta [6], Shit [7] and Reddaiah and Rao [8] extensively studied on various aspects of boundary layer flow
problems over a stretching sheet.

In cooling processes, the effect of thermal radiation is also an important factor in non-isothermal systems. Hady and
Mohamed [9] studied the MHD mixed convection with thermal radiation in laminar boundary layer flow over a semi-infinite
flat plate embedded in porous media. Mansour [10] studied the effects of radiation and forced convection on the flow over a
flat plate submersed in a porous medium of a variable viscosity. Mohammadein et .al [11] studied the effects of radiation
with both first and second-order resistance’s due to the solid matrix on some natural convection flows in fluid-saturated
porous media. The effect of thermal radiation on mixed convection from horizontal surfaces in saturated porous media was
investigated by Bakier and Gorla [12]. Prasad et al [13]) studied the radiation and mass transfer effects on unsteady MHD
free convection flow past a vertical porous plate embedded in porous medium: a numerical study. Anjali Deviand Kayalvizhi
[14] presented analytical solution of MHD flow with radiation over a stretching sheet embedded in a porous medium.

In most of the studies of this type of problems, the viscosity and thermal conductivity of the fluid were assumed to be
constant. However, it is known that the physical properties can changed sufficiently with temperature and when the effects of
variable viscosity and thermal conductivity are taken in to account, the flow characteristics are significantly changed
compared to the constant property. Hassanien et al [15] revealed that the fluid viscosity and thermal conductivity might
function of temperatures as well as the fluid is considering. Recently Sharma and Hazarika [16] studies the effects of variable
viscosity and thermal conductivity on heat and mass transfer flow along a vertical plate in the presence of a magnetic field.

Also, most of the practical situations demand for fluids that are non-Newtonian in nature which are mainly used in many
industrial and engineering applications. It is well known that a number of fluids such as molten plastic, poly meric liquid, food
stuffs etc exhibit non-Newtonian character.
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In the present work, thermal radiation effects on heat transfer of second grade fluid over a stretching sheet through
porous medium with temperature dependent viscosity and thermal conductivity is investigated. The governing equations are
transformed by using similarity transformation and the resultant dimensionless equations are solved numerically using the
Runge-Kutta fourth order method with shooting technique. The effects of various governing parameters on the velocity,
temperature, skin-friction coefficient and Nusselt number are shown in figures and tables and analyzed in detail. Numerical
results are presented for velocity and temperature profiles for different parameters of the problem.

2. Mathematical Formulation
We consider the two-dimensional laminar boundary layer flow of viscous, incompressible, electrically conducting
and radiating second grade fluid with temperature dependent viscosity and thermal conductivity past a semi-infinite

stretching sheet coinciding with the plane y =0 embedded in a uniform porous medium. A uniform magnetic field of
strength B, is applied in the direction perpendicular to the plate. The transverse applied magnetic field and magnetic

Reynolds number are assumed to be very small, so that the induced magnetic field is negligible. Keeping the origin fixed,
two equal and opposite forces are applied along the X - axis, so that the sheet is stretched with a velocity proportional to the
distance from the fixed origin. Under the above assumptions, the basic boundary layer equations governing the flow and heat
transfer of second grade fluid due to the stretching sheet are given by the following equations:

The equation of continuity:

ou ov

—+—==0

oX oy (1)

Momentum conservation:

ou ou) of eu o’u ou ou o°v  oudiu . M
Pl U—+V— |=—| u— |-k,1u StV —+— +———oBu-—u
ox oy) oy\ oy oxoy®  oy" 0oy Oxdy OX oy K )
Thermal energy conservation:
or or) of, dr ou ’ aq, oul 0 ou au
pC | U—H+V— ==\ k— |+u| — | ~————k—| |U—+V—
ox oY) oy o, oy) o oy oy\ ox oy
®)
Along with the boundary conditions,
u=U, =cx, v=0, T=T, a y=0
u=_0, v =0, T=T, a Yy->ow» @

Where U and V are the flow velocity components along x- and y- directions respectively, B, is the applied magnetic

field, 4, and K_ are the constant viscosity and constant thermal conductivity of the free stream of the fluid
respectively. T is the temperature of the fluid. 4 and K are the coefficient of variable viscosity and variable thermal

conductivity respectively of the fluid which are considered to vary as a function of temperature. Cp is the specific heat at
constant pressure and ko is the coefficient of visco-elastricity. o is the electrical conductivity. C is the constant stretching

rate. Tw and O, are the free stream temperature and density. K’ s the permeability of the porous medium. (, is the

radiation heat flux.
Flowing Laiand Kulacki [17] We assume
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—=—|1+y(T-T, or —=a(T-T, (5)
o= (o) o=a(T-T)
where a= l, and T =T, —1

M, 4

and
1 1 1
—=—|1+x(T-T, or —=¢g(T-T, (6)
LU =e-T)
where e=X and Tesz—l
Kk, K

Where @, ¢, T,, T, are constants and their values depend on the reference state and thermal properties of the fluid i.e

y and K .In general &> O for liquids and A < 0 for gases ( the viscosity and thermal conductivity of liquid/gas
usually decrease/increase with increasing temperature).

By assuming Rossenland approximation for radiation, the radiative heat flux (], is given by

40" OT*
T oy "

Where o and K are the Stefan-Bolzman constant and the mean absorption coefficient respectively. We assume that

the temperature differences within the flow are sufficiently small such that T 4 may be expressed as a linear function of the

temperature as shown in Chamakha [18]. Expanding T4 in a Taylor series about TOo and neglecting higher order terms we
obtain

T =47 °T -31° (8)
Using (7)and (8), we obtain as

o9,  160°T 2T o
oy 3K™ oy

3. Method of Solution

The mathematical analysis of the problem is simplified by introducing the following dimensionless coordinates in terms of

similarity variable 77 and the similarity function f as

u=cxf'(n),  v=—Joof(n), 77=\Ey, =11 (10)

Where prime denotes the differentiation with respect to 77 and @ is the dimensionless temperature.

Clearly the continuity equation (1) is satisfied by U and V defined in equation (10). Substituting equation (10) in
equations (2) - (3) gives the following equations

e_er "2 ” m 0, ” Q_Qr m n\2 iv e_gr _
( 7 J[(f)—ff ]+t “o-g ' +K1( - J[sz —(f") - ff }{M[ - j+K}f_0

r
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0
(4R+3ﬁ¥+3Rf€—3RE4: r j(fqz—m@Ega[r(fqz-ﬁfm}zo
0—-6
' 12)
The transformed boundary conditions are reduce to
f'(7)=1, f(n7)=0, 0(n)=1, at n=0, (13)
f'(7)—>0, ()0, 8(n)—0, as n — 0, (14)
Where prime denotes differentiation with respectto 77 only and
ke . _ 0 .
K, = is the viscoelastic parameter, M = is the magnetic parameter,
2
C U
Pr= h is the Prandtl number, EC=——"—— s the Eckert number.
k ¢, (T,-T.)
K = v . 40-*T003 . .
=7, s the porosity parameter, R= ~— Is the radiation parameter and
K'c kK
t9r is the dimensionless parameter characterizing the influence of viscosity , where
o — T, —T, _ 1 (15)

For engineering purpose, one is usually less interested in the shape of the velocity and temperature profiles then in the value
of the skin-friction, heat transfer. The expression for the local skin-friction coefficient C,; and the local Nusselt number

Nu defined by:

(16)

T, 0 ”
C, = w . :_|:9—r9r +2K1}f (0),
#..(€X) v

Nu = A
Kk /C(T -T,)
%) w [e’e}

——0'(0) )

Where

-k ) kST, -T)e(0),

v

w
y=0

3. Numerical Results and Discussion

The system of differential equations (11) and (12) governed by boundary conditions (13) and (14) are solved
numerically by applying an efficient numerical technique based on the fourth order Runge-Kutta shooting method and an
iterative method. It is experienced that the convergence of the iteration process is quite rapid. The numerical computations
have been carried out for various values of radiation parameter R, visco-elastic parameter K,, Eckert number Ec, Prandtl
number Pr, porosity parameter K, Magnetic parameter M and the dimensionless viscosity parameter 6, . In order to
illustrate the results graphically, the numerical values of dimensionless velocity f'(’?) and dimensionless temperature 0(77)

are plotted in Figures 1— 14.
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Figure 1. Variation of f'(n) with 77 for different values of R
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Figure 4. Variation of f'(77) with 77 for different values of Pr
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Figure 8. Variation of 0(77) with 77 for different values of R
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Figure 10. Variation of §(77) with 77 for different values of EC
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Figure 11. Variation of 49(77) with 77 for different values of Pr
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Figure 12. Variation of &(7) with 77 for different values of K
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Figure 14. Variation of 9(77) with 77 for different values of 0.

For various values of the radiation parameter R, the velocity profiles are plotted in Fig.1. It can be seen that as R
increases, the velocity decreases. Fig.2. shows the effect of viscoelastic parameter K1 on the velocity profiles. It is seen that

the velocity increases as the viscoelastic parameter increases. The effect of Eckart number EC on the velocity field is shown

in Fig.3. It is noticed that the velocity profiles increases with the increase of Ekcart number. The velocity profiles for

different values of Prandtl number Pr are illustrated in Fig.4. It is clear that increasing values of Pr results in increasing
velocity. . Fig.5. shows the effect of permeability parameter K on the velocity profiles. It is seen that the velocity decreases
as the permeability parameter increases. For various values of the magnetic parameter M , the velocity profiles are plotted in

Fig.6. It can be seen that as M increases, the velocity increases. The effect of dimensionless viscosity parameter 0, onthe
velocity profiles is shown in Fig.7. It is found that the velocity slightly decreases with an increase in &, . The effect of

radiation parameter R on the temperature profiles is shown in Fig.8. It is observed that the temperature increases as R
increases. Fig.9. shows the temperature profiles for different values of viscoelastic parameter K1- It is obvious that an

increase in K1 results in decreasing temperature within the boundary layer. The effect of Eckart number EC on the

temperature profiles is depicted in Fig.10. It can be seen that an increase in EC results in increase of the thermal boundary
layer. Figs 11 and 12 noticed that the dimensionless temperature 0(77) decreases with the increase of the Prandtl number Pr
and increases with the increasing values of porosity parameter K . It is interesting to note from Fig. 11 that the increase of
Prandtl number Pr means decrease of thermal conductivity. The effect of the magnetic parameter M on temperature
distribution shown in Fig. 13. From this figure we conclude that the temperature decreases with the increase of the magnetic
parameter M . It may also observed from Fig. 14 that the effect of thermal radiation is to enhance the temperature with
increase in the fluid viscosity parameter 6. . It is interesting to note that in the presence of thermal radiation, the effect of

viscosity parameter 6, causes marginal significance.

Issn 2250-3005(online) December| 2012} Page 66




International Journal Of Computational Engineering Research (ijceronline.com) Vol. 2 Issue. 8

The important characteristics in the present study are the local skin-friction coefficient Cf and the local rate of heat

transfer at the sheet (Nusselt number Nu) defined in equations in (16) and (17).

Table-1. Numerical values of the local skin-friction: C, = —C = —[9:0 + ZKJ f "(O),
"
()

R K K1 Pr 0. Ec M =0.0 M =0.2 M=04
0.5 2 1 2.7 |-10 | .05 1.074144 1.057201 1.039990
25 1.111263 1.094620 1.077719
35 1.116569 1.099968 1.083112
05 (05 (|1 2.7 | -10 | .05 0.951911 0.932854 0.913423
15 1.034942 1.017369 0.999501
2.5 1.112005 1.095630 1.079014
0.5 2 -6 2.7 |-10 | .05 -6.855943 -6.506797 -6.152434
-4 -4,131017 -3.869648 -3.603017
-2 -1.644921 -1.473744 -1.297443
0.5 2 1 15 | -10 | .05 1.101120 1.084394 1.067409
25 1.078689 1.061782 1.044609
35 1.055836 1.038748 1.021390
0.5 2 1 2.7 | -9 .05 1.088707 1.071406 1.053830
-5 1.197815 1.177733 1.157298
-2 1.486126 1.457645 1.428535
0.5 2 1 2.7 | -10 | .05 1.074144 1.057201 1.039990
0.15 | 1.064218 1.047599 1.030719
0.25 | 1.054411 1.038109 1.021553
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Table-2. Numerical values of local Nusselt number : Nu = —6"(0)

R K K1 Pr o, Ec Nu = _0'(0)
M =0.0 M =0.2 M =04
05 2 1 2.7 -10 .05 0.970627 0.971503 0.972407
25 0.809208 0.809521 0.809844
35 0.786403 0.786638 0.786882
0.5 0.5 1 2.7 -10 .05 0.977029 0.978125 0.979260
15 0.972603 0.973544 0.974515
25 0.968787 0.969606 0.970449
0.5 2 -6 2.7 -10 .05 1.003040 1.017594 1.032605
-4 1.033991 1.046184 1.058830
-2 1.061449 1.071274 1.081550
0.5 2 1 15 -10 .05 0.853002 0.853466 0.853944
25 0.950695 0.951501 0.952333
35 1.051387 1.052544 1.053736
0.5 2 1 2.7 9 .05 0.970361 0.971254 0.972175
-5 0.968634 0.969653 0.970706
2 0.966323 0.967656 0.969040
0.5 2 1 2.7 -10 .05 0.970627 0.971503 0.972407
0.15 0.959883 0.960266 0.960672
0.25 0.950152 0.950011 0.949887

Tables 1and 2 exhibit the numerical values to the local skin-friction C, and local Nusselt number Nu respectively.

It has been observed empirically that for any particular values of R, K, Pr | 9, and Ec the local skin-friction decreases
with the increase in the magnetic parameter M . The skin friction is also decreases with the increase in EC and the Prandtl
number Pr. But the reversal trend is observed in the presence of fluid viscoelasticity Kl, K', 6, and the thermal radiation

R. It is worthwhile to mention here that the rate of heat transfer decreases with the increasing values of R, K, 0, and

Ec. However , the heat transfer rate increases with the increasing values of Prandtl number Pr and the viscoelastic
parameter K, .
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4. Conclusions

In this paper a theoretical analysis has been done to study the effect of radiation on flow of Second grade fluid over
a Stretching sheet through porous medium with temperature dependent viscosity and thermal conductivity . Some conclusions
of the study are as below:

a. Velocity increases with the increase in magnetic parameter M , Eckart number Ec, Prandtl number Pr and
viscoelastic parameter Kl.

b. Velocity decreases when radiation parameter R , viscosity parameter Qr and porosity parameter K increases.
Skin friction decreases when magnetic field parameter M , EC and Prandtl number Pr increases.
Skin friction increases when radiation parameter R, visco elastic parameter K, and viscosity parameter 0,
increases.

e. Temperature increases when radiation parameter R is increased. But temperature decreases when Prandtl number

Pr and visco elastic parameter K, increases.
f.  Nusselt number increases when Prandtl number Pr and visco elastic parameter Kl increases.
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Abstract

With rapid development of medical information technology, Electronic Health Record(EHR)
provide basis for various health services.This paper presents Decision Support System(DSS) for patient
care with help of EHR. This paper tells how this DSS can be helpful for both doctor and patient.To check the
effectiveness of this DSS a small survey was done.From results of the survey it is evident that quality of
healthcare delivery can be improved by using this DSS.The investigation revealed that it prevent
handwritten prescription risk.allow quick access during emergencies & can ako be helpful for patient in
remote area where doctor is not available.By this means,we provide our consumers an overall scene of
the patient’s personal history,personal health status & future care plans. This paper tells how DSS for patient
care is helful for making better decisions by doctor i.e. by spending less time in management and more
with patients & by patient i.e. with application of ”Six in one module” function in system.

Keyword- Decision Support System ,Electronic Health Record

1. Introduction

The major problems confronting clinics and many hospitals are increasing population, management of large
amount of medical records, medical errors & uneasy access of healthcare information.This directly effect patient care &
health.To sort such problems can be time consuming if done manually that’s why demand for quality and safe health
care decision support system softwares are increasing.

With a rapid development of medical informationization,more

Healthcare

\;«t‘/‘\’\“/

IV

Fig. 1. Health record storage systems

and more eyes are attracted to the EHR [1].An Electronic

Health Record(EHR) is basically a patient record that resides in a computer system specifically designed to
support healthcare providers by providing accessibility to patient data, medical alerts,reminders,clinical decision
support systems, links to medical knowledge,for observations and other aids.Use of Medical Information
Technology in Healthcare ,especially Electronic health record, can potentially improve and maintain healthcare. A
Decision Support System(DSS) is a computer program application that anatomize data and presents it so that users
can make decision more easily.lt is an informational application.A Decision Support may present information
graphically and may include an expert system or artificial intelligence. Healthcare extends beyond one person, in one
department, in one building,in one sector.lt is an active process that requires communication, collaboration, and
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decision making across care providers and care setting.An EHR as DSS for patient care offer solutions that break
down barriers to help you to solve business problems,improve patient safety, strengthen the revenue cycle,help in
decision making and enable technology to improve patient care.Also it aimed at satisfying the requirement of
Community Health Centre(CHC) and solving the problem of lacking mobility.This paper therefore studies the
working process of end users and tries to uncover the real nature of medical work by introducing relevance of EHR.

2. Decision Support System For Patient Care

Health
care

— Health
Rehabilitation education

patient personal
information
—
:: EHR as S Family
Prevention DSS planning

guidance

Medical
treatment

Fig. 2. Healthcare scenario

The Six in One is the emphasis of CHS, including Pre- vention,Medical treatment, Rehabilitation,Health
care,Health education and Family Planning guidance.The six functions are not dividedbut a comprehensive service
combining with all functions in the module of Six in One.We had embedded the Six in One function in the
EHR system as DSS.This EHR system could provide the corresponding to the differ- ent individual resident
health,so as to be more individua- tion.Like for sudden illness the EHR as DSS, because of the portability and
mobility,could collect and record health information.Time could be saved by this.lt is also helpful for chronic and
non-communicable disease in remote areas by providing diagnosis, treatment and medical alert.Health Education(
including family planning guidance) is considered as the main contents of CHS.Then the health protection knowledge
could be pervaded. The EHR is defined and divided into 4 categories i.e.Institutional EHR,Shared EHR,Personal EHR
and Population EHR.The successful deployment of ap- propriate EHR requires both functional and semantic interop-
erability and security and privacy protection with applications of relevant standards HL7 CDA[3],Clinical Decision
Sup- port Systems,Evidence- Based Medicine, Individual- Based Medicine.The application of international Health
Informatics standards is essential for a successful EHR development. The content of an EHR consist of
administrative and clin- ical data.The content should be comprehensive and expres- sive,addressing all aspects of
healthcare process for all re- lated disciplines and authorities.The administrative content in- cludes patients
name,record number, food preferences,smoking and alcohol consumption [2].The clinical content includes
symptoms,drugs prescribed,observations and lab reports. The availability of information is the expected value of an
EHR as DSS that is agreed upon by all end users.Our project EHR as DSS is completely patient-centric.lt keeps
medical information safe and secure.It helps to make better decisions.It allows you to spend less time in management
and more time with patients.It can cause reduction in chaos in hospitals or clinics during peak hours.It let you get a
specialist and colleagues opinion.It prevent handwritten prescription risk.It allow quick access and response during
emergencies.It can alert you to potential adverse drug reactions.It will provide you information confirmed from specialist
even if you are present in remote area where there is no doctor. For example when an individual goes to see a doctor
for a specific condition or care, a medical record is constructed containing information such as personal and social
history,a physical notes made by doctor, consultations,lab or image results from other health care providers and so
forth.In our application information typed into such an electronic medical record; paperless records that contain health
care and medical information just as paper medical records,but take up such less space and are available in electronic
formats,which makes them accessible via palm pilots,desktop application,web application etc. that connect doctors
office,hospitals and clinics. Unanimously, EHR as DSS is a platform and technology independent standard.It reduces
paper work.It facilitate better patient care. It reduces labour and time.It gives you flexibility as it can be implemented
using a variety of software technologies to suit your information needs.
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3. Methodology

The Electronic Health Record(EHR) as DSS for patient care is the keystone of a medical information
system.In India,the IT adoption in Healthcare is estimated to be only twenty percent and EHR adoption in government
healthcare facilities is very slow but the private sector is aggressive in their plans.To gain insight into the
functioning of healthcare centers with respect to use of information technology and their effectiveness in health
care delivery, a survey was done.Thirty(possible) end users of DSS for patient care were interviewed about their
process and the expected value of EHR.The interviews took in 5 different hospitals.Beside medical specialists other
medical staff & patients was also interviewed.Questions was based on patient load,medical record formats,hospital
infrastructure,daily routines and staffing information.Responses were tabulated and were used to depict results and
draw inferences.Factors which end users find relevant for an EHR as DSS are Availability of information,Less
administrative work, Analyses,Uniformity of working processes, Reliability,Quality of care,Collaboration with
colleagues, Time,& Just being a good doctor.The availability of information is the expected value of an EHRas DSS
for patient care that is agreed upon by all end users.

Also during survey large amount of medical information

==
- = g EL CEME AR e WS
n - - 20 34 3 H
[ vital Signs Records |

Fig. 3. Patient’s Health-Record Management

collected.EHR as DSS for patient care can be helpful for doctor i.e. by recording patient health status as well as
for patient in remote areas or not in condition to visit to any clinic i.e. tells various possibilities of
communicable or non-communicable diseases [6] & also various internal or external injuries from symptoms which
user will choose from given options.From patient point of view EHR as DSS for patient care is helful for all five
categories:Newborn baby; child;teen;adult;senior[5].It can contain lab tests results which can tell the current status of
patient.For example diabetic patient test his/her blood sugar from diabetic tester and then can check his/her level from
lab results.It includes best diet charts for different categories.Due to portability and security java language can be
chosen to make this system more effective and successful.From Doctor point of view it can keep all medical
records safe and secure and allow quick access during emergencies[4].

4. Feasibility Result

Feasibility studies aim to objectively and rationally uncover the strengths and weaknesses of an existing
business or proposed venture,opportunities and threats as presented by the environment,the resources required to
carry through, and ultimately the prospects for success.In its simplest terms, the two criteria to judge feasibility are cost
required and value to be attained. Today,healthcare organizations still heavily depend on paper-based medical
that are the least secure form of health records,whether in hands of a patient or a medical provider. Paper
is easily misplaced,lost,intercepted and read by unauthorized parties[7].In the digital era,Electronic Health Records
are replacing paper based records.Use of Information Technology in healthcare, especially electronic health
records,can potentially improve healthcare.Our project EHR as DSS for patient care is completely patient-centric.It
keeps medical information safe and secure.lt helps tomake better decisions.lt allows you to spend less
time in management and more time with patients.It can cause reduction in chaos in hospitals or clinics during peak
hours.It let you get a specialist and colleagues opinion.It prevent handwritten prescription risk.It allow quick access and
response during emergencies.lt can alert you to potential adverse drug reactions. It will provide you information
confirmed from specialist even if you are present in remote area where there is no doctorAlso with help of EHR
as DSS healthcare awareness of patient increases,demographic information will be available for planning better health
care delivery and reduces risk of loosing research work on certain observations[8]. Unanimously,EHR as DSS is a
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platform and technology independent standard.lt reduces paper work & uses cost effective approaches. It facilitate
better patient care.lt reduces labour and time.It gives you flexibility as it can be implemented using a variety of
software technologies to suit your information needs.The availability of information is the expected value of an EHR
as DSS that s agreed upon by all end users i.e. early prevention is the foundation of digital health care system for
community health service.

5. Conclusions & Discussions

In this paper we discuss how decision support system is useful for both doctor and patient.First we
represent this DSS as patient-centric system.Then we further divided into two modules i.e. first from patient point
of view & second from doctor point of viewFirst one based on decisions made by patients by clicking on
symptoms of their disease.Then from graphical decision support system, various preventive measures are provided
& even in case of emergencies contact number of specialist is also provided.Basically first module is based on content
manage ment.Second one represent all kinds of EHR data as clinical acts under unified structure.This provide some
fundamental visualisation forms for each kind of EHR data.This depicts overall situation of patient.It just not only
help the clinicians in their daily work but also useful during emergencies. Clincians & Patients told us that it
was very usefuland helpul for them to view overall health status of any particular patient.However they
still have many more requirements[1].They need an integrated viewer which provide more information and more
flexible visualization.Also the need artificial intelligence approach instead of graphical approach in content
manage ment.We will make more detailed analysis of all clinical acts and on neural and finger-print systems and
design more visualization forms to satisy these new requirements in the future[9].
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Abstract:

In this paper we focus on the OFDM Kernel which refers to the inverse fast Fourier transform and cyclic
prefix insertion blocks in the downlink flow and the FFT and cyclic prefix removal blocks in the uplink flow. To
support orthogonal frequendjvision nultiple access (OFDMA) an extension to the OFDM kernel is required that
allows each user to be allocated with a portion of the available carriers. This process is referresiiio as
channelization The WiMAX building blocks include bilevel, OFDMA symbollevel, and digital intermediate
frequency processing blocks. For -lavel processing, Altera provides symbol mapping/demapping reference
designs and support for forward error correction using the -R&a@dmon and Viterbi MegaCore® functiornkhe
OFDMA symboHlevel processing blocks include reference designs that demonstrate subchannelization and
desubchannelization with cyclic prefix insertion supported by the fast Fourier transform, and inverse fast Fourier
transform MegaCore functions. Other OFDMA symbavel reference designs illustrate ranging, channel
estimation, and channel equalization. The digital IF processing blocks include single antenna and multiantenna
digital up converter and digital down converter reference designs, and advancddatoeseduction and digital
predistortion

Keywords: inverse fast Fourier transform (IFFT), orthogonal frequedisision multiple access (OFDMA),
intermediate frequency (IF), forward error correction (FEC), digital up converter (DUC), digital down converter
(DDC), crestfactor reduction (CFR), digital predistortion (DPIWIMAX (Worldwide Interoperability for
Microwave Accesp

1. Introduction

The Altera® orthogonal frequency division multiplexing (OFDM) kernel can be used to accelerate the
development of wireless OFDM transceivers such as those required for the deployment of mobile broadband
wireless networks based on thEEE 802.16standard. OFDM is an of the key physical layer components
associated with mobile worldwide interoperability for microwave access (WiMAX) and is widely regarded as an
enabling technology for future broadband wireless protocols including the 3GPP and 3GPP2 long term evolution
standards.

The OFDM kernel has the following key features:

e Support for 128, 512, 1K, and 2K FFT sizes to address variable bandwidths from 1.25 to 20 MHz
e Parameterizable design
e Optimized for efficient use of Cyclone Il, Stratix Il, and Stratix 11l devicsorgces

2. Introduction to WIMAX

WIMAX (Worldwide Interoperability for Microwave Accesss a wireless communications standard
designed to provide 30 to 40 megaét-second data rates, with the 2011 update providing up to 1 Gbit/s for fixed
stations. WiMAX refers to interoperable implementations oflEteE 802.16amily of wirelessnetworks standards
ratified by the WIMAX Forum. Similarly,Wi-Fi, refers to interoperable implementations of tB&E 802.11
Wireless LAN standards certified by tiéi-Fi Alliance. WiMAX Forum certification allows vendors to sell fixed or
mobile products as WiIMAX certified, thus ensuring a level of interoperability with other certified products, as long
as they fit the same profile.
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