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ASIC Based Design of High Speed Parallel MAC
Based On Radix-4 & Radix-8 Booth Encoding
Reni Kurian, Riboy Cheriyan
Abstract— Real time signal processing applications are increasingly demanded now a day, which are used for multimedia, communication
etc. . . . Speed is the major factor for the above application. Parallel MAC is an important element in digital signal processing, because they
determine the execution time of the system, i.e. they have the highest delay among basic operational blocks. So in order to improve the
speed of the system delay of MAC has to be decreased. This MAC provides high speed in multiplication and multiplication with
accumulative addition than general MAC. This paper presents a parallel MAC based on radix-4 & radix-8 booth encodings. In this Paper,
several methods to improve the speed of Parallel MAC has been checked, as a result Kogge Stone Ling Adder has been used instead of
ordinary CLA to improve the speed.
Index Terms— Carry save adder (CSA) tree, Digital signal processing (DSP), Kogge Stone Ling Adder, Multiplier and- Accumulator(MAC),
Radix-4 Booth Encoding, Radix-8 Booth Encoding

——————————  ——————————

1 INTRODUCTION

T

HE multiplier and multiplier and accumulator (MAC) is
an important element of signal processing. When a system
is considered the longest delay will be provided by the multiplier. The main parts for a multiplier using Booth algorithm
have a Booth encoder, a Wallace tree and a final adder. The
most effective way to increase the speed of a multiplier is to
reduce the number of the partial products because multiplication precedes a series of additions for the partial products[1],[2] To reduce the number of calculation steps for the
partial products, modified Booth algorithm (MBA) has been
applied mostly where Wallace tree has taken the role of increasing the speed to add the partial products. In parallel
MAC in order to improve the performance compared to serial
MAC, multiplication and accumulation is combined and device a hybrid type of carry save adder (CSA). Since the accumulator that has the largest delay in MAC was merged into
CSA, thus overall performance was elevated. The CSA tree
uses 1’s-complement-based radix-4 & radix-8 modified Booth’s
algorithm (MBA). The CSA generates the least significant bits
in advance to decrease the number of the input bits of the final
adder. Also, the parallel MAC accumulates the intermediate
results in the type of sum and carry bits instead of the output
of the final adder.

2 GENERAL MAC STRUCTURE
In this, we discuss basic MAC operation. Basically, multiplier
operation can be divided into three operational steps. The first
one is booth encoding to generate the partial products. The
second one is adder array or partial product compression and
the last one is final addition in which final multiplication result is produced. If the multiplication process is extended to
accumulate the multiplied result, then MAC consists of four
steps. General hardware architecture for MAC is shown in
fig1. It executes the multiplication operation by multiplying
input multiplier X and input multiplicand Y. After that current
multiplication result is added to the previous multiplication
result Z as accumulation step [1],[2].

.
.

Fig. 1. Hardware architecture of general MAC.
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lated instead of the outputs from the final adder in the manner
that the sum and carry from the CSA in the previous cycle are
inputted to CSA. Due to this feedback of both sum and carry,
the number of inputs to CSA increases, compared to general
MAC.

Fig. 2. Basic arithmetic steps for multiplication and accumulation

If N bit data are multiplied, the number of the generated partial products is proportional to N. In order to add them serially, the execution time is also proportional to N. The architecture of a multiplier, which is the fastest, uses Modified Booth
encoding that generates partial products and a Wallace tree
based on CSA as the adder array to add the partial products. If
radix-4 Booth encoding is used, the number of partial products, i.e., the inputs to the Wallace tree, is reduced to half, resulting in the decrease in CSA tree step. In addition, the
signed multiplication based on 2’s complement numbers is
also possible. Due to these reasons, most current used multipliers adopt the Booth encoding[6]-[8].

Fig. 3. Arithmetic steps for parallel multiplication and accumulation

3.PARALLEL MAC ARCHITECTURE
In this section the derivation of parallel MAC and its architecture is explained

3.1 MAC Architecture
:
If an operation to multiply two N-bit numbers and accumulate into a 2N-bit number is considered, the critical path is determined by the 2N -bit accumulation operation. If a pipeline
scheme is applied for each step in the standard design of Fig.
2, the delay of the last accumulator must be reduced in order
to improve the performance of the MAC. The overall performance of the parallel MAC is improved by eliminating the
accumulator itself by combining it with the CSA function. If
the accumulator has been eliminated, the critical path is then
determined by the final adder in the multiplier. The basic
method to improve the performance of the final adder is to
decrease the number of input bits. In order to reduce this
number of input bits, the multiple partial products are compressed into a sum and a carry by CSA. The number of bits of
sums and carries to be transferred to the final adder is reduced
by adding the lower bits of sums and carries in advance within the range in which the overall performance will not be degraded. In addition, to increase the output rate when pipelining is applied, the sums and carrys from the CSA are accumu-

Fig. 4. Hardware architecture of parallel MAC

3.2 Proposed CSA Architecture:
The architecture of the hybrid-type CSA that complies with
the operation of the proposed MAC is shown in Fig. 5, Fig 6
which performs 8* 8-bit operation. Si is to simplify the sign
expansion and Ni is to compensate 1’s complement number
into 2’s complement number. S[i] and C[i] correspond to the ith
bit of the feedback sum and carry. Z[i] is the i th bit of the sum
of the lower bits for each partial product that were added in
advance and Z’[i]is the previous result. In addition, P i[j] corresponds to the ith bit of the j th partial product. Proposed CSA
consists of full adders, half adders and carry look ahead adders as shown in Fig 5 and Fig 6. In this, series of CLA adders
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are used to generate the lower 8-bits of the final result. The
white square in Fig 5 and Fig 6 represents an FA and the black
square is a half adder (HA). The rectangular symbol with five
inputs is a 2-bit CLA with a carry input. The rectangular symbol with seven inputs is a 3-bit CLA with a carry input.

4. FINAL ADDER
Final adders are digital circuits that compute the addition of
variable binary strings of equivalent or different size. Two
types of adder are used for the addition of upper sum and
carry bits. These are CLA and Kogge. Traditional CLA is constructed by XOR, AND, and OR gates Stone Ling Adder. They
are similar to CLA, main change is that instead of propagating
carry a pseudo carry has been propagated. Generation of
pseudo carry is faster than carry, so propagation delay of ling
adder is less than CLA[9]-[12].

Fig. 7. Kogge Stone Ling Adder
Fig. 5. CSA architecture for 8-bit MAC based on radix-4 booth
encoder

Where white box represent bit generate and propagate, black
box represent ling generate and propagate, black circles represent group generate and propagate, and diamond shape represent sum generation part and white circles represent dumpy
cells

5. EXPERIMENTAL RESULT
The 8×8 bit parallel MAC based on both the booth encodings
(i.e. Radix-4 booth encoding and Radix-8 booth encoding) is
designed in VHDL using Modelsim 10.1b and the functionalities of the algorithms are verified by Leonardo Spectrum LS
2009 a-6
Table1.
Comparison result of 8 bit MAC

MAC
4
CLA

Fig. 6. CSA architecture for 8-bit MAC based on radix-8 booth
encoder
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6. CONCLUSION
An 8x8 multiplier-accumulator (MAC) is presented in this
work. A Radix 4and Radix8 Modified Booth multiplier circuit
is used for MAC architecture. Compared to other circuits, the
Booth multiplier has the highest operational speed and less
hardware count. Parallel MAC based on Radix-4 and Radix-8
is high speed MAC compared to general MAC. By using Radix-4 the number of partial product get reduced to N/2 for N
bit and by Radix-8 the number of partial product get reduced
to (N+1/3). In this for Radix 4 the number of partial product is
four and for Radix 8 it is three. So the CSA array for Radix-8 is
smaller than Radix-4. But the encoder for Radix-4 is simpler
than Radix-8, so the total performance of Radix-4 is better than
Radix-8. In this project an eight bit Kogge stone ling adder has
been used as the final adder instead of Carry Look Ahead adder. By using this number of gates gets increased to a small
percentage by the time delay gets reduced, i.e. speed get increased.
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Abstract — Topology optimization is a tool for finding a domain in which material is placed that optimizes a certain
objective function subject to constraints. Here topology optimization is attempted on an interstage structure of a heavy
launch capability launcher being developed by ISRO. Based on static analysis as well as functional requirements,
optimization response and constraints were proposed. Topology optimization method based on density approach is
currently employed for the structure with multiple load cases and multiple constraints. Constraints on uniformity of the
reaction force are also considered in this model. Finally, based on the reaction forces, a displacement and stress
constraint, an optimal layout of the structure is presented. The softwares used are the preprocessor HyperMesh,
optimization tool OPTISTRUCT and HyperView which are parts of the software suite HyperWorks from Altair
Engineering.
Keywords- Topology, launcher, Interstage structure, optimization, constraint etc
I.

INTRODUCTION

In launch vehicle structures design, the primary requirements are lightweight, meeting the strength and stiffness
requirements, high load bearing capacity and ease of fabrication [2]. When designing launch vehicle, it’s all about
finding the optimal proportion of the weight of the vehicle and payload. It needs to be strong and stiff enough to
withstand the exceptional circumstances in which it has to operate. This demands very accurate design and analysis of
structural elements for launch vehicle. Compressively loaded cylindrical structures are widely used in launch vehicles as
inter stages. To improve the load carrying capability, inter stage structures are stiffened with stringers and bulkheads. In
conventional launch vehicles, thrust from strap on boosters are transferred at the bottom, and thus the inter stages are
subjected to nearly uniform compressive loads since they are located away from thrust transfer locations. There are
various types of construction methods which are used for designing launch vehicle structural elements. They are
Monocoque, Semi –monocoque, Skin stiffened, Integral stiffened construction etc [1]. These methods are formulated for
structures subjected to uniform loads.
In advanced launch vehicles, thrust is transferred at two points which are diametrically opposite and hence the effect of
concentrated load transfer in inter stage structures need to be studied. Concentrated axial and radial loads are act on the
thrust transfer location where the strap on boosters is joined to the core vehicle. In such cases, above methods are not
applicable since the load is transmitted to a given section of the structure. Therefore, some measures should be taken in
the structural design to diffuse the concentrated force. In order to optimize the structure for diffusing the concentrated
force, the topology optimization method is adopted. This will help to make the structure light as well as stiff by
maximum uniformity in load distribution at the interfaces of the designed interstage structure and obtain an optimal
stiffness pattern.
Topology Optimization is a mathematical method that optimizes material layout within a given design space, for a given
set of loads, boundary conditions and constraints with the goal of maximizing the performance of the system. If the
topology of the initial design model is not optimal, the result after shape optimization using this initial topology is only
the “optimal design” under this non-optimal topology. Therefore topology optimization, which helps designer to find the
optimal topology of the structure, has been a very active research field. Here topology optimization is attempted on an
interstage structure of a heavy launch capability launcher being developed by ISRO.
II.

RELATED WORKS

Structural optimization is used to recover an optimal solution to a design problem. Three types of structural
optimization are the size, shape and topology [3]. Topology optimization has become an effective tool for low weight
and performance design, particularly in aeronautics and aerospace engineering. Advances in topology optimization
techniques applied in the design of aeronautical and aerospace structures are the design of layout of standard materials
for cellular structures, multi-component frame design for aerospace structure systems [4] etc.
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III.

DESCRIPTION OF STRUCTURE

The interstage is an inevitable structure for a multistage launch vehicle, which connect two successive stages in launch
vehicles. It’s a cylindrical structure and its height is so chosen to accommodate the dome profile of propellant tanks with
which it interfaces and also to accommodate the nozzle of the upper stage. An interstage structure may be designed as a
single structure or designed as an assembly of two or three structures – Lower, Middle and Upper interstages. The
structure considered for the current study is upper interstage.
The Upper Interstage consists of:
1.
2.
3.
4.

Aft end ring
Fore end ring
Bulk head (4#)
Thrust blocks

: Interfaces with the lower interstage
: Interfaces with upper separation truss members
: Provides required radial stiffness to the structure
: To receive thrust from strapon boosters

Figure 1. Interstage Structure with upperstage tank
Configuration of Model
Interstage Structure is located in between two stages of the launch vehicle. It is a cylindrical structure having a diameter
of 4000mm and a height of 4000mm. The structure is constructed using aluminium alloy AA 2014 for which the material
properties are given below.
Material
Al Alloy

Table 1. Structural Properties of Aluminium Alloy
Young’s Modulus E
Poisson’s Ratio
(N/mm2)
72000

IV.

0.33

Density
(Kg/m3)
2700

METHOD OF OPTIMIZATION

The goal of topology optimization is to find the best use of material for a structure such that the objective criteria take out
a maximum or minimum value subject to given constraints. The first step in setting up the optimization parameters was
dividing the Interstage structure into the design space to be optimized and the non-design space to be kept regardless of
its structural contribution as shown in 0. FE ring, AE ring, Bulkhead, Thrustblock and a sheet of 1.5mm thickness as
outer cover are non design elements and based on functional constraints, size of these elements are finalized.

Figure 2. FE Model showing design and non design space
@IJAERD-2017, All rights Reserved
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Loads and Boundary conditions
There are different types of loads on the structure. These are: Strapons loads (T1 and T2) acting on the thrust block,
Compressive load (Fy) at fore end, shear force (Fz) and Bending Moment (Mx) at top flange of the upperstage tank. The
bottom end of the structure is fully clamped and all 6 dof are constrained.
Load Cases

1
2

Table 2. Load Cases
Compressive
Shear Force (kN)
Load (kN)
Fy
Fz
-1500
1000
239

Strapon loads (kN)
T1
400
160

T2
4000
1450

Bending Moment
(kNm)
Mx
3100

Optimization Parameters
Parameters defined during Topology Optimization Setup are: Objective function, Design Variables & Design
Constraints.
Design variable
: Density
Design Responses
: mass, displacement & reaction force
Objective function
: To minimize mass
Constraints
:
i.
Radial Displacement of FE ring should be less than 20mm (Functional constraint based on stage system
specification)
ii.
There should be maximum uniformity of reaction forces at aft end.
iii.
Stresses should be within allowable limits (With a factor of safety of 1.15 & UTS of 460 MPa, allowable stress
= 400 MPa)
Allowable deflection and stress constraints were applied in OptiStruct. Minimum thickness of 2mm was also one of the
criterion. Under these objective and constraints, Topology optimization is employed for the interstage structure.
V.

RESULTS AND DISCUSSIONS

The topology optimization result using material distribution method is a “density distribution” of the finite elements in
the design domain.
Density plot for the model is obtained after topology optimization run. These density values help in finding the redundant
locations so as to remove the unnecessary material. The design variable in this method is the material density of each
element. The design variable may vary between 0 and 1. Intermediate density is usually penalized to force the design
variables to approach 0 or 1. If the material density of an element is close to 0 at the end of topology optimization, the
element does not exist in the optimal topology. On the other hand, if the material density of an element is close to 1 at the
end of topology optimization, the element exists in the optimal topology.

Figure 3. Component with uniform density
0 shows structure with uniform density material. Optistruct take this geometry as initial iteration. Optistruct identifies
stress distribution pattern throughout the structure and remove the material from that region in successive iterations based
@IJAERD-2017, All rights Reserved
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upon set of objectives and constraints. This material removal is given by varying density of each element from 0 to 1.
Density pattern after solution convergence is shown in 0.

Figure 4. Optimization Result
In 0, a region with lower density indicates that it can be removed without hampering safety of component. The results of
each optimization were viewed in Altair HyperView, which displays a contour or iso-map of element densities at each
iteration of optimization. OSSmooth was used to extract the geometry of the optimized results at or below the entered
element density threshold.
Convergence Histories of Optimization
Convergence histories of optimization process of mass are shown in Fig. 5 and Fig. 6,coverged results at 45th iteration.
The initial mass of upper interstage structure is 3498 kg, which includes design space as well as non-design space. After
optimization, interstage mass is reduced to 1988 kg.
Mass of design space (interstage)

= 2210 kg

Mass of non-design space (interstage)

= 1288 kg

Mass of nondesign space (other interface structures) = 1002 kg
Total mass of FE model (including lower Interstage, upper stage tank and separation trusses) =4500 kg
Mass of Optimized geometry

=3050 kg

Mass of design space after optimization

= 760 kg, which is 65% of original mass.

Hence total mass of interstage structure after optimization is 1288+760 = 2048 kg. Considering 10% additional mass due
to fasteners and joints, expected structure mass is 2250 kg
Mass of existing design of the structure is 2800 kg, which indicates that the current optimization has resulted in a mass
saving of 550 kg, which is 20% of the existing mass.

Figure 5. .Convergence History of mass of design space
@IJAERD-2017, All rights Reserved
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Figure 6. Convergence History of total mass
Convergence of displacement is shown in Fig. 7. Displacement is converged towards 45th iteration corresponding to
optimized mass. Final displacement is 11.2 mm, against constraint of < 20 mm, which indicates that the displacement
constraint has not played a major role in the final optimized geometry. This is due to high radial stiffness of the
optimized structure.

Figure 7. Convergence History of Displacement
Convergence history of Reaction force at two representative nodes is as shown in Fig. 8. Initial reaction at node 1 (which
represents the max. reaction location) is 80 kN, which is reduced to 72.5 kN towards the end of optimization. It can also
be seen that reaction force at other location (node2) increases from 45 kN to 50 kN towards the end of optimization. This
indicates that as optimization progress, force distribution results in reduction of peak force.

Figure 8. Convergence History of Reaction Forces
VI.

CONCLUSION

Topology optimization technique is used to obtain a most favourable shape of the outer shell of an interstage
structure subjected to concentrated loads. The study shows a considerable reduction in the weight of the structure
compared to existing design. The final optimum design reduced the weight of the structure by 65% when compared to the
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baseline design while satisfying all required loading scenarios. It is 20% lower compared to existing design with skin and
stringer. This can help in increasing the payload capacity of the launch vehicle.
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Abstract
Nonvolatile processor can hold its state when the power is off. The major drawback of the nonvolatile processor is the excess area occupied by the nonvolatile registers in it. Contrasted with consistent CMOS flip-flop, the ferro electric nonvolatile flip-flop takes a vast area
because of its hybrid structure. Later nonvolatile processor with floating gate transistor was developed. But this structure also has a
drawback that it occupies 40% of memory area. In this paper, Parallel Compare and Compress (PaCC) design architecture is utilized to
reduce the area of the nonvolatile registers in the non-volatile processors. The fundamental blocks in PaCC design are PaCC encoder,
PaCC decoder, volatile registers, nonvolatile registers and nonvolatile flip flop controllers. The PaCC encoder and the PaCC decoder are
the works that are mainly focused in this paper. The PaCC design utilizes Run length encoder (RLE) technique. Run length encoder
(RLE) is a simple technique used for compressing data. Here runs of data’s are stored as a single data value and as count. The PaCC decoder decodes the outputs from the PaCC encoder, thus the original input data can be obtained. The results shows that this design architecture can reduce the number of nonvolatile registers by 70%-80%, thereby reducing the overall area. The design was modeled using
VHDL in Xilinx ISE Design Suite 14.5 and simulated using Modelsim 6.5b.
Keywords: Run Length Encoder; PACC Encoder; Parallel Compare and Compress Architecture; Non-Volatile Registers; VHDL; Xilinx ISE 14.5;
Modalism 6.5b.

1. Introduction
With the rising memory advances, nonvolatile processors are getting increasingly consideration. Contrasted and the volatile processors, the nonvolatile processors are fabricated with nonvolatile
registers and have the accompanying favorable circumstances: I)
zero-standby power: the processor can hold its state when not
controlled, while the conventional ones experience the ill effects
of the expanding spillage energy to keep information; II) moment
on and off: the processor can continue its work inside a few cycles
from the slowed down point, while the customary one needs a
huge number of instating cycles; III) high flexibility to control
disappointments: the processor can work dependably under the
situations with recurrence control intrudes, for example, vitality
collecting and remote fueled applications; IV) fine-grained control
administration: the processor can be closed down at whatever
point conceivable because of the ultra-low vitality and quick recouping qualities.
Ferroelectric arbitrary access memory (FeRAM) is an ease nonvolatile memory innovation manufactured with two extra veils to a
standard CMOS innovation [5], which has been broadly utilized as
a part of minimal effort and low power applications. These flipflops are utilized as a part of a conveyed form and can keep up
framework states with no power supply inconclusively. A productive controller is utilized to accomplish parallel peruses and keeps
in touch with the flip-flops. A reconfigurable voltage location
framework is intended for the programmed framework reinforcement amid control failures.The information exchange between an

unstable processor and optional NV stockpiling cause repetition
after some time .The PaCC engineering to diminish the quantity of
the bits to be put away in the NVFFs, and henceforth the number
and zone of NV registers. The design embraces a contrast and
pack technique with enhance the pressure proportion. A pressure
codec in view of a parallel run length encoding is utilized. A territory proficient two-arrange moving system is intended to limit the
codecs zone, which lessens the region of the first barrel moving
system. A configurable state table structure in PaCC to store the
reference vectors utilized for examination. For particular application to figure the reference vector determination issue as an improvement issue and create heuristic calculations to fathom it.

2. Theory
Compression is an approach to lessen the quantity of bits in an
edge however holding its importance .It diminishes space, time to
transmit, and cost. It is a strategy to recognize repetition and to
dispose of it. Information pressure is the craft of decreasing the
quantity of bits expected to store or transmit information. At the
point when information pressure is utilized as a part of an information transmission application, speed is the essential objective.
Speed of transmission relies on the quantity of bits sent, the time
required for the encoder to produce the coded message and the
time required for the decoder to recoup the first outfit. In an information stockpiling application, the level of pressure is the essential concern .Various lossless information pressure calculations
have been proposed and utilized. A portion of the fundamental

Copyright © 2018 Kusumam Joseph et. al. This is an open access article distributed under the Creative Commons Attribution License, which
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systems being used are the Huffman Coding, Run Length Encoding, Arithmetic Encoding and Dictionary Based Encoding.
Lossless information pressure is only the orginal information can
be recreated precisely from packed information. Lossless pressure
is for the most part utilized for applications that can't endure any
distinction between the first and remade information. Content
pressure is a vital region for lossless pressure. In lossless techniques, unique information and the information after pressure and
decompression are precisely the same. Repetitive information is
expelled in pressure and included amid decompression.
Lossy information pressure in which information after pressure
and decompression are precisely the same. Lossy information
pressure in which information after pressure and after that decompression recovers a document that isn't precisely as the orginal
information as there will be loss of information. These strategies
are less expensive, less time and space.

3. methodology
Fig. 2: Pacc Encoder.

3.1. PACC architecture
1)

2)
3)

4)

5)

Fig. 1: Pacc Architecture.

The PaCC engineering comprises of volatile registers which stores
the present framework state V, a state table, a pressure codec (separated into a PaCC encoder and a PaCC decoder), and a little arrangement of NV registers. The state table is utilized to store Vref ;
the pressure codec is utilized to make transformation amongst V diff
and Vcdiff ; and the correlation is finished by the bitwise XORs. In
spite of the fact that the unpredictable registers, the state table, and
pressure codec may build the territory, the critical lessening in the
quantity of NV registers prompts a considerably littler general
chip region. Pacc encoder in the Pacc engineering is the work that
is for the most part engaged.

3.2. Block diagram
The fundamental square graph for the Parallel think about and
pack encoder is as appeared in figure 2. Piece outline comprise of
information end moving system, yield end moving system, Run
Length Encoder, All 0/1 indicator square and length control. Two
phase moving system comprise of Fixed N bit moving system and
2N bit barrel shifter. Settled N bit moving system is utilized to just
move the contribution by N .This shifter is to a great degree territory effective and no multiplexor is required. The settled moving
system is utilized to refresh the rest of the piece of the unstable
registers. A Barrel shifter is an advanced circuit that can move an
information word by a predefined number of bits in a single clock
cycle .It can be executed as a grouping of multiplexers and in such
a usage the yield of one mux is associated with the contribution of
the following multiplexer .The information to be packed is moved
by the barrel shifter.

Input-End Shifting System It shifts n-bit differential vector,
Vdiff from the unstable registers to the RLE encoding module. The n-bit yield is the moved an incentive for refreshing
the unpredictable registers.
Output-End Shifting Network The yield end moving system
moves the m-bit pressure results to the NV registers.
All 0/1 Detector The every one of the 0/1 locator square executes k-bit parallel perception and produce a sidestep flag
to the RLE encoder and length controller
Length Controller The length controller gives the moving
length to the info end moving system as indicated by the
sidestep motion and Observation window width k.
Run Length Encoder the RLE encoder packs the k-bit input
serially when the sidestep flag is incapacitated, generally
sidesteps the k-bit input. The arrangement of the pressure
result depends on the limit, Lth. Once the RLE encoder
achieves the pressure, it sends the q-bit packed section. Run
length encoding is a simple, surely understood information
pressure technique utilized as a part of various application,
for example, information exchange or productive picture
putting away. The yield of a run length encoder is an arrangement of runs. Run-length encoding (RLE) is an extremely basic type of information pressure in which keeps
running of information are put away as a solitary information esteem and tally, as opposed to as the first run.

3.3. Two phase shifting network
Two phase moving system comprise of Fixed N bit moving system and 2N bit barrel shifter.

Fig. 3: Two Stage Shifting Network.

Fixed N Bit Moving System
Settled N bit moving system is utilized to just move the contribution by N. This shifter is to a great degree zone productive and no
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multiplexor is required. The settled moving system is utilized to
refresh the rest of the piece of the unpredictable registers.
2N Bit Barrel Shifter
A Barrel shifter is an advanced circuit that can move an information word by a predefined number of bits in a single clock cycle. It can be actualized as a grouping of multiplexers and in such
a usage the yield of one mux is associated with the contribution of
the following mux. The information to be packed is moved by the
barrel shifter

3.4. Data compression and decompression utilizing run
length encoding (RLE)
Run-Length Encoding (RLE) is made particularly for information
with strings of rehashed images. For instance, if we somehow
happened to pack the string AAAABBBAACCCBBBB we would
get the compacted string 4A3B2A3C4B. Here one can see that the
string of 15 bytes can be communicated as a string of 10 bytes.
The fundamental favorable position of RLE is that it performs
lossless information pressure in which the original information can
be consummately recreated from the packed information.
Run length encoding has a shortcoming of its unwavering quality
on the idea of the info information. At times, it can even give a
bigger compacted string than the original. For instance if the info
string is ABDBAC, the compacted string would be
1A1B1D1B1A1C, which is twice as huge as the original. RLE is
similarly exceptionally effective in a contrary situation. In the
event that the information is fundamentally the same as then the
pressure rate is superior to different algorithms. As an illustration
if the information string is AAAAAAAAAA, the compacted information would be 10A, which is one fifth the measure of the
original gate.

891

Fig. 5: N Bit Barrel Shifting Network.

A Barrel shifter is an advanced circuit that can move an information word by a predefined number of bits in a single clock cycle. It can be actualized as a succession of multiplexers and in
such a usage the yield of one multiplexer is associated with the
contribution of the following multiplexer Let the 12 bit input information is
D_In = 101011110000, moving length,shift_by = 011 at that point
yield y=000101011110

4.2 Simulation result of PACC encoder
Run Length Encoding is a basic type of information compression
technique. Same information esteem happens in numerous back to
back information components are put away as a solitary information esteem and check. PaCC Encoder comprise of information
(input) end moving system, yield (output) end moving system ,run
length encoder,length control and every one of the 0/1 locator. Let
the 12 bit input information is given as information data_in =
101011110000, after run length encoding and data compression
the output will be, data_out = 101000000000.

4. Results and discussion
The modules are displayed utilizing VHDL in Xilinx ISE Design
Suite 14.5 and the reproduction of the plan is performed utilizing
Modelsim SE 6.5b to check the usefulness of the outline. Here a
basic model is utilized for the coding purpose.The parallel compare and compress encoder comprise of moving Networks,Run
Length Encoder ,All 0/1 finder and length control. Coding for
input end moving Network, yield end moving system and Run
Length Encoder is finished. PACC Encoder depends on Threshold
based parallel RLE calculation. At that point the entire piece of
PACC encoder was simulated.

4.1 Simulation result
Fixed N bit moving system is utilized to just move the contribution by N.This shifter is to a great degree of area efficient and no
multiplexor is required. Let the 12 bit input information is

Fig. 6: PACC Encoder.

4.3. Simulation result of PACC decoder
Non volatile processors are produced with nonvolatile registers
.Parallel compare and compress design is utilized to reduce the
region of nonvolatile registers. PaCC decoder depends on parallel
RLE calculation. PaCC decoder comprise of information end
moving system, yield end moving system ,run length decoder,
length control and every one of the 0/1 locator.PaCC decoder
decodes the output from PaCC encoder, so that the original data is
obtained. Let the 12 bit information be data_e = 101000000000,
which is the output of PaCC encoder. Now the PaCC decoder
decodes the input and the output will be , data_d = 101011110000.

a=10101111000, moving control length = 1000 at that point yield
y=000010101111

Fig. 7: PACC Decoder.

5. Conclusion
Fig. 4: Fixed N Bit Shifting Network.

Parallel contrast and pack design is utilized with diminish overabundance region of non unstable processors. Nonvolatile processors are fabricated with nonvolatile registers. A novel PaCC codec
and a reconfigurable state table were presented and the relating
heuristics were produced to enhance reference vector determina-
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tion. PaCC design is utilized to decrease the quantity of the bit to
be put away in the nonvolatile flip-flops. Pressure codec in light of
a parallel run length encoding plan is utilized. A territory productive two stage moving system is intended to limit the codec region. Half breed nonvolatile flip flops prompt huge zone increment since they contain nonvolatile capacity other than standard
flipflops. The nonvolatile stockpiling, for example, ferroelectric
capacitors, attractive passage intersections or drifting entryway
transistors more often than not involves a vast zone. While self
controlled inserted framework use on chip ferro electric arbitrary
access memory to counteract information misfortune amid influence disappointments. With the help of PaCC decoder we can
decode the encoders output, thereby getting the original input data.
By utilizing PaCC design in nonvolatile processors, it might decrease area overhead and increment the speed.This framework can
be extended by replacing 12 bit RLE encoder by 32 bit RLE encoder and a comparative study on the area of both these encoders
have to be done.
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Effect of Lightweight Aggregate on the Flexural
Behaviour of Self Compacting Concrete
Anand DEV BGa, Jayasree Sb
Abstract—Self-Compacting Concrete (SCC) is a flowing concrete mixture that is able to consolidate under its own weight. Density of all
types of concrete depends on the coarse aggregate present in it. Concerns about the depletion of Natural Coarse Aggregate (NCA) and
increase in self-weight of building with height, have led to the adoption of several alternatives, like lightweight Coarse aggregates (LCA). In
this research work, a study was conducted to replace NCA by fly ash based LCA in SCC based on target compressive strength. An
experimental investigation on flexural behaviour of SCC specimens having M50 grade for different percentage (25, 50, 75 and 100%)
variation of NCA using LCA was carried out. The results were then compared with the control specimens (SCC containing NCA only).

Index Terms—Flexural behaviour, Lightweight aggregate, Self-compacting concrete, Self weight, Natural Coarse aggregate
————————————————————

1 INTRODUCTION

S

elf-compacting concrete is described as the most revolutionary development in concrete construction. It is a special
type of concrete which is able to flow under its own weight
completely filling formwork and achieving full compaction,
even in the presence of congested reinforcement without vibrations. The degree and quality of compaction is one of the
prime factor which affects the quality of the concrete. Use of
normal concrete in situations where reinforced concrete elements contain heavy and congested reinforcement requiresadequate number of skilled labours. The gradual reduction in
the number of skilled workers these days has led to reduction
in the quality of construction work. One solution for the
achievement of concrete structures independent of the quality
of construction work is the employment of self-compacting
concrete [1]. The advantages of SCC make this concrete more
desirable all over the world which includes faster construction, reduces manpower, better finishes, easier placement, better durability, thinner concrete sections, lesser noise levels, no
vibration, safer working environment etc[2]. The Concept of
SCC originates from Japan in 1980s and the early developed
Super Plasticizers were the main reason which made it possible to flow and self consolidate. The use of SCC is rising steadily over the years because of their advantages and many
scientists and organizations carried out research on properties
of SCC. [3]

Lightweight Aggregates (LAs) are materials used in concrete
to make it lighter. They are an excellent substitute to natural
aggregates. The use of LAs in concrete can be traced to as early
as 3000 BC, when the famous towns of Mohenjo-Daro and Harappa were built during the Indus Valley civilization. In some
places, like Malaysia, palm oil shells are used for making
lightweight aggregate concrete [5]. LAs are classified into two
groups namely, natural lightweight aggregates and artificial
lightweight aggregates Earlier LAs were of natural origin. These
have been used both as fine and coarse aggregates. Natural aggregates are not found in many places and they are also not of
uniform quality. Natural LAs include diatomite, pumice, volcanic slag, volcanic ash and tuff. Out of which pumice is the
only one which is used rather widely. With the increasing demand and the non-availability of natural LAs worldwide, techniques have been developed to produce them in factories. These
are produced from the natural raw materials like expanded
clay, shale, slate, etc., as well as from industrial by-products
such as fly ash, bed ash, blast furnace slag, etc. The properties of
the aggregates depend upon the raw materials and the process
used for producing them. They include sintered fly ash, Brick
bats, Foamed slag, Bloated Clay and Expanded Perlite[6].
In this research work the flexural behaviour of beams made
of NCA, partially (25,50 and 75%) as well as fully replaced LCA
was studied under two point loading in a Universal Testing
Machine (UTM) of 1000kN capacity.

IJSER

Apart from this, another major issue faced by the construction industry regarding reinforced concrete production is the
unavailability of adequate natural aggregate required to meet
the demand and the increase in self weight of the structure
with height [4]. An alternative to the natural aggregate has been
a topic of concern for several years and the use of lightweight
aggregate has emerged as an effective option.
_________________________
a. M-Tech Scholar, Dept. of Civil Engineering, Mar Baselios
College of Engg. and Technology, Trivandrum, Kerala, India
Ph. 8301097995
b. Assistant Professor,Dept. of Civil Engineering, Mar Baselios
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2 MATERIALS USED
Portland Pozzolana Cement, Natural Coarse Aggregate
(NCA) of maximum size 12.5 mm, fly ash based Lightweight
Coarse Aggregate (LCA) of maximum size 12.5 mm, manufactured sand passing through sieve of size 4.75 mm and confirming to zone II of IS 383-1970 (reaffirmed 2002) as fine aggregates (FA) were used [7],[8]. Silica fume was used as mineral admixture and Hyperplast XR-W40 was used for the work
as super plasticizer. A comparison between the material properties of FA, NCA and LCA is shown in Table 1.
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3.2 FLEXURAL BEHAVIOUR
TABLE 1
PROPERTIES OF AGGREGATES

Properties
Fineness
Modulus

Results
LCA

FA
2.900

NCA

6.585

Conforming
to IS specification

Sieve analysis

Conforming
to IS specification

3.2.1 Specimen Details

6.446
Conforming
to IS specification

Bulk Density
(g/cc)
Loose Bulk
density(g/cc)

1.789

1.079

1.593

1.594

0.865

1.454

Void ratio

0.373

0.725

0.795

Porosity (%)
Specific
Gravity
Water Absorption (%)

27.2

42.02

44.275

2.458

1.86

2.859

1.622

16.830

0.548

The beams were designed as under reinforced section[10]. For
studying the flexural behaviour beams of size 100x 150x 1000
mm was cast for 0, 25, 50, 75 and 100% replacement of NCA
with LCA ( 3 beams each). The reinforcement consists of two
numbers of 10 mm diameter bars at the tension face and two
numbers 8 mm diameter bars at the compression face. Two
legged 6 mm stirrups were used at a spacing of 90 mm center
to center. Fig.1 shows the geometry and reinforcement detailing of SCC beams. After 24 hours of casting, the specimens
were demoulded and kept immersed in water for 28 days.

Fig.1 Specimen Detailing

Mix Designation
NA100SCC

IJSER

Mix Details
Normal Self –compacting concrete
(control mix)

NA75SCC

75% NCA and 25 % LCA

NA50SCC

50% NCA and 50 % LCA

NA25SCC

25% NCA and 75 % LCA

NA0SCC

100 % LCA

3.2.2 Testing

All the beams were tested under two point loading in an UTM
of capacity 1000kN. Three LVDTs were provided at mid span
and at tension and compression reinforcement level for measuring deflection and strains as shown in Fig. 2. Two dial
gauges were provided at support spans for measuring the deflection at supports. The readings on the dial gauges and
LVDTs were noted down for a load increment of 2.5kN. The
values obtained from the LVDT at mid span was used to plot
the load deflection curve and strain values are used for the
moment curvature plot. . The value of moment is given by
Eqn.1. and the curvature was obtained from Eqn. 2[11].

3 EXPERIMENTAL PROGRAMME
3.1Mix Design
Nan et al. method of mix design was adopted in this work [9].
In order to attain the target strength the contents of cement,
silica fume, super plasticizer, water powder ratio etc. were
varied in each trail. A total of five different SCC mixes were
used in this study. The mix designation and the details are
shown in Table 2. The trail mixes that were adopted for all the
five mixes i.e. for 0 to 100% replacement of NCA by LCA at an
increment of 25% was based on target compressive strength.
After attaining the required mix for each percentage replacement of NCA with LCA, the fresh properties of SCC like V
funnel, L box and U box were carried out for the selected mixes.
Table 2
MIX DESIGNATION AND DETAILS

Fig. 2 Test Setup
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𝑀𝑀 = 𝑃𝑃𝑃𝑃/6

(1)

4.RESULTS AND DISCUSSION
4.1 Mix Proportion

Where,
M
= Moment at mid span
P
= Applied load
l
= Span of the beam between the supports

ϕ= (Є s +Є c )/d"
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(2)

Where,
𝜙𝜙
=Curvature
Єs = Tension steel strain
Єc = compression steel strain
d” = Gauge length between points where
measured.

strains are

On the basis of Nan et al. method of mix design, many trials
were conducted to find a mix which gives the required target
strength for all the percentage replacement of NCA with LCA.
After the mix was prepared, the slump flow was found out
and only those mixes which satisfied the EFNARC criteria of
slump flow were considered for the target strength. The mix
was finalized on the basis slump flow and 28 days of compressive strength. Table 3 shows the mix proportion of the selected
mixes for each percentage replacement. It was found that, the
strength of the mix increases by decreasing the water-binder
(w/b) ratio and increasing the super plasticizer (SP) content.
Once the target strength for the control mix was achieved,
then the cement content was kept constant. When LCA were
added to make SCC, the strength was found to be decreasing.
This may be due to the high porous nature of LCA. In order to
attain the target strength for each percentage replacement, the
silica

Table 3
TRAIL MIXES

Designation

Cement
(kg/m3)

IJSER
FA
(kg/m3)

Slump
(mm)

Compressive
Strength(MPa)

NCA
(kg/m3)

LCA
(kg/m3)

SF
(%)

SP
(%)

Water
(kg/m3)

1008.21

751.93

--

5.0

1.30

157.78

685

26.67

28th
day
39.11

1008.21

751.93

--

5.0

1.50

157.92

700

26.67

39.11

1008.21

751.93

--

5.0

1.50

159.21

705

26.22

37.78

1008.21

751.93

--

7.5

1.50

156.72

695

29.55

41.21

1008.21

751.93

--

5.0

1.60

157.00

710

31.24

45.67

7th day

NA100SCC1

460

NA100SCC2

470

NA100SCC3

480

NA100SCC4

480

NA100SCC5

500

NA100SCC6

510

953.21

802.05

--

5.0

1.50

153.51

703

42.67

57.01

NA75SCC1

510

953.21

601.54

111.91

5.0

1.50

153.51

715

38.11

52.06

NA75SCC2

510

953.21

601.54

111.91

5.0

1.60

145.86

705.5

43.55

56.89

NA50SCC1

510

953.21

401.03

223.82

5.0

1.60

144.83

695

35.15

48.64

NA50SCC2

510

953.21

401.03

223.82

6.0

1.65

142.29

707

42.22

56.15

NA25SCC1

510

953.21

200.51

335.41

6.0

1.65

141.12

695

32.56

44.67

NA25SCC2

510

953.21

200.51

335.41

6.5

1.70

139.23

710

42.22

55.86

NA0SCC1

510

953.21

--

487.21

6.5

1.60

139.12

695

31.56

42.65

NA0SCC2

510

953.21

--

487.21

7.0

1.60

138.44

690

35.69

47.36

NA0SCC3

510

1008.21

--

447.21

7.0

1.60

135.36

695

37.65

49.65

NA0SCC4

510

1008.21

--

447.21

7.0

1.70

134.64

712

42.64

55.21

IJSER © 2016
http://www.ijser.org

International Journal of Scientific & Engineering Research, Volume 7, Issue 10, October-2016
ISSN 2229-5518

fume, super plasticizer and water powder ratio were varied.
The fresh properties of the selected mixes for each percentage
replacement of NCA with LCA is shown in Table 4. From the
test results it was found that, the selected mixes shows all
properties of SCC as per EFNARC guidelines and it was not
affected due to the implementation of LCA as replacement of
NCA. Fresh properties such as slump flow and T50cm slump
flow was found to improve, which indicates that SCC mix containing LCA had better flowability may be due to the round
shape of LCA. All other fresh properties were almost similar.
L box test value was less than 0.8 for all the mixes.The unit
weight of different percentage replacments are shown in table
5.
Table 4
FRESH PROPERTIES TEST RESULTS

Sl
no.
1
2

3
4

5
6

Fresh
property
test
Slump
Flow
T 50
cm
slump flow
test
V- funnel
test
V- Funnel
test at
T 5min
Lbox
test(H 2 /H 1 )
U- box test
(H 2 – H 1 )

Typical
range
min max
650 700

Unit
mm
sec

sec
sec

----

NA100SCC
703

19

The unit weight of SCC decreased as the percentage replacement of LCA increased with the mix containing 100% LCA
having the least value of unit weight. The unit weight can be
reduced to a maximum of 20% for complete replacement of
NCA by LCA.

4.2 Behaviour of SCC Beam
4.2.1Crack Pattern
Fig. 3 shows the crack pattern for all the reinforced SCC
beams. Cracks were not observed at the beginning of the test.
After some time, flexural cracks were initiated at the bending
zone. As the load increased, the existing cracks started to
propagate and new cracks were also developed. At the ultimate stage most of the cracks travelled up to the top of the
beam.
Test results

NA75CCC
705.5

NA50SCC
707

NA25SCC
710

IJSER

mm

NA0SCC
712

2

5

4.50

4.40

4.40

4.30

4.20

8

12

12.00

13.30

11.50

13.00

12.20

0

+3

+3.00

+3.30

+3.70

+3.70

+3.00

0.8

1

0.82

0.83

0.83

0.88

0.92

0

30

30.50

30.40

30.25

29.3

29.00

Table 5
UNIT WEIGHT RESULTS

Percentage
Replacement
(%)

Unit
Weight
(kN/mm )

0

25.30

----

25

23.41

7.47

50

22.52

10.98

75

21.33

15.70

100

20.21

20.10

3

Percentage
Reduction in
Unit
Weight(%)
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Fig. 5 Load Deflection Curve
4.2.4 First Crack Load, Yield Load and Ultimate Load

Fig.3 Crack Pattern
Even though the number and size of the cracks are different,
for all the specimens the mode of failure and crack pattern
were similar. All the cracks were of flexural type and no shear
cracks were observed. As the percentage replacement increased, wider cracks were noticed, the number of cracks also
increased.
4.2.2 Crack Propogation
During testing, the crack widths were measured using a
crack detection microscope of 50x magnification. At each loading, crack width of major cracks were noted. Fig. 4 shows the
crack propagation graph of all the mixes. The maximum crack
width value was observed for the mix containing LCA only
which was 1.48 mm and the minimum was observed for the
control mix.
100

load (kN)

75

The yield load for all the beams were found to be in the
same range. The ultimate load was found experimentally. The
results are shown in Table 6. It can be seen that the first crack,
yield and ultimate load for mixes containing LCA were comparable with the control mix. As the percentage of lightweight
aggregate increased the ultimate load decreased. Similar decrease was noted for first crack load as well as the yield load.
The minimum ultimate load value was observed as 79kN for
the mix containing LCA only, which was 7% less than the control
mix.
Mix
First crack
Yield
Ultimate
Table 6
FIRS
T
CRACK
, YIELD
AND
ULTIMATE
LOAD

NA75SCC
NA50SCC

25

load
(kN)

load

load (kN)

(kN)

NA100SCC

26.5

70.23

85

NA75SCC

22

69.85

83.5

NA50SCC

20

68.14

82.5

NA25SCC

18

66.58

80

NA0SCC

17.5

65.34

79

IJSER
NA100SCC

50

20

NA25SCC
NA0SCC

0
0

0.4

0.8

1.2

1.6

Crack width (mm)

Fi

g. 4 Crack Propagation of Beams

4.2.3 Load Deflection Behaviour
Fig. 5 shows the load deflection curve for all the mixes. The
load deflection curve was linear up to the first crack load for
all the specimens. Further application of load makes the curve
deviate from linearity. Further with a slight increase in load,
the steel was found to yield and the curve becomes flat till the
ultimate load was reached. The load deflection plots for partial
and complete replacement of NCA with LCA showed similar
pattern when compared with the control specimen.
100
75

4.2.5 Energy Absorbtion Capacity, Stiffness and Toughness
The area under the load deflection plot gave the value of
Energy Absorption Capacity (EAC). Due to the limitations in
the experimental setup, the load deflection graph could be
plotted only up to 80 % of the peak load, in the descending
portion of the curve. Stiffness of the beam was estimated by
the slope of the initial linear portion of the load deflection
curve. The ratio of area of the load deflection curve till 80% of
the ultimate load to the area of the load deflection curve till
the initial crack load gave the toughness value [12]. Table
7shows the EAC, stiffness and toughness value of all the mix-

load (kN)

NA100SCC
NA75SCC

50

Mix

NA50SCC

25

4

8

Deflection (mm)

12

Stiffness

(kNmm)

(kN/mm)

Toughness

NA25SCC

NA100SCC

783.895

60.48

36.33

NA0SCC

NA75SCC

793.31

54.95

37.07

NA50SCC

830.64

48.69

38.58

NA25SCC

868.09

45.77

39.33

NA0SCC

909.17

41.89

40.14

0
0

EAC

16
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Specimen

Displacement

Curvature

Ductility

Ductility

5.
Absolute

Absolute

NA100SCC

2.1

4.1

NA75SCC

2.16

4.77

NA50SCC

2.23

4.86

NA25SCC

2.27

4.95

NA0SCC

2.31

5.08
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CONCLUSION

Following are the conclusions drawn from the study.
•
From the target compressive strength and fresh properties test results it can be said that replacement of NCA with
LCA is possible in SCC.
•
The addition of LCA reduced the unit weight of SCC.
The unit weight decreased by 7.5, 11, 15 and 20% respectively
for 25 to 100% replacement of NCA with LCA at an increment
of 25%.

es. From the table it can be seen that as the LCA percent increased, the EAC and toughness increased, but the stiffness
decreased. The maximum EAC and toughness was observed
for NA0SCC.
Table 7
EAC, STIFFNESS AND TOUGHNESS OF BEAMS

•
All the beam specimens failed in bending. The crack
pattern developed were similar to each other. The crack width
propagation plot also showed similar trend with the control
mix having the smallest crack width.
•
The Energy Absorption Capacity (EAC) and toughness improved as the percentage replacement increased, while
the stiffness decreased. The toughness value increased from
36.33 to 40.13 for complete replacement.

IJSER

4.2.6 Moment Curvature Relation

The moment curvature can be said to have three stages.
First stage is till cracking, second stage till yielding of tension
steel and the third stage to limit of useful strain in concrete.
The curve is linear up to first crack moment. Further when the
moment increases, the curve shifts from linearity. When the
moment reaches yield moment, the curves become flat. When
steel yields, a large increase in curvature occurs with a small
change in moment. The moment curvature plot for the beams
are shown in Fig. 5.
Fig. 5 Moment Curvature comparison
4.2.7 Ductility Index
Displacement ductility was calculated as the ratio of the
displacement at ultimate load to the displacement at yield
load. The large increase in curvature, before collapse of the
beam is an indication of ductile failure of beam. Curvature
ductility was calculated as the ratio of curvature at ultimate
load to that of curvature at yield load [12]. The ductility index
of beams are shown in Table 8.
Table8
DUCTILITY INDEX OF BEAMS

Moment (kNm)

16
12

NA100SCC
NA75SCC

8

NA50SCC
NA25SCC

4

•
The maximum value of ultimate load was observed
for the control mix .The ultimate load decreased by 1.76, 2.9,
5.3 and 7% respectively for corresponding 25, 50, 75 and 100%
replacement of NCA with LCA. Similar trends were noticed
for first crack load and yield load. The yield load for the mixes
ranged between 70.23 kN to 65.34 kN with the control mix
having the largest value.
•
Both displacement ductility as well as curvature ductility improved as the percentage
replacement increased,
which shows that LCA has better ductility property when
compared with NCA.
From these inferences it can be concluded that lightweight
aggregates are a good substitute to natural coarse aggregates
and 100% replacement of NCA by LCA is possible with the
help of admixtures.

6.
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ABSTRACT
India produces more than five lakh engineers every year but very few of them are employed, the rest are unemployed. The
present study is mainly focusing on engineering graduates in Kerala. In Kerala, every year more than 35,000 students pass
out with engineering qualification but the question is how many of them are employed? Since career opportunities are less in
Kerala they migrate to distant places in search of greener pastures. To solve the unemployment issue among graduates, the
only solution is self-employment. Hence, it is important to know the self-employment intentions of engineering graduates. In
the present study EAO model is used to understand the engineering graduate attitudes toward entrepreneurship and their
relationship with self-employment intentions. A survey approach was adopted in the study .The sample size taken for the
study was 300 students from different engineering colleges in Kerala on the basis of convenience. The results show that
personal control and self-esteem have significant and positive relationships with self-employment intention. Meanwhile
achievement and innovation were found to have no significant relationship with self-employment intention. These findings
provide important insight to promote and produce a positive image of entrepreneurship as a career.
Keywords: EAO model, self-employment intention, Engineering graduates, Kerala.
Corresponding Author’s Email Address: j.johney@gmail.com

INTRODUCTION
Entrepreneurship has played an important role in economic prosperity and social stability in many
developed countries. Today India as developing country is faced with massive challenges of high levels of
unemployment among the youth, especially engineering graduates, due to lack of work experience, low skills
base and education dangers (National employment report, 2011). The formal labour market in India is currently
saturated, unable to absorb the ever increasing number of labour force. India produces more than five lakh
engineers annually, but only 17.45% is employed. An economy with a large percentage of unemployed qualified
candidates is not only inefficient, but socially dangerous (National employment report, 2011).
The present study is focused on engineering graduates in Kerala. With Kerala’s 120 engineering colleges
producing more than 35000 engineering graduates every year, poses various questions like how many of them
are getting employment and how many of them stay back in Kerala .Since career opportunities are less in Kerala
they migrate to distant places in search of greener pastures .The only solution for generating employment is
entrepreneurship and now government in Kerala understands this truth. Hence Kerala government is taking
number of initiatives like the start-up villages in different parts of the state and making budgetary provisions in
its annual budget for encouraging young entrepreneurs. But the question is do the engineering graduates have
self employment intention or not?
Many studies have been conducted to investigate the characteristics of entrepreneurs (J. M. Crant 1996;
E.J.Douglas and D.A.Shepherd 2002; S.Thrikawala 2011). Robinson et al. (1991) commented that most of the
previous studies on entrepreneur heavily emphasized on personality and demographic approaches. But these
approaches have some limitations that make them inappropriate to measure the entrepreneurs’ characteristics.
The work of Robinson et al. (1991) was one of the first to incorporate an attitudinal approach to predict
entrepreneurial activity. An advantage of using an attitudinal approach is that it can be more domain-specific,
which increases the correlation with actual behavior and reduces unexplained variability. Attitudes tend to
change across time and situations through an interactive process with the environment, and once a person’s
attitude has been measured, a prediction can be made about the person’s future actions (Carlson, 1985).
Robinson et al. (1991) have developed Entrepreneurial Attitude Orientation (EAO) scale which is tested to be
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high in validity and reliability. In the present study EAO model is used to understand the engineering graduate
attitudes toward entrepreneurship and their relationship with self-employment intentions.
LITERATURE REVIEW
Self-employment intention has been defined as the intention to start a new business (H. Zhao, G. E.
Hills, and S. Seibert 2005), the intention to own a business (J. M. Crant 1996), or the intention to be selfemployed (E. J. Douglas and D. A. Shepherd2002). This career choice is not in favour of young graduates who
observe entrepreneurship as their second or even last choice of employability (S. Thrikawala2011). The
individual decision to choose an entrepreneur as a career is sometimes assumed to depend on personality traits.
Theory of Planned Behavior I. Ajzen. (June 1, 2013) has become the most popular used theoretical framework in
past studies of entrepreneurial intention. According to the Theory of Planned Behavior (TPB), human action is
guided by three kinds of considerations: beliefs about the likely outcomes of the behaviour and the evaluations of
these outcomes (behavioural beliefs), beliefs about the normative expectations of others and motivation to
comply with these expectations (normative beliefs), and beliefs about the presence of factors that may facilitate
or impede performance of the behaviour and the perceived power of these factors (control beliefs) I. Ajzen.
(2013). Behavioural beliefs produce a favourable or unfavourable attitude toward the behaviour, normative
beliefs result in perceived social pressure or subjective norm, and control beliefs give rise to perceived
behavioural control. Attitude toward the behaviour, subjective norm, and perception of behavioural control
determine intention. The more favourable the attitude and subjective norm, and the greater the perceived control,
the stronger should be the person’s intention to perform the behaviour.
There are many discussions on entrepreneurship intention around the world which focus on attitude
toward the behaviour in an attempt to differentiate between entrepreneurs and non-entrepreneurs. However, there
are no studies being conducted in Kerala among engineering graduates self-employment intentions. Thus, it is
the aim of this research to shed some new insights to the current entrepreneurship literature about selfemployment intention of engineering graduates of Kerala. Z. M. Zain, A. M. Akram, and K. E. Ghani (2010) did
a survey among business students and found out that there was a significant relationship between personal traits
factor or attitude toward the behaviour and the self-employment intention. However, they examine this personal
traits factor in general as the way an individual thinks and behaves without focusing on achievement in business,
innovation in business, perceived personal control of business outcomes, and perceived self-esteem in business
(EAO model).
M. N. Mohd Shariff and M. B. Saud (2009) did a research using the EAO model on final year
business management undergraduates. Their result show that there is a significance difference between
undergraduates minored in entrepreneurship courses and non-entrepreneur undergraduates in terms of selfesteem and personal control, with the mean for the entrepreneur undergraduates group being higher in personal
control. Hence, there is no significance difference in terms of innovation and achievement. F. T. Xue, K. T.
Yoon, and C. L. Liang (2011) who did a survey on universities students from two public universities and two
private universities claimed that there was a positive significant relationship between the need for achievement
and entrepreneurial intentions of students to start a business. However, the moderate relationship between the
need for achievement and entrepreneurial intention shows there is a variation on level of need for achievement.
The findings of M. N. Mohd Shariff and M. B. Saud (2009) are also quite contradicted with what have been
found by J. Koe Hwee Nga and G. Shamuganathan (2010).
J. Koe Hwee Nga and G. Shamuganathan (2010) who did a survey on college and undergraduates
from private higher educational institutions using the “Big Five” personality measure (Big Five model) found out
that personality traits such as agreeableness, openness and conscientiousness generally gave a positive influence
on social entrepreneurship dimensions. The items under openness and conscientiousness are quite similar with
innovation and achievement items in the EAO model respectively. The study found that openness exerted
significant positive influence on financial returns and social vision whereas conscientiousness was found to exert
a positive influence on sustainability and financial returns. In addition, K. Jusoff, M. Ismail, S. A. Khalid, M.
Othman, N. A. Rahman, K. M. Kassim, and R. Shekh Zain,(2009) also did a survey using the “Big Five”
personality measure on undergraduates in institution of higher learning agreed that entrepreneurial intention was
positively correlated with openness but not conscientiousness. N. Ismail, N. Jaffar, S. Khan, and T. S. Leng,
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(2012) did a survey on undergraduates in three private universities agreed that there was no significant effect of
need for achievement towards entrepreneurial intention besides internal control. They claimed that both
independent variables may be affected by other variables. According to K. Jusoff, M. Ismail, S. A. Khalid, M.
Othman, N. A. Rahman, K. M. Kassim, and R. Shekh Zain, (2009) conscientiousness was associated with
diligence, organization and persistence which suit to self employment but at the same time it also suit in a larger
organization whereas open individuals tend to be curious, imaginative, adventures and receptive to business
opportunities. Besides openness, K. Jusoff, M. Ismail, S. A. Khalid, M. Othman, N. A. Rahman, K. M. Kassim,
and R. Shekh Zain,(2009) also found that extraversion was significant which describes the extent to which
people are active, energetic and enthusiastic.
CONCEPTUAL FRAMEWORK AND HYPOTHESIS DEVELOPMENT
Entrepreneurial Attitude Orientation (EAO) Model
This study adopts the Entrepreneurial Attitude Orientation Model to predict the engineering
graduates’ self-employment intention in Kerala. The EAO Model is developed by Robinson et al. (1991) with
the purpose to offer an alternative approach to study entrepreneurship. It contains four subscales which are:
1) Achievement in business, referring to concrete results associated with the start-up and growth of a business
venture.
2) Innovation in business, relating to perceiving and acting upon business activities in new and unique ways.
3) Perceived personal control of business outcomes, concerning the individual’s perception of control and
influence over his or her business.
4) Perceived self-esteem in business, pertaining to the self-confidence and perceived competency of an
individual in conjunction with his or her business affairs.
Hypotheses Development
With reference to the Theory of Planned Behavior (TPB) by Ajzen, (2013), the following diagram
(see Fig. 1) depicted the model of this study:
FIGURE.1 THE MODEL OF THIS STUDY
Entrepr
eneuria
l
Attitud
e

Achievement

(H1)

Personal Control

(H2)

Self-Esteem

(H3)

Innovation

(H4)

Self-employment
intention

The hypotheses for this study are stated as:
1) H1: Higher levels of achievement are associated with higher levels of self-employment intention
2) H2: Higher levels of personal control are associated with higher levels of self-employment intention
3) H3: Higher levels of self-esteem are associated with higher levels of self-employment intention
4) H4: Higher levels of innovation are associated with higher levels of self-employment intention
RESEARCH METHOD
Research Design and Instrument
A survey approach is utilized in this study by giving questionnaires directly to the engineering
graduates. The questionnaire was developed by modifying those of Robinson et al. (1991) to suit the focus of
this study in Kerala. The questionnaire is divided into three parts. The first part consists of questions related to
demographic variables while the second part consists of the entrepreneurial attitude (i.e. the EAO scales). The
final part solicits the respondents’ self-employment intentions.
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Sample
The sample of this study is the engineering graduates in Kerala. Convenience sampling method is
employed in the study. The sample size is 300.
Administration of the Research Instrument
The questionnaires were distributed personally to the engineering graduates in their respective
institutions with the permission of institution management. A pilot test was conducted with 50 respondents. The
feedback from the pilot testing required minor amendment on the questionnaire and it was modified on the bases
of the requirements.
Variables of the Study
The dependent variable is the self-employment intention of the engineering graduates. This variable is
measured on a 5-point Likert scaling ranging from strongly disagree to strongly agree, by providing the
respondents 16 statements related to self-employment intentions. For each statement the respondents were
required to circle one number on the scale.
The independent variables of this study are the entrepreneurial attitude of the engineering graduates.
Specifically, they are achievement in business (Achievement), innovation in business (Innovation), perceived
personal control of business outcomes (Personal Control) and perceived self-esteem in business (Self-esteem).
These variables are measured using the EAO scale in 5 point likert scale. There are in total 75 statements given
to the respondents which represented by twelve statements on Personal Control, fourteen statements on Selfesteem, twenty three statements on Achievement and another twenty six statements on Innovations. For each
statement the respondents were required to circle one number on the scale.
DATA ANALYSIS
Demographic Profile
The profile of the survey respondents comprised of 139 (46.33%) females and 161(53.67%) males. The
responds age group ranged between 19 -22 years. SPSS 21 version is used for analyzing the data.
Factor Analysis and Reliabilities
Principal component factor analysis was performed on independent variables (i.e. Achievement, Personal
Control, Self-esteem and Innovation) and on dependent variable (i.e. self employment intention) to define the
underlying structure among the variables in the analysis (Table 1). Column 2 of (Table 1) shows the finalized
number of items included for each variable. The values of the Kaiser-Meyer-Olkin (KMO) measure of sampling
adequacy for each variable were all above 0.50, while each of the Bartlett’s test of sphericity was significant at 5
percent. For the purpose of the hypothesis testing only statements with factor loadings more than 0.60 were
taken (Table 2). In conclusion, nine out of twenty three statements on achievement were included in the final
analysis. For innovation, from twenty six only five has being included. For personal control, from twelve
statements only five were included and for self-esteem from fourteen statements only five were included in the
final analysis. For self employment intention, among sixteen items only three were included.
TABLE 1. RESULTS OF FACTOR ANALYSIS AND RELIABILITY FOR THE EAO SCALES AND
SELF-EMPLOYMENT INTENTION
Construct

Independent Variables
Achievement
Personal Control
Self-Esteem
Innovation
Dependent Variable

Number of items with
factor loading greater
than 0.60.

KMO

Cronbach alpha

9
5
5
5

.872
.736
.942
.807

.887
.714
.908
.815
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Self-Employment
Intention

3

.729

.703

Source: SPSS generated result out of authors’ data
The result of factor analysis is summarized in Table 2. A single factor solution emerged with an Eigen value
greater than one is taken for the study. The reliability tests based on Cronbach’s alpha measurements were
conducted on dependent variable (i.e. self-employment intention) and the independent variables (i.e.
Achievement, Personal Control, Self-esteem and Innovation). As shown in the last column of (Tables 1), the
reliability coefficients ranged from 0.703 to 0.908, indicating that all the reliability coefficients exceeded the
minimum acceptable level of 0.6. Hence, one can conclude that the items measuring entrepreneurial attitudes and
self-employment intention was assessed to be reliable.

TABLE 2.CONSTRUCTS FOR THE EAO SCALES AND SELF-EMPLOYMENT INTENTION
Construct

Survey items and corresponding loadings

Achievement

I believe that concrete results are necessary in order to judge business success 0.752
I often sacrifice personal comfort in order to take advantage of business opportunities
0.645
I think that to succeed in business these days you must eliminate inefficiencies 0.644
I always feel good when I make the organizations I belong to function better 0.714
I feel proud when I look at the results I have achieved in my business activities 0.651
I believe the most important thing in selecting business associates is their competency
0.669
I feel good when I have worked hard to improve my business 0.779
I get a sense of accomplishment from the pursuit of my business opportunities 0.712
I always try to make friends with people who may be useful in my business 0.637
I create the business opportunities I take advantage of 0.848
I know that social and economic conditions will not effect my success in business 0.876
I believe that in the business world the work of competent people will always be
recognized 0.751
I feel resentful when I get bossed around at work0.683
I feel very good because I am ultimately responsible for my own business success 0.623
I usually perform very well on my part of any business project I am involved with 0.844
I believe successful people handle themselves well at business gatherings 0.765
I believe it is important to make a good first impression 0.711
I believe that to succeed in business it is important to get along with the people you work
with 0.813
I believe that the authority I have in business is due mainly to my expertise in certain
areas 0.705
I seldom follow instructions unless the task I am working on is too complex 0.808
I enjoy being able to use old business concepts in new ways 0.782
I believe that organizations which don't experience radical changes now and then tend to
get stuck in a rut 0.793
I enjoy being the catalyst for change in business affairs 0.705
I enjoy finding good solutions for problems that nobody has looked at yet 0.745
I will choose my career as an entrepreneur 0.786
I prefer to be an entrepreneur rather than to be an employee in a company 0.836
I am prepared to do anything to be an entrepreneur

Personal Control

Self-Esteem

Innovation

Self-Employment
Intention
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0.868

Source: SPSS generated result out of authors’ data

Regression Analysis
Table 4 presents the regression estimation for self-employment intention. From the table, it is understood that
R2 (= 0.066) which implies that 6.6 percent of self-employment intention can be explained by the four
independent variables. The proposed model was adequate as the F-statistic (= 21.643) was significant at the 5
percent level. This indicated that the overall model provides a statistically significant relationship between
entrepreneurial attitudes and self-employment intention. From Table3 Personal control and self-esteem were
found to have a significant and positive relationship with self-employment intention. Therefore, hypothesis H2
and H3 were supported. However, achievement and innovation was found to have no significant relationship
with self-employment intention. Hence, H1 and H4 were not statistically supported. As shown in Table 3, the
VIF values for independent variables ranged from 1.550 to 1.735, providing the solid evidence against the
presence of multicollinearity.
TABLE3.RESULTS OF REGRESSION ANALYSIS
Model

coefficient

t-statistic

Collinearity tolerance

Statistics VIF

(Constant)

3.666

achievement

0.079

0.959

0.724

1.581

innovation

0.051

0.534

0.633

1.579

Personal control

0.103

1.246*

0.645

1.550

Self esteem

0.113

1.981*

0.576

1.735

TABLE 4.
2

R
0.066

Adjusted R
0.063

2

F
21.643

Sig F
0.00

Source: SPSS generated result out of authors’ data
Note:*significant at 5 per cent level/ Dependent Variable: self employment intension

DISCUSSION
This study found that entrepreneurial attitudes such as personal control and self-esteem have
statistically significant relationships with self-employment intention. However, achievement and innovation
were found to have no significant relationship with self-employment intention. Thus, only H2 and H3 are
accepted. H1 and H4 are rejected. The finding shows that engineering graduates with high personal control and
self esteem have high self employment intention and on the other hand the finding on achievement and
innovation indicates that the engineering graduates who are perceived to have high achievement and innovation
in business however do not have intention to be self-employed or in other word to operate own business. This
may be caused by other variables, for example achievement and innovation may be affected by the personal
control or self-esteem. Hence, although the engineering graduates who have perceived high achievement in
business and innovation in business, does not make any difference on their entrepreneurial intention. In addition
as mentioned by , K. Jusoff, M. Ismail, S. A. Khalid, M. Othman, N. A. Rahman, K. M. Kassim, and R. Shekh
Zain (2009),achievement and innovation in business factor is also needed in a larger organization that may push
an individual away from self-employment. This finding on achievement supports the claims of N. Ismail, N.
Jaffar, S. Khan, and T. S. Leng (2012), K. Jusoff, M. Ismail, S. A. Khalid, M. Othman, N. A. Rahman, K. M.
Kassim, and R. Shekh Zain, (2009), and M. N. Mohd Shariff and M. B. Saud(2009) . The finding on personal
control and self-esteem support the findings of M. N. Mohd Shariff and M. B. Saud (2009) that entrepreneurship
is affected by ones’ personal control and self-esteem. In conjunction to the EAO model it is revealed that the
engineering graduates who perceived that they have strong control and strong influence over his or her business
have greater intention to be self-employed. For self-esteem, the findings support the gist of the EAO model that
graduates who have high self-employment intention are those who have high level of self-confidence and
competency in business affairs. In line with the assumption of the EAO model, this finding demonstrated that
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engineering graduates who were highly intended to be self-employed were those who have high level of selfconfidence and competency.
CONCLUSION
The results of this study has conformed to the literature that entrepreneurial attitudes do
have positive relationship with self-employment intention. Universities nowadays have position themselves as a
hub of entrepreneurship by nurturing an entrepreneurial environment. Besides more entrepreneurial curriculum
or seminar to educate and guide students, it is now up to the university policy makers and government to team up
in promoting and producing a positive image of entrepreneurship as a career. This is because even though
students have the relevant entrepreneurial knowledge and skills, if they do not possess positive image about
entrepreneurship, they might not be interested to venture into the field.
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Abstract - In the near future, some fuel cell systems could be an accessible and attractive alternative to conventional
electricity generation.Renewable energy systems have developed wide interest to supply electricity in remote areas as
well as for distributed power generation particularly during peak loads. Fuel-cell-based power generation is also
gaining popularity in residential applications as well as distributed power generation due to its cleanliness,
portability, and suitability for electricity and heat generation. Development of a suitable power electronic interface to
make the technology viable is still a challenge. This paper presents modeling, simulation, and experimental study of a
fuel cell (FC) power plant (FCPP) suitable for stand-alone application as well as for microgrid/ grid interface using
different controllers like PI Controller,PID Controller and Fuzzy Logic Controllers. A single-stage pulsewidth
modulation inverter is selected as power electronic interface between FC and grid. A mathematical model is
developed in per unit system to define the power limits in terms of FC, converter, and power system parameters.The
simulation model is developed in MATLAB environment with control scheme implementation in qd reference frame
for investigation. A comparative assessment of the three different controllers is brought out.
Keywords— Distributed generation, fuel cell (FC), grid interface,power conditioning unit, power quality, pulsewidth
modulation (PWM) inverter, stand-alone system.

I.

INTRODUCTION

Rapid growth in energy consumption during the last century on the one hand, and limited resources of energy on
the other, has caused many concerns and issues today. Although the conventional sources of energy, such as
fossil fuels, are currently available in vast quantities, however they are not unlimited and sooner or later will
vanish. Moreover, environmental concerns, such as global warming, are becoming increasingly serious, and
require significant attention and planning. Renewable energy sources are the answer to these needs and
concerns, since they are available as long as the sun is burning, and because they are sustainable as they have no
or little impact on the environment. One technology which can be based upon sustainable sources of energy is
fuel cell.
Fuel cells are devices that directly convert the chemical energy stored in some fuels into electrical energy and
heat. The preferred fuel for many fuel cells is hydrogen, and hydrogen fuel is a renewable source. of energy;
hence fuel cell technology has received a considerable attention in recent years.
Since the FC delivers dc power, it must be inverted and stepped up to be able to use for household
applications as well as for distributed generation. Another serious problem with FC is that its voltage decreases
almost linearly with the increase in load current; hence, output voltage must be regulated at a desired level.
Therefore, a suitable power electronic interface is required between FC and load/grid, with the capabilities of
FC voltage regulation, output voltage matching, and galvanic isolation between FC and load/grid.
The aforementioned tasks can be achieved either by connecting a dc–dc converter with voltage gain to the
FC followed by a dc/ac inverter or by directly connecting an inverter to the FC followed by a step-up
transformer as shown in Fig. 1. Several topologies of switched-mode dc–dc converter followed by inverter are
proposed and compared based on their performance [8]–[14]. A switched-mode dc–dc converter is preferred to
limit the size and cost of the system followed by a grid-connected inverter [8]. A current-fed dc–dc converter is
preferred over a voltage-fed dc–dc converter as the former requires reduced input filtering. A push–pull dc–dc
converter is selected with voltage gain [8], [10], [11] to reduce the switch conduction losses. However, its use is
restricted to low- and medium-power applications. Full-bridge topology is preferred for high-power applications
as push–pull topologies have a serious problem of center tap termination, which tends to cause saturation of the
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transformer at high-power levels [9]. However, a full-bridge topology requires more switches but of half rating,
which is more economical and efficient [9], [12], [13].
All these topologies discussed earlier use multiple-stage conversion to deal with the aforementioned
challenges, which results in large component count and, therefore, poor reliability, additional cost, and low
efficiency. In addition to this, energy storage devices such as battery and ultra capacitors are also needed at
various stages [9], [10] either to supply auxiliaries or to improve the slow transient response of the FC.
Direct connection of dc/ac inverter to the FC with ac gain has only one conversion stage [15]. This
topology offers the advantages of least component count and low losses. Also, single conversion facilitates
reverse power flow from grid particularly during start-up to supply the auxiliaries. The step-up transformer
provides the isolation between FC and load as well. Grid interface of renewable power sources like FC is one of
the probable area of research particularly during peak loads [16]. However, complete design, mathematical
modeling, and implementation of control scheme are some of the issues that need more focused attention.
This paper presents modeling and simulation of a single stage power electronic interface between FC and
load/grid. A mathematical model of the FC-based power supply system is developed in qd0 reference frame in
terms of FC, converter, and power system parameters. This model is used to define the active and reactive
power limits, which can be supplied by the system to facilitate grid interface. The model is developed in per unit
(p.u.) system which can be further extended for grid connected environment. The topology selected can also be
used for bidirectional conversion to supply the auxiliaries from the grid initially for start-up. A Nexa™ proton
exchange membrane (PEM) FC of 1.2 kW is considered for the design and study. The I–V characteristics of the
FC are obtained considering the effect of temperature and hydrogen pressure. After comparing the simulated
characteristics with experimentally obtained I–V characteristics, a simplified model of FC is developed based on
its practical characteristic in linear region. The simulation model is developed in MATLAB–Simulink and Sim
Power- Systems environment. Control scheme is implemented in qd0 stationary reference frame, and various
simulation results are presented in steady state as well as during transients.
II.

FUEL CELL

Proton Exchange Membrane fuel cells (PEMFC) are electrochemical energy conversion devices that
convert the chemical energy of supplied reactants (hydrogen and oxygen) into electricity. To summarize the
operation simply, reactant gases are supplied to both electrodes of the fuel cell via the channels, the gas
diffusion layer facilitates even distribution to the catalyst-coated membrane, and the catalyst accelerates the
oxidation and reduction of the reactants, which are the primary reactions desired for fuel cell operation as
shown in Figure 1 .

Figure:.1 Schematic representation of fuel cell chemistry.

The oxidation on the anode side of the membrane releases two electrons, which then traverse the circuit to
satisfy the load required of the cell, while the remaining protons (H+) travel through the membrane to the
cathode side. The O2 reduction on the cathode side splits the oxygen molecule, which then joins with the
electrons completing the circuit and the protons from the membrane to form product water H2O
A Reactions in Fuel cell
The reactions in a fuel cell are
Anode Reaction:
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2H2+2O2...................................................................>2H2O+4e-

(3.1)

Cathode Reaction
O2+4e...........................................................................>2O2

(3.2)

Overall Reaction
2H2+O2……………………………………………>2H2O

(3.3)

B Advantages of fuel cells
1. They transforms the fuel chemical energy into electric power with 60% efficiency which is considered to be
twice that of traditional generating stations.
2. The absence of moving parts in fuel cell’s operation, expect for air blowers (for O2) and (for H2) and /or
water pumps, result in very low noise levels, relatively higher efficiency and emits lower air pollutants.
3. No combustion is involved in the fuel cell operation that make it environmental friendly generation with
approximately negligible emission of CO2.
C Disadvantages of fuel cells
The main disadvantage of fuel cell is that aging of fuel cell causes the internal impedance to increase
slowly and therefore in order to regulate the output voltage a power electronic interface is required, which
increases the cost.
III.

FUEL CELL POWER SUPPLY SYSTEM

The single-line diagram of the proposed single-stage FC based power supply system is shown in Fig. 3.2. A
single-stage PWM inverter followed by a low-pass filter is used with a Nexa™ PEM FC. Since FC operates in
low voltage range (26–48 V) and load/grid voltage is relatively high (415Vrms), a step-up transformer is used to
meet the desired voltage level. It also provides the isolation between FC and load.

Figure: 2 Single line diagram of Fuel cell power plant

IV.

SYSTEM DESIGN

A FC Model
The performance of the FC is improved by thermodynamics and electrical efficiency of the system. The
thermodynamic efficiency depends upon the fuel processing, water management, and temperature control of the
system. However, the electrical efficiency depends on the various losses over the FCs like ohmic loss, activation
loss, and concentration loss. In reality, the FCs differ in terms of characteristics, material used in construction,
and their suitability of applications. Hence, the development of an accurate FC model is very important. PEM
FC models are reported in the literature based on the thermodynamic and electrochemical equations . A
mathematical approach is presented for building a dynamic model for a PEM fuel-cell stack. To simplify the
analysis, the following assumptions are made
a)Ideal and uniformly distributed gases,
b) Constant pressures in the fuel-cell gas flow channels,
c) The fuel is humidified and the oxidant is humidified air. Assume the effective anode water vapour pressure is
50% of the saturated vapour pressure while the effective cathode water pressure is 100%.
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d) The fuel cell works under 100 0C and the reaction product is in liquid phase.
e) Thermodynamic properties are evaluated at the average stack temperature, temperature variations across the
stack are neglected, and the overall specific heat capacity of the stack is assumed to be a constant.
f) A fuel cell stack is represented by combining parameters for individual cells .
The proportional relationship of the flow of gas through a valve with its partial pressure can be expressed as
= KH2

(3.4)

= KH2O

(3.5)

For hydrogen, there are three relevant contributions to the hydrogen molar flow: the input flow, the flow that
takes part in the reaction and the output flow. The relationship among these factors can be written as:
=

(

in

-

out

-

r

)

(3.6)

According to the basic electrochemical relationship between the hydrogen flow and the stack current can be
written as :
=

= 2KrIFC

(3.7)

The polarization curve for the PEM fuel cell is obtained from the sum of the Nernst’s voltage, the activation
over voltage Șact, and the ohmic over voltage Șohmic. Assuming constant temperature and oxygen concentration,
the fuel cell output voltage may be expressed as
Vcell=E+Șact+Șohmic

(3.8)

The FC stack voltage under loaded condition (Vdc_stack) is a function of activation loss (Vact), concentration loss
(Vcon), and ohmic loss (Vohmic) and is given by Nernst equation:
Vdc_stack = Vopen í Vohmic í Vact í Vcon.

(3.9)

Based on this, a dynamic model of Ballard 1.2-kW FC is developed in MATLAB/Simulink . It can be seen that,
at low current level, the ohmic loss becomes less significant and the increase in output voltage is mainly due to
activity of slowness of chemical reactions. At very high current density, the voltage fall down significantly
because of the reduction of gas exchange efficiency. This is mainly due to over flooding of water in catalyst.
Intermediate between the active region and concentration region, there is a linear slope which is Figure.3

Figure: 3.Polarisation characteristics of fuel cell
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It has been observed that the FC can be operated dramatically within the linear region by changing the
internal resistance offered by the FC stack under different loading conditions at different temperatures and
hydrogen pressures. The experimentally measured output characteristic of the Nexa™ FC is that the
characteristics are almost linear. In general, at the rated power (the net output power is around 1.2 kW), the
output voltage ranges from 26 to 29 V at the beginning of life, and the current is around 45A. Therefore, the FC
output characteristics can be linearized. The linearized equation is given by
Vfc_lin = V0_lin í Rin_linIfc

(3.10)

where Vfc_lin is the linearized output voltage, V0_lin is the linearized voltage without the load (V0_lin = 39 V),
Rin_lin is the linearized internal resistance (Rin_lin = Rfc = 0.24 ȍ), and Ifc is the FC current. Therefore, the static
equivalent internal resistance might be considered as 0.24 ȍ. Based on the linearized FC characteristics, the
output voltage range is considered herein as 36–26 V with an internal resistance of 0.24 ȍ, to define the lower
and upper power limits with minimum loading of 360 W (10 A) to maximum loading of 1170 W (45 A).
B Simplified Model
The simplified model represents a particular fuel cell stack operating at nominal conditions of
temperature and pressure. A diode is used to prevent the flow of negative current into the stack. This model is
based on the equivalent circuit of a fuel cell stack shown in Figure.4.

Figure:.4.Equivalent circuit of fuel cell stack

C Filter Design
An LC filter is connected before the step-up transformer to filter out the harmonics present in the inverter
output. For a switching frequency around 4860 Hz , the lowest order harmonic available in the inverter output
voltage is in the range of 4740 Hz. Therefore, the cutoff frequency of LC filter can be selected as 1200 Hz,
which is 20 times greater than the fundamental frequency and almost four times lower than the switching
frequency (4860 Hz), so as not to attenuate the fundamental frequency. The resonance frequency can be
expressed as
fC =1/2ʌ¥LfCf= 1200 Hz.

(3.11)

Based on the aforementioned expression, different combinations of filter components are taken. Considering a
cutoff frequency of 1200 Hz, Q factor of 30, THDV and THDI that are less than 5%, and inductor power loss <
1%.
D Mathematical Modeling
An FCPP consists of an FC stack and a power conditioning unit as discussed earlier. Generally, for simplicity
of calculation, the transformation of three-phase quantities is done into the two-phase quantities. This gives
reduction in sensing circuits in real-time work. Therefore, the three-phase stationary circuit elements fabc are
transformed to the arbitrary reference frame fqd0 . Hence, the mathematical model of the FCPP is developed
using dq reference frame to study the static and dynamic characteristics. The model is developed in p.u. system
to generalize the system for any rating . The single-line diagram of the FCPP representing a three phase,
symmetrical, and balanced steady-state system is shown in Fig. 2 . The utility grid is represented by an infinite
bus with a constant voltage source (Vs , fs) with short circuit impedance Zs . The FC is represented by a constant
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voltage source Efc with internal resistance Rfc. The converter is considered to be lossless. ZT and Zf are the
impedances of transformer and filter inductor, respectively. Bus T is the FCPP interface bus to the grid.
D Selection of P.U. Values
AC-Side Base Values
The FC nominal power expressed in volt amperes is selected as the base power for the purpose of defining the
base p.u. values. RMS values of the rated phase voltage are generally selected as the base voltage for abc
variables, whereas peak values are selected for qd variables . However, as the p.u. values remain the same in
both systems, the rms value of line-to-neutral voltage is preferred here to normalize the voltage, as system
variables are generally defined in rms values. The fundamental rated frequency is considered as the base
frequency. All other base values are derived from the aforementioned independent base values given hereinafter
base VA Sb =Pnomfc [VA]

(3.12)

base voltage Vb,ac =V nomrms(LN) [V]

(3.13)

base current

Ib, ac =Sb/3Vb, ac[A]

(3.14)

base impedance Zb =Vb,ac/Ib,ac=3V2b,ac/Sb[ȍ].

(3.15)

FC Base Values
The proposed FC base quantities (dc) are derived from the voltage source converter with SPWM modulation.
The ac-side line-to-neutral rms voltage is proportional to the dc-side FC voltage as
Vrmsac,LN =1/2¥2maVdc

(3.16)

where ma is the amplitude modulation .
Assuming a lossless converter, FC base voltage and current can be obtained by equating the powers at ac and dc
sides of the inverter, operating at unity power factor (cos = 1) and ma = 1, as
Pac =3VacIaccosĳ = VdcIdc = Pdc

(3.17)

Vb,fc =Vdc = 2¥2Vac [V] Ib,fc =3/2¥2Iac [A].

(3.18)

E Steady-State Model of FCPP
Inverter-Side (AC Side) Equations
The steady-state model of FCPP is developed in qd reference frame to define the power limits in terms of
converter and FC parameters. The symmetrical, balanced, and three-phase voltages at converter, transformer,
and utility bus C, T, and S, can be expressed as
vi ,abc =[vi ,a vi ,b vi ,c ]Ti[אC,T,S]

(3.19)

where VC
=Vi[cos(Ȧit+și0)cos(Ȧit+și0í2ʌ/3)cos(Ȧit+și0+2ʌ/3)]Ti[אC,T,S]
, VT , and VS are the amplitudes, ȦC = ȦT = ȦS =Ȧe are the synchronous frequencies, șC0 , șT0 , and șS0 are the
initial angular displacements at buses C, T, and S, respectively, and the matrix superscript T denotes the matrix
transpose. Equation (3.19) can be transformed into an arbitrary dqo reference frame rotating synchronously (Ȧ =
Ȧe) having initial angular displacement ș0

vi ,qd0 =[vi ,q vi ,d vi ,0]Ti[אC,T,S]
=Vi [cos(și0íș0) í sin(și0 í ș0) 0]T .

(3.20)

The zero component does not exist in a symmetrical system; thus, (3.20) can be written in converter’s qd
reference frame
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(Ȧ = ȦC ) as
vCqd =[VC 0]T

(3.21)

vCSqd = [VS cosįCS VS sinįCS ]T

(3.22)

where įCS = șC0 í șS0.
Voltage at bus C can be expressed as a function of the voltage at the bus S, current, and system impedance
expressed in the converter’s qd reference frame
vCqd=Zdqidq+vCSqd

(3.23)

The current can be expressed in the converter’s qd reference frame as
=

(3.24)

where R = RT + RS , X = XT + XS , Z =

and Ȗ = ʌ/2í taní1 X/R .

Power at the converter bus C can be expressed as
=

(3.25)

On putting iq and id from (3.24), active and reactive powers at converter bus can be expressed
=

(3.26)

If the ratio X/R is large (>10), Ȗ ĺ 0; thus, (3.26) can be simplified to
=

(3.27)

Equation (3.27) is known as power expressions for sending and receiving end nodes interconnected with the
impedance Z or reactance X, respectively.
FC-Side (DC Side) Equations:
As validated above from the approximate linearized equivalent circuit, the FC voltage can be expressed in
terms of FC current and resistance as
Vfc = Efc í Rfcifc

(3.28)

where Efc and Rfc are constant for an operating condition. Equation (3.28) is valid for ifc [ א0, ifc,max], for ifc 
ifc,max,
Vfc ĺ 0.
As the converter’s switching frequency is very high as compared to fundamental frequency, the fast average
value of the converter voltage ˆvC,abc can be defined as the average value over the switching period, in terms of
the modulation index
“ma” and dc-side voltage Vfc
ˆvC,abc =vC,abc
=maVfc[cos(șC )cos(șCí2ʌ/3)cos(șC+2ʌ/3)]T

(3.29)

The fast average converter voltage can be expressed in the converter’s qd reference frame (Ȧ = ȦC ) by
dropping the superscriptˆfor simplicity
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=

(3.30)

Assuming a lossless converter, active power is equal on both sides of the converter
PC =Pfc
i.e. ma Vfc ifc =Vfcifc

(3.31)

or ifc =maiq.

(3.32)

Power Equations in Terms of System Parameters:
The active and reactive powers at converter bus “C” can be expressed as
=

=

=

(3.33)

=

(3.34)

Active and reactive powers converter bus “C” (PC ,QC , VC ) can be expressed as a function of the system
variables—FC (Rfc, Efc), converter (Rfc, Efc), filter and transformer (Zf , ZT ), and utility (VS , ZS ) . Active and
reactive powers delivered and voltage regulation of the FC system are dependent on the total system impedance
as well as the relative strength of the connected utility grid. The aforementioned equations can be simplified to
evaluate the effects of power system parameters neglecting the system resistance . Above said equations can be
used to study the effect of power system and FC parameters on power flow. Although the maximum power flow
PCmax is a function of both the FC and the power system parameters for grid-connected environment (similar to
power–angle characteristics of the system with two active ac sources), in this case, it is limited only by the FC
parameters Efc and Rfc.
V.

CONVERTER TOPOLOGY AND CONTROL SCHEME

A Basic Scheme and Power Converter Topology
The single-line diagram of the proposed single-stage fuel cell based power supply system is shown in Fig.2. A
single-stage PWM inverter followed by a low-pass filter is used with a 1.2-kW 48-V Nexa™ PEM FC. Since
FC operates in low voltage range (26–48 V) and load/grid voltage is relatively high a step-up transformer is
used to meet the desired voltage level. It also provides the isolation between FC and load.
A single-bus six-switch voltage source PWM bridge converter used for dc–ac conversion is preferred here
for three-phase application suitable for grid interface. The bridge uses six MOSFET switches at low voltage
level , which is economical and efficient. The sinusoidal PWM (SPWM) switching is preferred here which
minimizes the passive components; however, it requires high speed switching devices and more complex control
efforts, which is not a challenge with the availability of high-frequency power semiconductor devices and
modern control tools like fast digital signal processors.
A low-pass LC filter is used at the PWM inverter output to achieve better harmonic reduction in the phase
current and inverter output voltage. Inverter-side placement of filter results in high current rating of the filter
inductor, whereas capacitors are rated at a reduced voltage. As the load increases, FC voltage decreases. In order
to operate the FC efficiently, the flow rate of hydrogen must be adjusted with the change in load. However,
depending on the type of FC system, this flow change is a very slow process and has time constant as large as 30
s Therefore, some type of energy storage is required.
Series of batteries can be placed across the FC stack but require additional circuitry for regulated dc bus.
Also, numbers of cells in series are not only expensive but have a short life time and require costly battery
management system for safe operation [9], [10]. Use of a capacitor/ultra capacitor is a viable alternative to
batteries. Capacitors have a wider voltage range and can be placed in parallel across the FC without any
additional circuitry. Ultra capacitors have a specific energy density less than that of a battery, but a specific
power greater than a battery. Ultra capacitors can hold the charge over extended periods of time. Unlike
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batteries, ultra capacitors have a short charge time and much longer lifetime. However, availability and cost are
considerable issues.
B Control Strategy
As the FC voltage is usually very small, around 1.2 V, it becomes necessary to stack many cells that need to be
connected in cascaded series and parallel form to increase its power capacity. A typical FC polarization
characteristic is shown in Fig. 3. It is observed that a linear region exists where FC voltage drops as the current
density increases due to its ohmic nature. This region is observed mainly due to internal resistance offered by
various components, called ohmic polarization. At low current level, the ohmic loss becomes less significant;
the increase in output voltage is mainly due to activity of the chemical reactions (time taken for warm-up
period). Thus, this region is also called active polarization. At very high current density, the voltage fall down
significantly because of the reduction of gas exchange efficiency; it is mainly due to over flooding of waters in
catalyst, and this region is also called concentration polarization . This reduction in the FC voltage with increase
in current drawn (output power), keeping constant the hydrogen flow rate, can be regulated by controlling the
modulation index (ma) of the PWM inverter as shown by
Vac = ma · Vdcסį

(4.1)

where Vac is the ac output voltage, Vdc is the FC output voltage, ma is the inverter modulation index, and į is the
inverter phase angle .
As control of magnitude of the output voltage is not enough to meet the active power requirement of the
load, the phase angle of the inverter “į” should also be controlled. These two variables (ma and į) are used to
control the transient power adjustments. Hydrogen flow rate must be adjusted to control the steady-state power
requirement. Output voltage is compared to the reference voltage command to control the modulation index
“ma” , which ultimately regulates the inverter output voltage and reactive power flow as well. In order to control
the reactive power flow in grid-connected environment, voltage is compared with the reference voltage and
processed in proportional–integral (PI) controller,PID and Fuzzy Logic Controller to control the inverter output
voltage.
VI.

SIMULATION RESULTS

The simulation model for the control of converter parameters (ma and į) in closed loop is developed in
MATLAB environment. The FC voltage is applied to the MOSFET inverter through a dc link capacitor. The
MOSFET inverter is controlled using SPWM at 4.86-kHz carrier frequency. The circuit is discretized at a
sample time of 1 µs . The output of PWM inverter is applied to a step-up transformer after filtering. The load
voltage is regulated at 1 p.u. (415 Vrms) by PI,PID and fuzzy voltage regulator using abc-to-dq and dq-to-abc
transformations. The output of the voltage regulator is multiplied by the reference sine vector to generate the
three modulating signals used by the PWM generator to generate the firing pulses.
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Figure:5Three phase output voltage after filtering with PI controller.
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Figure:6 Three phase output voltage after filtering with PID controller.
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Figure:7 . Three phase output voltage after filtering with Fuzzy Logic Controller.

VII. COMPARISON BETWEEN THREE CONTROL STRATEGIES
Results of two control schemes are summarized in the table below. From the table we can conclude that % THD
reduces more with Fuzzy logic controller. With PI controller THD is reduced from 83.72% to 1.77% after
filtering. With PID controller THD is reduced from 99.88% to 1.14% after filtering . With fuzzy controller
THD is reduced from 89.88% to 0.47% after filtering .Settling time is also minimum with Fuzzy logic
controller.
SL NO

ControllerUsed

THD(%)

Settling Time(s)

1

PI Controller

1.77

0.15

2

PID Controller

1.14

0.07

3

Fuzzy Controller

0.47

0.01

VIII. CONCLUSION
The proposed single-stage power electronic interface regulates the variation in FC voltage for a corresponding
change in load by changing the modulation index and phase angle. The THD values of output voltage is
maintained 0.47% using fuzzy logic controller, making the system suitable for grid interface/standalone use.
Based on the simulation it can be concluded that the modulation index adjusts to account the FC drooping
characteristics for any variation in load with significantly good transient response. Also, the inverter output
voltage is synchronized with grid voltage making the system suitable for grid interface. It can be concluded that
fuzzy logic controller is the best controller for the system as THD can be reduced from a high value to a low
value after filtering and settling time is minimum.
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ABSTRACT
The digital design is a very broad field. Its applications can be found in our daily life such as in laptops, calculators, cameras
etc. The VHDL has become an essential tool for designers in the world of digital design [1]. This paper presents the VHDL
implementation of a 32-bit microprocessor. The structural VHDL model of the microprocessor is designed to perform 16
operations which include both logical and arithmetic operation. Here the microprocessor is divided into various sub modules
and each of them was programmed using VHDL. The VHDL implementation and functionality test of the 32-bit
microprocessor are done by using the Xilinx tool.

Keywords: 32-bit Microprocessor, VHDL, Structural Modeling.
1. INTRODUCTION
The microprocessor is an electronic device which consists of arithmetic-logic unit and control circuit. It is an integrated circuit
that interprets and executes the programs and behaves intelligently. It operates at a speed of the internal clock. With each clock
pulse, the processor performs the functions corresponding to the given instruction. Therefore the power of the processor can be
calculated as the number of instructions per second.32-bit the microprocessor contains a number of basic modules which together
works as the processor. Here the processor consists of 32bit registers, an arithmetic, and logic unit, a program counter, a decoder
unit. The processor uses 32-bit data bus to communicate through the different modules like registers, Arithmetic logic unit, and
program counter. Due to the advancement of the integrated circuit technology, the power of the processor has increased
tremendously. Microprocessors are used in the embedded sector depending on their general purpose and special purpose
application. It is widely used in devices to make it intelligent. The processor consists of different sections which altogether
performs various functions. Here each of these modules was implemented by using the behavioral modeling style to describe how
the operation of the microprocessor is being processed. This is done by using the hardware description language-VHDL.

2. MODELING STYLE
The microprocessor is a programmable device which accepts digital data as input and processes it according to the instructions,
provides results as output. It can be considered as a data processing unit or a computing unit. It has similar capability to that of the
central processing unit of a computer. Here the microprocessor consists of different sub modules. All these sub modules in the
microprocessor design are coded in VHDL. High level design methodology allows managing the design complexity in a better
way and reduces the design cycle without continuing the trend to compromise evaluation of design implementation options and
designing at a higher level of abstraction delivers the following benefits [1]:
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Manages complexity: Fewer lines of code improves productivity, reduces error.
Increases design reuse: Implementation of independent designs.
Improves verification: Starts earlier in the process runs significantly faster.

The main advantage of using VHDL is that, it allows the behaviour of the required system to be described and verified
before synthesis tools translate the design into real hardware and also VHDL allows the description of a concurrent system,
it is a dataflow language, unlike procedural computing languages such as BASIC, C and
assembly code, which all run sequentially, one by one.[2]

3. BLOCK DIAGRAM AND SPECIFICATIONS OF 32-BIT MICROPROCESSOR
The block diagram of the 32-bit microprocessor is as shown in the figure. It has different sub modules, such as program counter,
registers, ALU etc.

Fig: 1 Block Diagram of Microprocessor

3.1 Register Unit
Here we use two 32-bit registers. Register A and Register B. They are used for storing the value of instructions during processing.
Registers are memory unit for temporary storage of data. The power and speed of the CPU generally depend on the availability of
a number of registers and their size. Data can be written into the registers or can be read from the registers.
3.2 ALU (Arithmetic Logic unit)
ALU is the essential entity in processor since it contains arithmetic, logical and decision making operations such as AND, OR,
NOR, NOT, NAND etc. It is considered to be the most important unit of the processor as the entire processor depends on it. [3] In
ALU, two input data buses are used to provide data and the resultant output is obtained based on the desired operation.[4]
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Fig: 2 Block Diagram of ALU

3.3 Counter Unit
The counter is used to record the number of events occurring in a specified interval of time. Usually, an electronic counter is used
for counting the number of pulses occurring at the input line in a specified time period. The counter must possess memory so that
it can remember its past states. The counter used here is a 4 bit counter. It starts counting from 0000 to 1111 when the clock signal
is activated. The block diagrams as follows: The inputs to the counter are clk and reset when they are activated the counter starts
working and it counts from 0000 to 1111.q is the output of the counter.

Fig: 3 Block Diagram of Counter

3.4 Decoder Unit
A decoder is a circuit that selects the binary information from the set of inputs. It selects a unique combination of inputs and
generates output at the output line. The decoder can have control pins. Here the output of the counter is given as the input to the
decoder, which is 4bit. Hence the decoder is a 4 to 16 bit decoder. The block diagram of the decoder is as follows:
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Fig: 4 Block Diagram of Decoder

4. SIMULATION RESULTS FOR 32-BIT MICROPROCESSOR

Fig 5. RTL Schematic of 32-bit microprocessor

Fig 6. Simulation Result for Arithmetic Operation When S[0000000000000001] = X+Y
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Fig 7. Simulation Result for logic operation when S[000000100000000] = NOTY

5. CONCLUSION
Microprocessors are a mass storage device. They can be also called as microcomputers. Due to low cost, low power, less weight
and fast computing capability, it is widely used in different applications. In this paper 32-bit microprocessor using structural
modelling is implemented. After writing VHDL code for each of the sub modules, the microprocessor was simulated. The
complied format was loaded into the simulator, and the simulator was executed. This is done by Xilinx simulator. After the
successful compilation and simulation, we can conclude that 32 bit microprocessor have high performance and power than 16 bit
processor and low power consumption than 64 bit processors. The simulation shows that the processor executes for all the
functional units. There is a scope in this 32-bit microprocessor that by increasing the no. functional units and instructions with an
increased number of bits. [2]
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Abstract: The digital images can be resized and the process of doing it is called as image scaling. The applications such as sharpening
of the image, image zooming, processing edge structures in an image etc, uses image scaling as one of its important method. Image
scaling is a computationally expensive operation. High memory requirement and computation complexity are characteristics of most of
the high quality image scaling algorithms. For very large scale integration (VLSI) implementation, low complexity and low memory
requirement image scaling algorithms are necessary. Here, the image scaling algorithm consists of sharpening spatial filter, clamp
filter and simplified bilinear interpolation. The sharpening spatial filter and clamp filter serves as pre-filters prior to bilinear
interpolation operation. These filters are combined into a combined filter by the 2D convolution of T- model or inverse T- model
convolution kernels that represent them. The filter combining technique reduces computation resources and memory buffer. Hardware
sharing techniques are used to reduce the computational complexity and computing resource needed. Bilinear interpolation is an image
restoring algorithm. It is popularly used in VLSI implementation because of its low complexity and simple architecture. The
architecture can be modeled in Verilog HDL, simulated using ModelSim XE III 6.3c and synthesized using Xilinx ISE design suite 8.2i
and can be implemented in Spartan 3 FPGA.

Keywords: Bilinear interpolation, clamp filter, 2D- convolution, image scaling, sharpening spatial filter, very large scale integration
(VLSI).

1. Introduction
Image scaling is the resizing of digital images, wherein
interpolation techniques are used to achieve an optimum
between factors such as efficiency and smoothness. It can be
separated into two different operations – reconstruction of
image and re-sampling at output grid rate. Nowadays, images
of different sizes and formats are available to users from
different sources such as mobile phones, digital camera and
internet. With the emerging trends in multimedia, there exists
demand of outstanding image scaling techniques. Digital
image scaling applications ranges from consumer electronics
to medical imaging.
Image scaling algorithms convert image of one resolution to
another without losing the visual content. They can be
classified into polynomial based methods and nonpolynomial based methods. Polynomial based methods are
based on direct manipulation on pixels. They are easy to
perform, require less calculation cost and follow same pattern
for all pixels. An uncomplicated and simple polynomial
based method is the nearest neighbor algorithm which gives
good result when image has high resolution pixels. But some
information at edges are lost. The most popular in
implementation of VLSI chips is the bilinear interpolation
algorithm, due to its simple architecture and low complexity.
It linearly interpolates four nearest neighbor pixels of an unrestored image to obtain pixel of a restored image as a
forward function. However, its high frequency response
behavior is poor. The best among all polynomial based
methods is the bi-cubic interpolation that gives sharper image
compared to others, but requires more computation time.
The polynomial based methods stores the low frequency
components of the original image and causes blocking and
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aliasing artifacts. The image must preserve high frequency
components for better visual quality. Many non- polynomial
based methods have been proposed in recent years. They
provide better result and consider features like intensity
value, edge information, texture etc. The bilateral filter,
curvature interpolation, data dependent triangulation,
autoregressive model, new edge directed interpolation,
iterative curvature based interpolation are some efficient
techniques used by non-polynomial methods to enhance
image quality and to reduce blocking, aliasing and blurring
effects. These image scaling algorithms have high complexity
and memory requirement.
The complexity/ latency of the hardware architecture is
determined by the interpolation technique used. It is difficult
to implement image scaling algorithms of high complexity
and memory requirement using VLSI technology. For cost
and time to market reasons many real time scaling
applications uses traditional low complexity image scaling
algorithms to implement in VLSI technology.
The design and implementation of image processing
algorithms in VLSI is an expanding area of research. The
complexity of VLSI design is the main obstacle that blocks
the widespread use of it in real time image processors. In this
work a high quality algorithm with low complexity and low
memory is used. To reduce the memory requirement and
computation cost filter combining, hardware sharing and
reconfigurable techniques had been used in the scaling
algorithm. Due to computational efficiency and qualitative
stability bilinear interpolation algorithm is selected by
trading off complexity and quality. Because of its low
complexity and simple architecture bilinear interpolation is
efficient for VLSI implementation. The coding can be
synthesized using Xilinx ISE Design Suite 8.2i, simulated
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using ModelSim XE III 6.3c and can be implemented using
Spartan 3 FPGA.

2. Related Works
To achieve demand of real time image scaling applications
some low complexity methods for VLSI implementation have
been proposed. Winscale [8] image interpolation is
implemented by using area pixel model for image scaling.
This method has high frequency and image quality than
bilinear interpolation method. An edge oriented image
scaling processor [7] with low complexity VLSI architecture
uses a simple edge catching technique for edge preservation
and to achieve better image quality. The hardware
architecture of this algorithm uses a single line buffer
memory.
A low cost high quality adaptive scalar [4] for real time
multimedia application adopts bilinear interpolation
algorithm. The bilinear interpolation algorithm is simplified
by hardware sharing technique to reduce hardware cost and
computing resource. The work utilizes a total of four line
buffer memory. VLSI implementation of an adaptive edgeenhanced image scalar [3] for multimedia applications uses
edge detector with low cost edge catching technique and is
based on bilinear interpolation algorithm. Sharpening spatial
filter is used to reduce the blurring effect. By using one line
buffer the design can process streaming data.

3. Methodology
The image scaling algorithm consists of a sharpening spatial
filter, clamp filter and bilinear interpolation. The basic block
diagram for the scaling algorithm for image zooming is
shown in the Figure 1.

controller. In the scaling algorithm, the source image is
filtered by a sharpening spatial filter and then filtered again
by a clamp filter. In the architecture of the image scaling
algorithm, these two pre-filters are combined to form a
combined filter. The block diagram for the VLSI architecture
of image scaling processor is shown in Figure 2.

Figure 2: Block diagram of the VLSI architecture for realtime image scaling processor.
The details of each block will be discussed in the following
sections.
3.2 Register Bank
The register bank consists of ten shift registers and designed
along with a one line buffer memory. The register bank along
with this line buffer provides ten values for the immediate
usage of combined filter. When the controller produces the
clocking and reset signals, a new value will be read into
register Reg 41 and the stored value of the row n+1 in each
register will get shifted into next register or to the line buffer
memory. The Reg 40 reads a new value from the line buffer
memory and each value in row n, that is stored in other
registers gets shifted to the next register. The architecture of
the register bank is shown in Figure 3.

Figure 1: Block diagram of scaling algorithm for image-zooming.

Image in is the input image of size (m×n) and image out is
the scaled output image of size (k×l). The input pixels of
source image are first given to sharpening spatial filter [5],
which removes associated noise and enhances the edges.
These filtered pixels are again filtered by clamp filter [5], to
reduce aliasing artifacts and to smooth unwanted
discontinuous edges of boundary region. These filters serve
as pre-filters prior to the bilinear interpolation operation and
reduce the blurring and aliasing artifacts. Finally, these
filtered pixels are bilinear interpolated for performing scaling
operation. T-model or inverse T-model convolution kernels
are used for the realization of sharpening spatial filter and
clamp filter that reduces memory buffers and computation
cost.
3.1 System Overview
The VLSI architecture of the real time image scaling
processor consists of four main blocks. They are: a register
bank, a combined filter, simplified bilinear interpolator and a
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Figure 3: Block diagram for the architecture of the register
bank.
3.3 Combined Filter
The sharpening spatial filter and clamp filter can be
represented by convolution kernels [4]. Convolution kernel is
the matrix of weights. The image quality can be increased if a
large sized convolution kernel is used. But this increases the
hardware cost and memory requirement. For example, the use
of a 3×3 convolution sharpening spatial filter and 3×3
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convolution clamp filter produces a 5×5 combined filter is
shown in Figure 4.

Figure 4: 3×3 clamp filter combined with 3×3 sharpening
spatial filter to form 5×5 combined filter
Where S and C are the sharpening and clamp filter
parameters. This requires four line buffer memory and twenty
five arithmetic units. To reduce the complexity the 3×3
convolution kernel can be replaced by a cross model which
cuts down four parameters. For further improvement a Tmodel or inverse T-model convolution kernel can be used to
design the filters. Then, two line buffers are required to store
input data or intermediate values of filtering. The filter
combining technique can be used to decrease the memory
requirement to one line buffer and computation cost can also
be decreased. The 3×3, cross model and T-model
convolution kernels are shown in Figure 5.

Where S and C are the sharpening and clamp filter
parameters, P’(m, n) is the filtered pixel and P(m, n) is the source
pixel to be filtered by the combined filter. With the combined
filter gain, the results need to be divided once. But, the gain
can be eliminated by a shifter. The computational scheduling
of the combined filter and bilinear interpolator is shown in
Figure 6.

Figure 6: Computational scheduling of the combined filter
and simplified bilinear interpolation.
The combined filter is represented by the pipeline stages 1
and 2 of the computational scheduling. It is composed of
three reconfigurable calculation units (RCU), one multiplier
adder (MA), three adders, four subtracters and three shifters.
The input values to the combined filter are obtained from the
register bank. The vedic multiplier is used to design the MA
circuit.

Figure 5: Weights of convolution kernels (a) 3×3
convolution kernel. (b) cross model convolution kernel. (c)
T-model and inverse T-model convolution kernels.

The reconfigurable calculation unit (RCU) is implemented by
using S and C parameters that can be set by users according
to the image characteristics. The RCU is used to provide
calculation functions of (S-C) and (S-C-1) times of the input
pixel value. It consists of three multiplexers, three adders,
four shifters and a sign block. The block diagram architecture
of the RCU is shown in Figure 7.

The pre-filters can be combined as,
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computation resource of bilinear interpolation. The
simplifying procedure of bilinear interpolation is as follows.
P (k, l) = [ (1-dy) × P (m+1, n) + dy × P (m+1, n+1) ] × dx +
[ (1-dy) × P (m, n) + dy × P (m, n+1) ] (1-dx) (4)
= [ P (m+1, n) + dy × ( P (m+1, n+1) – P (m+1, n) ) ] × dx +
[ P(m, n) + dy × ( P ( m, n+1) - P (m, n) )] (1-dx) (5)
= { [ P(m+1, n) + dy × ( P (m+1, n+1) – P (m+1, n) ) ] –
[ P (m, n) + dy × ( P (m, n+1) – P (m, n) ) ] } × dx
+ [ P (m, n) + dy × ( P (m, n+1) – P (m, n) ) ] (6)
Figure 7: Block diagram for the architecture of RCU
The shifter 1-bit produces two times the input pixel value.
The shifters 2, 3 and 4 –bit produces four, eight and sixteen
times the input pixel values respectively. One of the
multiplexers produces the result by selecting multiples of one
and zero times input value and another produces the result by
selecting multiples of zero and four times the input pixel
value. The third multiplexer produces the result by selecting
the multiples of zero, eight and sixteen times the input pixel
value. The multiplexer outputs are added by adders as shown
in Figure 7. The adder output is fed to the sign block for
producing the sign magnitude value of its input. S and C
parameter values are selected from the Table 1.
Table 1: Parameters and computing resources of RCU

By this simplification procedure, computing resources got
reduced into two multiply, two subtract and two addition
operations. The stage 3, 4, 5 and 6 in the Figure 6 represent
the pipelined architecture of bilinear interpolation that can be
directly mapped to the equation (6). The symmetrical circuit
is the inverse T-model combined filter design that produce P’
(m, n+1). The controller is used to generate the timing signals
used to control the register bank and pipeline stages of
combined filter and bilinear interpolation circuit.

4. Results and Discussion
The modules are modeled using Verilog HDL and simulated
using ModelSim 6.3 III c to verify the functionality of the
design. The image pixel values are obtained by using
MATLAB R2009b. The pixel values are fed to the register
bank. The register bank outputs are fed to the combined filter
and bilinear interpolator to obtain the scaled output pixel
values.
4.1 Simulation Result of Register Bank and Line Buffer
Memory

3.4 Simplified Bilinear Interpolation and Controller
Without losing the visual content, an image from one
resolution can be converted to another resolution by using
image interpolation algorithms. Bilinear interpolation is an
operation that determines the intensity from weighted
average of the four closest pixels to the specified input coordinates and then assigns that value to the output coordinate. Bilinear operation performs linear interpolation first
in one direction and then again in the other direction. Thus it
serves as an image restoring algorithm. The algorithm
requires modest amount of memory. The target pixel P (k, l)
can be calculated as

The register bank is composed of ten shift registers. Along
with the register bank one line buffer memory is used. The
inputs to the module are clock (clk), reset (rst) and image
data (im-data). The normal operation starts when clk = 1 and
rst = 1. The output of lower five shift registers in register
bank, are fed to the line buffer. The line buffer output again
feeds the top five shift registers in the register bank. The
outputs r40, r30, r20, r31, r21, r11, r00 and r10 serves as
input to the combined filter. The simulated waveform of
register bank and line buffer memory is shown in the Figure
8.

P (k, l) = (1-dx) × (1-dy) × P (m, n) + dx × (1-dy) × P (m+1, n) + (1dx) × dy × P (m, n+1) + dx × dy × P (m+1, n+1) (3)
Where dx and dy are scale parameters in horizontal and
vertical directions. P (m, n), P (m+1, n), P (m, n+1) and P(m+1, n+1) are
the four nearest neighbor pixels of the source image.
The computation of output pixel requires eight multiply, four
subtract and three addition operations. To reduce the silicon
cost, algebraic manipulation is used to reduce the
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Figure 8: Simulation result of register bank and line buffer
memory
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4.2 Simulation Result of Combined Filter and Bilinear
Interpolation
To reduce the computation resources, the sharpening spatial
filter and clamp filter that serves as pre-filters prior to bilinear interpolation are combined to form the combined filter.
Bi-linear interpolation is easy to implement in VLSI. Both
these constitute the final stage in the scaling algorithm used.
The inputs to this module are clock (clk), reset (rst), the pixel
values that are obtained from the register bank, S and C
parameters. The output is Pout. The simulated waveform of
combined filter and bi-linear interpolation is shown in Figure
9.

Figure 11: RTL-Schematic of image scaling processor

5. Conclusion
The project explores the design and simulation of the image
scaling processor using VLSI technology. The architecture of
the image scaling processor is of low cost, low memory
requirement, high quality and high performance. The
hardware cost had been reduced by the filter combining
technique, hardware sharing and reconfigurable technique.
The work also focuses to reduce the gate count and noise
cancellation
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ABSTRACT
Silicafume is considered to be the most suitable cementitous material for increasing the strength of mortars. An
optimum percentage of cement has to be replaced with silicafume without affecting the workability. This
optimum percentage of replacement and optimum water content for the mix has to be fixed by conducting
experimental studies. This study deals with the hardened properties of silica fume based cement mortar.
Compressive strength,flexural strength and durability of cement mortar modified with silicafume was determined
in this study.
Keywords – Microstructure, Pozzolonic reaction, Smelting.

I.



II.

III.

INTRODUCTION

Strength and durability of concrete
structures is the ultimate aim of a civil engineer.
Strength and durability of mortars can be attained
through various methods such as; increasing cement
content, adopting better mixes and curing practice,
adding
supplementary
cementing
materials.
Silicafume is considered to be the most suitable
material for increasing the strength of mortars. Silica
fume (SF) is a byproduct of the smelting process in
the silicon and ferrosilicon industry[1]. An optimum
percentage of cement has to be replaced with
silicafume without affecting the workability. This
optimum percentage of replacement and optimum
water content for the mix has to be fixed by
conducting experimental studies. This study deals
with the hardened properties of silica fume modified
cement mortar. Compressive strength,flexural strength
and durability of cement mortar modified with
silicafume was determined.

OBJECTIVE AND SCOPE

To determine the suitability of replacing
cement with silica fume and using quarry sand
as fine aggregate in masonry mortar
 To study the effect of different replacement
levels of silicafume on the strength
development of masonry mortar
 To obtain the optimum replacement level of
silicafume based on strength requirements.
Adopted binder/sand ratio is 1:3 only. Five mixes are
tested. Percentage replacement of cement with
silicafume is 0, 5, 10, 15and 20% .Water/binder ratio
was varied for obtaining a workability of 110±5 for
each mix.

EXPERIMENTAL PROGRAM

1. Materials
1.1.Cement
The cement used for the experiment is
ordinary Portland cement of grade 53.
1.2. Silicafume
Silica fume of specific gravity 2.22 is used.
1.3. Sand
Manufactured sand (Msand) conforming to
zone 2 is used for the specimen preparation.The
fineness modulus of sand is 2.79 and specific gravity
is 2.63.
1.4.Water
Water used is free from impurities. Neutral
water which is of Ph 7 is used for the specimen
preparation.
2. Mix Proportion
All mixes were cast with binder /sand ratio
of 1:3. Cement is replaced with silica fume for each
mix with replacement percentages of 0, 5, 10, 15 and
20.The workability of each mix was fixed as 110±5
and the water/binder ratio was varied accordingly.
The details of mixes and their designations are given
in Table 1.
TABLE 1. DETAILS OF MIXES
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PERCENTAGE
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SF0

1:3

0

0.55

SF5

1:3

5

0.57

SF10

1:3

10

0.64

SF15
SF20

1:3
1:3

15
20

0.72
0.8

3 Testing
3.1.Water Content
Water content for each mix is fixed on the
basis of workability. Workability of each mix was
tested by flow table test .Water content was varied for
obtaining a workability of 110±5 for each mix. The
variation of water content with percentage of silica
fume replacement levels are as shown in fig.1.

IV.
RESULTS AND DISCUSSIONS
1. Water Content
From the results of experiments it was found out that
the addition of silica fume in cement mortar reduced
the workability of the mix in the absence of a water
reducing admixtures. Thus for attaining the optimum
workability the water/binder ratio was increased with
increase in the percentage of silica fume. The water
content for control mix (SF0) was only
330kg/m3.Whereas for SF20 it is 480kg/ m3 .So an
increase in water content of 45.45% is observed.
Since the SF is finer than the cement, the specific
surface increased with increase in SF content, so the
water content increased[5]. The water content
variation with different percentage levels of silica
fume is shown in fig.1.

3.2. Compressive Strength
The compressive strength test was carried
out as per IS: 1727 – 1967[2]. Mortar cubes of size
50x50x50 mm were cast for each mix and tested at the
age of 3 day, 7 day, 28 day and 56 day after water
curing. The results were obtained as shown in fig.2
3.3.Flexural Strength
Flexural test was conducted as per ASTM C
348 – 02[3] .The test was carried out on 40x40x160
mm beam specimens. The beams were cast and tested
after 28 days of water curing. The beam specimens
were tested for flexure under a flexural testing
machine subjected to a four point loading. The
flexural strength was calculated as:
(1)
Where, F is the load (force) at the fracture point, L is
the length of the support (outer) span,
b is width, d is thickness. The results are shown in
fig.3.
3.4. Rapid chloride Penetration Test
This test was conducted to measure the
permeability of mortar specimen[4]. The rate of
chloride ion ingress into concrete is primarily
dependent on the internal pore structure. The pore
structure in turn depends on other factors such as the
mix design, degree of hydration, curing conditions,
use of supplementary cementitious materials, and
construction practices. Hence the test is conducted to
check the durability of mortar made with silica fume.
The test was carried out on discs of diameter 150 mm
and thickness 50 mm as per ASTM C 1202 – 97.The
specimens were tested after 90 days of water curing.
The total charge passed through the specimen during
an interval of 6 hours is found out using the formula:
Q=900(I0+2I1+2I2+….…….In)
(2)
The result is plotted on fig.4.

Fig.1.Variation of water content with silica fume
replacement levels
2. Compressive Strength
The compressive strength of samples was
tested at the age 3 day, 7 day, 28 day and 56 day.
From fig .2 we can infer that when silica fume is
added to concrete, it resulted in a significant change in
the compressive strength of the mix. This is mainly
due to the aggregate-paste bond improvement and
enhanced microstructure. The addition of silica fume
to mortar resulted in an improved bond between the
hydrated cement matrix and sand in the mix, hence
increasing strength[6]. This improved bond is due to
the conversion of the calcium hydroxide, which tends
to form on the surface of aggregate particles, into
calcium silicate hydrate due to the presence of
reactive silica. Of the five mixes SF10 showed
maximum compressive strength with an increase of
50.1% at 28 day and 45.5% at 56 day than SF0. The
increase in strength for SF15 and SF20 was found to
be 31.8% and 1.4% for the 28th day compared to
control one. From fig.2 we can infer that silica fume
did not produce an immediate strength enhancement;
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instead, the blended mixtures only achieved higher
strength than the control from 7 days onwards.
Strength loss in the early ages, was probably due to
the dilution effect of the pozzolan and as well as the
slow nature of pozzolanic reaction[7]. The decrease in
strength for SF15 and SF20 when compared with
SF10 was attributed to the high increase in w/b ratio
of the mix.

addition of silica fume cause considerable pore
refinement i.e. transformation of bigger pores into
smaller one due to their pozzolanic reaction
concurrent with cement hydration.

Fig.4.Variation of chloride passed with percentage of
silica fume
Fig.2.Variation of Compressive strength with age
3. Flexural Strength
The flexural strength of beams was found out
after 28 days of water curing. The flexural strength of
SF10 is found to be the maximum compared to the
other mixes. Flexural strength of SF5, SF15 and SF20
was less than the control one. This may be attributed
to their high water /binder ratio. The flexural strength
of SF10 showed an increase of 5.38% compared to the
control one (SF0).The variation of flexural strength
with different percentage replacement levels of
silicafume at 28 day
is shown in fig.3.

Fig.3.Variation of flexural strength with silica fume
replacement level at 28 day
4. Permeability
The permeability of samples was checked
using Rapid Chloride Permeability Test (RCPT) after
90 days of water curing. Significant reduction in the
chloride-ion diffusion in silica fume mortars was
observed and it further decreased with increasing
addition of silica fume as shown in Fig.4. Main reason
that could be attributed to reduced permeability is that

V.

CONCLUSION

The strength studies show that silica fume
mortar improved many properties such as
compressive
strength,
flexural
strength,
permeability etc. It was inferred that for attaining
workability for silica fume incorporated mortars, the
water/binder ratio has to be increased with increase in
percentage of silica fume replacement. Thus silica
fume mortars demands high water /binder ratio than
the normal mortar[8]. Of the five mixes investigated
SF10 showed maximum compressive strength with an
increase of 50.1% at 28 day and 45.5% at 56 day than
SF0. The increase in strength for SF15 and SF20 was
found to be 31.8% and 1.4% for the 28 th day
compared to control one. Thus the optimum
percentage of cement replacement with silica fume is
found to be 10%.The increase in strength is mainly
due to the aggregate-paste bond improvement and
enhanced microstructure. The reason for low strength
in the mixes SF15 and SF20, compared to SF10 is
attributed to the high water/binder ratio. The results
also showed that silica fume did not produce an
immediate strength enhancement; instead, the blended
mixtures only achieved higher strength than the
control from 7 days onwards. Strength loss in the
early ages, was probably due to the dilution effect of
the pozzolan and as well as the slow nature of
pozzolanic reaction. The flexural strength was tested
at the age of 28 days. The flexural strength of SF10
showed maximum strength with an increase of 5.38%
compared to the control one (SF0). For other mixes
the flexural strength reduced. The permeability of
silica fume mortar was tested using Rapid Chloride
Permeability Test (RCPT).The results showed that all
mixes containing silica fume has high resistance to
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chloride penetration and hence showed very low
permeability. From the results we can conclude that
silica fume is a suitable supplementary cementitious
material which can improve many properties of
mortars such as compressive strength, flexural
strength, permeability etc.
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ABSTRACT: In the near future, some fuel cell systems could be an accessible and attractive alternative to conventional
electricity generation. Renewable energy systems have developed wide interest to supply electricity in remote areas as well
as for distributed power generation particularly during peak loads. Fuel-cell-based power generation is also gaining
popularity in residential applications as well as distributed power generation due to its cleanliness, portability, and
suitability for electricity and heat generation. Development of a suitable power electronic interface to make the technology
viable is still a challenge. This paper presents modeling, simulation, and experimental study of a fuel cell (FC) power plant
(FCPP) suitable for stand-alone application as well as for micro grid/ grid interface using different controllers like PI
Controller, PID Controller and Fuzzy Logic Controllers. A single-stage pulse width modulation inverter is selected as
power electronic interface between FC and grid. A mathematical model is developed in per unit system to define the power
limits in terms of FC, converter, and power system parameters. The simulation model is developed in MATLAB
environment with control scheme implementation in qd reference frame for investigation. A comparative assessment of the
three different controllers is brought out.
Keywords: Distributed generation, fuel cell (FC), grid interface, power conditioning unit, power quality, pulse width
modulation (PWM) inverter, stand-alone system.

I INTRODUCTION
Rapid growth in energy consumption during the last century on the one hand, and limited resources of energy on the other,
has caused many concerns and issues today. Although the conventional sources of energy, such as fossil fuels, are currently
available in vast quantities, however they are not unlimited and sooner or later will vanish. Moreover, environmental
concerns, such as global warming, are becoming increasingly serious, and require significant attention and planning.
Renewable energy sources are the answer to these needs and concerns, since they are available as long as the sun is
burning, and because they are sustainable as they have no or little impact on the environment. One technology which can be
based upon sustainable sources of energy is fuel cell.
Fuel cells are devices that directly convert the chemical energy stored in some fuels into electrical energy and heat. The
preferred fuel for many fuel cells is hydrogen, and hydrogen fuel is a renewable source. of energy; hence fuel cell
technology has received a considerable attention in recent years.
Since the FC delivers dc power, it must be inverted and stepped up to be able to use for household applications as well
as for distributed generation. Another serious problem with FC is that its voltage decreases almost linearly with the increase
in load current; hence, output voltage must be regulated at a desired level. Therefore, a suitable power electronic interface is
required between FC and load/grid, with the capabilities of FC voltage regulation, output voltage matching, and galvanic
isolation between FC and load/grid.
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The aforementioned tasks can be achieved either by connecting a dc–dc converter with voltage gain to the FC
followed by a dc/ac inverter or by directly connecting an inverter to the FC followed by a step-up transformer as shown in
Fig. 1. Several topologies of switched-mode dc–dc converter followed by inverter are proposed and compared based on
their performance [8]–[14]. A switched-mode dc–dc converter is preferred to limit the size and cost of the system followed
by a grid-connected inverter [8]. A current-fed dc–dc converter is preferred over a voltage-fed dc–dc converter as the
former requires reduced input filtering. A push–pull dc–dc converter is selected with voltage gain [8], [10], [11] to reduce
the switch conduction losses. However, its use is restricted to low- and medium-power applications. Full-bridge topology is
preferred for high-power applications as push–pull topologies have a serious problem of center tap termination, which tends
to cause saturation of the transformer at high-power levels [9]. However, a full-bridge topology requires more switches but
of half rating, which is more economical and efficient [9], [12], [13].
All these topologies discussed earlier use multiple-stage conversion to deal with the aforementioned challenges, which
results in large component count and, therefore, poor reliability, additional cost, and low efficiency. In addition to this,
energy storage devices such as battery and ultra capacitors are also needed at various stages [9], [10] either to supply
auxiliaries or to improve the slow transient response of the FC.
Direct connection of dc/ac inverter to the FC with ac gain has only one conversion stage [15]. This topology offers
the advantages of least component count and low losses. Also, single conversion facilitates reverse power flow from grid
particularly during start-up to supply the auxiliaries. The step-up transformer provides the isolation between FC and load as
well. Grid interface of renewable power sources like FC is one of the probable area of research particularly during peak
loads [16]. However, complete design, mathematical modeling, and implementation of control scheme are some of the
issues that need more focused attention.
This paper presents modeling and simulation of a single stage power electronic interface between FC and load/grid. A
mathematical model of the FC-based power supply system is developed in qd0 reference frame in terms of FC, converter,
and power system parameters. This model is used to define the active and reactive power limits, which can be supplied by
the system to facilitate grid interface. The model is developed in per unit (p.u.) system which can be further extended for
grid connected environment. The topology selected can also be used for bidirectional conversion to supply the auxiliaries
from the grid initially for start-up. A Nexa™ proton exchange membrane (PEM) FC of 1.2 kW is considered for the design
and study. The I–V characteristics of the FC are obtained considering the effect of temperature and hydrogen pressure.
After comparing the simulated characteristics with experimentally obtained I–V characteristics, a simplified model of FC is
developed based on its practical characteristic in linear region. The simulation model is developed in MATLAB–Simulink
and Sim Power- Systems environment. Control scheme is implemented in qd0 stationary reference frame, and various
simulation results are presented in steady state as well as during transients.
II FUEL CELL
Proton Exchange Membrane fuel cells (PEMFC) are electrochemical energy conversion devices that convert the
chemical energy of supplied reactants (hydrogen and oxygen) into electricity. To summarize the operation simply, reactant
gases are supplied to both electrodes of the fuel cell via the channels, the gas diffusion layer facilitates even distribution to
the catalyst-coated membrane, and the catalyst accelerates the oxidation and reduction of the reactants, which are the
primary reactions desired for fuel cell operation as shown in Figure 1 .
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Figure:.1 Schematic representation of fuel cell chemistry.
The oxidation on the anode side of the membrane releases two electrons, which then traverse the circuit to satisfy the
load required of the cell, while the remaining protons (H +) travel through the membrane to the cathode side. The O 2
reduction on the cathode side splits the oxygen molecule, which then joins with the electrons completing the circuit and the
protons from the membrane to form product water H 2O
A Reactions in Fuel cell
The reactions in a fuel cell are
Anode Reaction:
2H2+2O2................................................................... >2H2O+4e-

(3.1)

Cathode Reaction
O2+4e...........................................................................>2O2

(3.2)

Overall Reaction
2H2+O2……………………………………………>2H2O

(3.3)

B Advantages of fuel cells
1. They transforms the fuel chemical energy into electric power with 60% efficiency which is considered to be twice that
of traditional generating stations.
2. The absence of moving parts in fuel cell’s operation, expect for air blowers (for O 2) and (for H2) and /or water pumps,
result in very low noise levels, relatively higher efficiency and emits lower air pollutants.
3. No combustion is involved in the fuel cell operation that make it environmental friendly generation with approximately
negligible emission of CO2.
C Disadvantages of fuel cells
The main disadvantage of fuel cell is that aging of fuel cell causes the internal impedance to increase slowly and
therefore in order to regulate the output voltage a power electronic interface is required, which increases the cost.
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III FUEL CELL POWER SUPPLY SYSTEM
The single-line diagram of the proposed single-stage FC based power supply system is shown in Fig. 3.2. A single-stage
PWM inverter followed by a low-pass filter is used with a Nexa™ PEM FC. Since FC operates in low voltage range (2θ–48
V) and load/grid voltage is relatively high (415Vrms), a step-up transformer is used to meet the desired voltage level. It also
provides the isolation between FC and load.

Figure: 2 Single line diagram of Fuel cell power plant
IV SYSTEM DESIGN
A FC Model
The performance of the FC is improved by thermodynamics and electrical efficiency of the system. The
thermodynamic efficiency depends upon the fuel processing, water management, and temperature control of the system.
However, the electrical efficiency depends on the various losses over the FCs like ohmic loss, activation loss, and
concentration loss. In reality, the FCs differ in terms of characteristics, material used in construction, and their suitability of
applications. Hence, the development of an accurate FC model is very important. PEM FC models are reported in the
literature based on the thermodynamic and electrochemical equations . A mathematical approach is presented for building a
dynamic model for a PEM fuel-cell stack. To simplify the analysis, the following assumptions are made
a)Ideal and uniformly distributed gases,
b) Constant pressures in the fuel-cell gas flow channels,
c) The fuel is humidified and the oxidant is humidified air. Assume the effective anode water vapour pressure is 50% of the
saturated vapour pressure while the effective cathode water pressure is 100%.
d) The fuel cell works under 100 0C and the reaction product is in liquid phase.
e) Thermodynamic properties are evaluated at the average stack temperature, temperature variations across the stack are
neglected, and the overall specific heat capacity of the stack is assumed to be a constant.
f) A fuel cell stack is represented by combining parameters for individual cells .
The proportional relationship of the flow of gas through a valve with its partial pressure can be expressed as
(3.4)

= KH2

(3.5)

= KH2O
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For hydrogen, there are three relevant contributions to the hydrogen molar flow: the input flow, the flow that takes part in
the reaction and the output flow. The relationship among these factors can be written as:
=

(

in

-

out

-

r

)

(3.6)

According to the basic electrochemical relationship between the hydrogen flow and the stack current can be written as :
=

= 2KrIFC

(3.7)

The polarization curve for the PEM fuel cell is obtained from the sum of the Nernst’s voltage, the activation over voltage
act, and the ohmic over voltage ohmic. Assuming constant temperature and oxygen concentration, the fuel cell output
voltage may be expressed as
Vcell=E+

act+ ohmic

(3.8)

The FC stack voltage under loaded condition (Vdc_stack) is a function of activation loss (Vact), concentration loss (Vcon), and
ohmic loss (Vohmic) and is given by Nernst equation:
Vdc_stack = Vopen − Vohmic − Vact − Vcon.

(3.9)

Based on this, a dynamic model of Ballard 1.2-kW FC is developed in MATLAB/Simulink . It can be seen that, at low
current level, the ohmic loss becomes less significant and the increase in output voltage is mainly due to activity of
slowness of chemical reactions. At very high current density, the voltage fall down significantly because of the reduction of
gas exchange efficiency. This is mainly due to over flooding of water in catalyst. Intermediate between the active region
and concentration region, there is a linear slope which is Figure.3

Figure: 3.Polarisation characteristics of fuel cell
It has been observed that the FC can be operated dramatically within the linear region by changing the internal
resistance offered by the FC stack under different loading conditions at different temperatures and hydrogen pressures. The
experimentally measured output characteristic of the Nexa™ FC is that the characteristics are almost linear. In general, at
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the rated power (the net output power is around 1.2 kW), the output voltage ranges from 26 to 29 V at the beginning of life,
and the current is around 45A. Therefore, the FC output characteristics can be linearized. The linearized equation is given
by
Vfc_lin = V0_lin − Rin_linIfc

(3.10)

where Vfc_lin is the linearized output voltage, V0_lin is the linearized voltage without the load (V0_lin = 39 V), Rin_lin is the
linearized internal resistance (Rin_lin = Rfc = 0.24 Ω), and Ifc is the FC current. Therefore, the static equivalent internal
resistance might be considered as 0.24 Ω. Based on the linearized FC characteristics, the output voltage range is considered
herein as 36–2θ V with an internal resistance of 0.24 Ω, to define the lower and upper power limits with minimum loading
of 360 W (10 A) to maximum loading of 1170 W (45 A).
B Simplified Model
The simplified model represents a particular fuel cell stack operating at nominal conditions of temperature and
pressure. A diode is used to prevent the flow of negative current into the stack. This model is based on the equivalent circuit
of a fuel cell stack shown in Figure.4.

Figure:.4.Equivalent circuit of fuel cell stack
C Filter Design
An LC filter is connected before the step-up transformer to filter out the harmonics present in the inverter output. For a
switching frequency around 4860 Hz , the lowest order harmonic available in the inverter output voltage is in the range of
4740 Hz. Therefore, the cutoff frequency of LC filter can be selected as 1200 Hz, which is 20 times greater than the
fundamental frequency and almost four times lower than the switching frequency (4860 Hz), so as not to attenuate the
fundamental frequency. The resonance frequency can be expressed as
fC =1/2π√LfCf= 1200 Hz.

(3.11)

Based on the aforementioned expression, different combinations of filter components are taken. Considering a cutoff
frequency of 1200 Hz, Q factor of 30, THDV and THDI that are less than 5%, and inductor power loss < 1%.
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D Mathematical Modeling
An FCPP consists of an FC stack and a power conditioning unit as discussed earlier. Generally, for simplicity of
calculation, the transformation of three-phase quantities is done into the two-phase quantities. This gives reduction in
sensing circuits in real-time work. Therefore, the three-phase stationary circuit elements fabc are transformed to the
arbitrary reference frame fqd0 . Hence, the mathematical model of the FCPP is developed using dq reference frame to study
the static and dynamic characteristics. The model is developed in p.u. system to generalize the system for any rating . The
single-line diagram of the FCPP representing a three phase, symmetrical, and balanced steady-state system is shown in Fig.
2 . The utility grid is represented by an infinite bus with a constant voltage source (Vs , fs) with short circuit impedance Zs .
The FC is represented by a constant voltage source Efc with internal resistance Rfc. The converter is considered to be
lossless. ZT and Zf are the impedances of transformer and filter inductor, respectively. Bus T is the FCPP interface bus to
the grid.
D Selection of P.U. Values
AC-Side Base Values
The FC nominal power expressed in volt amperes is selected as the base power for the purpose of defining the base p.u.
values. RMS values of the rated phase voltage are generally selected as the base voltage for abc variables, whereas peak
values are selected for qd variables . However, as the p.u. values remain the same in both systems, the rms value of line-toneutral voltage is preferred here to normalize the voltage, as system variables are generally defined in rms values. The
fundamental rated frequency is considered as the base frequency. All other base values are derived from the aforementioned
independent base values given hereinafter
base VA

Sb =Pnomfc [VA]

(3.12)

base voltage

Vb,ac =V nomrms(LN) [V]

(3.13)

base current

Ib, ac =Sb/3Vb, ac[A]

(3.14)

base impedance Zb =Vb,ac/Ib,ac=3V2b,ac/Sb[Ω].

(3.15)

FC Base Values
The proposed FC base quantities (dc) are derived from the voltage source converter with SPWM modulation. The ac-side
line-to-neutral rms voltage is proportional to the dc-side FC voltage as
Vrmsac,LN =1/2√2maVdc

(3.16)

where ma is the amplitude modulation .
Assuming a lossless converter, FC base voltage and current can be obtained by equating the powers at ac and dc sides of
the inverter, operating at unity power factor (cos∅ = 1) and ma = 1, as
Pac =3VacIaccosφ = VdcIdc = Pdc

(3.17)

Vb,fc =Vdc = 2√2Vac [V] Ib,fc =3/2√2Iac [A].

(3.18)

E Steady-State Model of FCPP
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Inverter-Side (AC Side) Equations
The steady-state model of FCPP is developed in qd reference frame to define the power limits in terms of converter and FC
parameters. The symmetrical, balanced, and three-phase voltages at converter, transformer, and utility bus C, T, and S, can
be expressed as
vi ,abc =[vi ,a vi ,b vi ,c ] Ti∈[C,T,S]

(3.19)

=Vi[cos(ωit+θi0)cos(ωit+θi0−2π/3)cos(ωit+θi0+2π/3)] Ti∈[C,T,S]
where VC , VT , and
VS are the amplitudes, ωC = ωT = ωS =ωe are the synchronous frequencies, C0 , T0 , and S0 are the initial angular
displacements at buses C, T, and S, respectively, and the matrix superscript T denotes the matrix transpose. Equation (3.19)
can be transformed into an arbitrary dqo reference frame rotating synchronously (ω = ωe) having initial angular
displacement 0
vi ,qd0 =[vi ,q vi ,d vi ,0] Ti∈[C,T,S]

=Vi [cos(θi0−θ0) − sin(θi0 − θ0) 0] T .

(3.20)

The zero component does not exist in a symmetrical system; thus, (3.20) can be written in converter’s qd reference frame
(ω = ωC ) as
vCqd =[VC 0] T

(3.21)

vCSqd = [VS cosδCS VS sinδCS ] T

(3.22)

where δCS = θC0 − θS0.
Voltage at bus C can be expressed as a function of the voltage at the bus S, current, and system impedance expressed in the
converter’s qd reference frame
vCqd=Zdqidq+vCSqd

(3.23)

The current can be expressed in the converter’s qd reference frame as
[ ]= [

]

(3.24)

where R = RT + RS , X = XT + XS , Z =√

and γ = π/2− tan−1 X/R .

Power at the converter bus C can be expressed as
[

]=[

[

]= [

][ ]

(3.25)

On putting iq and id from (3.24), active and reactive powers at converter bus can be expressed
-
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If the ratio X/R is large (>10), γ → 0; thus, (3.26) can be simplified to
[

]= [

]

(3.27)

Equation (3.27) is known as power expressions for sending and receiving end nodes interconnected with the impedance Z
or reactance X, respectively.
FC-Side (DC Side) Equations:
As validated above from the approximate linearized equivalent circuit, the FC voltage can be expressed in terms of FC
current and resistance as
Vfc = Efc − Rfcifc

(3.28)

where Efc and Rfc are constant for an operating condition. Equation (3.28) is valid for ifc ∈ [0, ifc,max], for ifc ≥ ifc,max,
Vfc → 0.

As the converter’s switching frequency is very high as compared to fundamental frequency, the fast average value of the
converter voltage ˆvC,abc can be defined as the average value over the switching period, in terms of the modulation index
“ma” and dc-side voltage Vfc
ˆvC,abc =vC,abc
=maVfc[cos(θC )cos(θC−2π/3)cos(θC+2π/3)] T

(3.29)

The fast average converter voltage can be expressed in the converter’s qd reference frame (ω = ωC ) by dropping the
superscriptˆfor simplicity
=[

]

[ ]

[

]

(3.30)

Assuming a lossless converter, active power is equal on both sides of the converter
PC =Pfc
i.e. ma Vfc ifc =Vfcifc

(3.31)

or ifc =maiq.

(3.32)

Power Equations in Terms of System Parameters:
The active and reactive powers at converter bus “C” can be expressed as
[

]=[

]=[
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[

]=[

]

(3.34)

Active and reactive powers converter bus “C” (PC ,QC , VC ) can be expressed as a function of the system variables—FC
(Rfc, Efc), converter (Rfc, Efc), filter and transformer (Zf , ZT ), and utility (VS , ZS ) . Active and reactive powers delivered
and voltage regulation of the FC system are dependent on the total system impedance as well as the relative strength of the
connected utility grid. The aforementioned equations can be simplified to evaluate the effects of power system parameters
neglecting the system resistance . Above said equations can be used to study the effect of power system and FC parameters
on power flow. Although the maximum power flow PCmax is a function of both the FC and the power system parameters for
grid-connected environment (similar to power–angle characteristics of the system with two active ac sources), in this case,
it is limited only by the FC parameters Efc and Rfc.
V CONVERTER TOPOLOGY AND CONTROL SCHEME
A Basic Scheme and Power Converter Topology
The single-line diagram of the proposed single-stage fuel cell based power supply system is shown in Fig.2. A singlestage PWM inverter followed by a low-pass filter is used with a 1.2-kW 48-V Nexa™ PEM FC. Since FC operates in low
voltage range (26–48 V) and load/grid voltage is relatively high a step-up transformer is used to meet the desired voltage
level. It also provides the isolation between FC and load.
A single-bus six-switch voltage source PWM bridge converter used for dc–ac conversion is preferred here for threephase application suitable for grid interface. The bridge uses six MOSFET switches at low voltage level , which is
economical and efficient. The sinusoidal PWM (SPWM) switching is preferred here which minimizes the passive
components; however, it requires high speed switching devices and more complex control efforts, which is not a challenge
with the availability of high-frequency power semiconductor devices and modern control tools like fast digital signal
processors.
A low-pass LC filter is used at the PWM inverter output to achieve better harmonic reduction in the phase current and
inverter output voltage. Inverter-side placement of filter results in high current rating of the filter inductor, whereas
capacitors are rated at a reduced voltage. As the load increases, FC voltage decreases. In order to operate the FC efficiently,
the flow rate of hydrogen must be adjusted with the change in load. However, depending on the type of FC system, this
flow change is a very slow process and has time constant as large as 30 s Therefore, some type of energy storage is
required.
Series of batteries can be placed across the FC stack but require additional circuitry for regulated dc bus. Also, numbers
of cells in series are not only expensive but have a short life time and require costly battery management system for safe
operation [9], [10]. Use of a capacitor/ultra capacitor is a viable alternative to batteries. Capacitors have a wider voltage
range and can be placed in parallel across the FC without any additional circuitry. Ultra capacitors have a specific energy
density less than that of a battery, but a specific power greater than a battery. Ultra capacitors can hold the charge over
extended periods of time. Unlike batteries, ultra capacitors have a short charge time and much longer lifetime. However,
availability and cost are considerable issues.
B Control Strategy
As the FC voltage is usually very small, around 1.2 V, it becomes necessary to stack many cells that need to be connected
in cascaded series and parallel form to increase its power capacity. A typical FC polarization characteristic is shown in Fig.
3. It is observed that a linear region exists where FC voltage drops as the current density increases due to its ohmic nature.
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This region is observed mainly due to internal resistance offered by various components, called ohmic polarization. At low
current level, the ohmic loss becomes less significant; the increase in output voltage is mainly due to activity of the
chemical reactions (time taken for warm-up period). Thus, this region is also called active polarization. At very high current
density, the voltage fall down significantly because of the reduction of gas exchange efficiency; it is mainly due to over
flooding of waters in catalyst, and this region is also called concentration polarization . This reduction in the FC voltage
with increase in current drawn (output power), keeping constant the hydrogen flow rate, can be regulated by controlling the
modulation index (ma) of the PWM inverter as shown by
Vac = ma · Vdc∠δ

(4.1)

where Vac is the ac output voltage, Vdc is the FC output voltage, ma is the inverter modulation index, and δ is the inverter
phase angle .
As control of magnitude of the output voltage is not enough to meet the active power requirement of the load, the phase
angle of the inverter “δ” should also be controlled. These two variables (ma and δ) are used to control the transient power
adjustments. Hydrogen flow rate must be adjusted to control the steady-state power requirement. Output voltage is
compared to the reference voltage command to control the modulation index “ma” , which ultimately regulates the inverter
output voltage and reactive power flow as well. In order to control the reactive power flow in grid-connected environment,
voltage is compared with the reference voltage and processed in proportional–integral (PI) controller,PID and Fuzzy Logic
Controller to control the inverter output voltage.
VI SIMULATION RESULTS
The simulation model for the control of converter parameters (ma and δ) in closed loop is developed in MATLAB
environment. The FC voltage is applied to the MOSFET inverter through a dc link capacitor. The MOSFET inverter is
controlled using SPWM at 4.86-kHz carrier frequency. The circuit is discretized at a sample time of 1 μs . The output of
PWM inverter is applied to a step-up transformer after filtering. The load voltage is regulated at 1 p.u. (415 Vrms) by
PI,PID and fuzzy voltage regulator using abc-to-dq and dq-to-abc transformations. The output of the voltage regulator is
multiplied by the reference sine vector to generate the three modulating signals used by the PWM generator to generate the
firing pulses.
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Figure:5Three phase output voltage after filtering with PI controller.
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Figure:6 Three phase output voltage after filtering with PID controller.
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Figure:7 . Three phase output voltage after filtering with Fuzzy Logic Controller.
VII COMPARISON BETWEEN THREE CONTROL STRATEGIES
Results of two control schemes are summarized in the table below. From the table we can conclude that % THD reduces
more with Fuzzy logic controller. With PI controller THD is reduced from 83.72% to 1.77% after filtering. With PID
controller THD is reduced from 99.88% to 1.14% after filtering . With fuzzy controller THD is reduced from 89.88% to
0.47% after filtering .Settling time is also minimum with Fuzzy logic controller.
SL NO

ControllerUsed

THD(%)

Settling Time(s)

1

PI Controller

1.77

0.15

2

PID Controller

1.14

0.07

3

Fuzzy Controller

0.47

0.01

Comparison of Results Using FFT Analysis
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FFT analysis using PI controller

FFT analysis using PID controller
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FFT analysis using Fuzzy Logic Controllers

Comparision Of Results Using FFT Analysis
SL NO:

Controllers Used

THD(%)

1

PI Controller

2.82

2

PID Controller

1.65

3

Fuzzy Controller

0.48

VIII CONCLUSION
The proposed single-stage power electronic interface regulates the variation in FC voltage for a corresponding change in
load by changing the modulation index and phase angle. The THD values of output voltage is maintained 0.47% using
fuzzy logic controller, making the system suitable for grid interface/standalone use. Based on the simulation it can be
concluded that the modulation index adjusts to account the FC drooping characteristics for any variation in load with
significantly good transient response. Also, the inverter output voltage is synchronized with grid voltage making the system
suitable for grid interface. It can be concluded that fuzzy logic controller is the best controller for the system as THD can be
reduced from a high value to a low value after filtering and settling time is minimum.
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