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Realization of Aging Aware Reliable Multiplier Design Using Verilog
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Abstract

Digital multipliers are among the most critical arithmetic functional units. The overall performance
of these systems depends on the throughput of the multiplier. Meanwhile, the negative bias temperature
instability effect occurs when a PMOS transistor is under negative bias (Vgs = “Vdd), increasing the threshold
voltage of the PMOS transistor , and reducing multiplier speed. The similar phenomenon , positive bias
temperature instability, occurs when an NMOS transistor is under positive bias. Both effects degrade transistor
speed, and in the long term, the system may fail due to timing violations. Therefore, it is important to design
reliable high-performance multipliers. In this paper, we propose an aging-aware multiplier design with a
novel adaptive hold logic (AHL) circuit. The multiplier is able to provide higher throughput through the
variable latency and can adjust the AHL circuit to mitigate performance degradation that is due to the
aging effect. Moreover, the proposed architecture can be applied to a column- or row-bypassing
multiplier. The experimental results show that proposed architecture can attain performance improvement.

Keywords: Adaptive hold logic (AHL), Column By-Passing Multiplier(CBPM), Row By-Passing

Multiplier(RBPM), Variable latency.

1. INTRODUCTION

Multipliers are key components of many high
performance systems such as FIR filters,
microprocessors, digital signal processors, etc. A system’s
performanceis generally determined by the performance
of the multiplier because the multiplier is generally the
slowest clement in the system. Furthermore, it is
generally the most area consuming. Hence, optimizing
the speed and area of the multiplier is a major design
issue. However, area and speed are usually conflicting
constraints so that improving speed results mostly in
larger areas. Asaresult, awhole spectrum of multipliers
with different area-speed constraints have been designed
with fully paralel. Multipliersat one end of the spectrum
and fully serial multipliers at the other end. In between,
the digit seria multipliers wheresingle digitsconsisting
of several bits are operated on. These multipliers have
moderate performance in both speed and area Power
dissipationisrecognized asacritica parameter in modern
VLSl designfield. To satisfy Moore’s law and to produce
consumer electronics goods with more backup and less
weight, low power VLS| design is necessary. Dynamic
power dissipation which isthe major part of total power
dissipation is due to the charging and discharging
capacitancein the circuit.

Fast multipliers are essential parts of digital signal
processing systems. The speed of multiply operationis
of great importancein digital signal processing aswell
as in the general purpose processors today, especially
since the media processing took off. In the past
multiplication was generally implemented viaa sequence
of addition, subtraction, and shift operations.
Multiplication can be considered as a series of repeated
additions. The number to be added is the multiplicand,
the number of timesthat it isadded isthe multiplier, and
theresult isthe product. Each step of addition generates
apartia product.

The basic multiplication principle is two fold i.e,
evaluation of partial products and accumulation of the
shifted partial products. It is performed by the successive
additions of the columns of the shifted partial product
matrix. The ‘multiplier’ is successfully shifted and gates
the appropriate bit of the ‘multiplicand’. The delayed,
gated instance of the multiplicand must all bein the
same column of the shifted partial product matrix. They
are then added to form the product bit for the particul ar
form. Multiplication is therefore a multi operand
operation.

IJEST Vol.10 No.1 January - June 2016
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1.1 Methods and Performances

There are number of techniques that to perform
binary multiplication. In generd, the choiceisbased upon
factors such as latency, throughput, area, and design
complexity. More efficient parallel approach uses some
sort of array or tree of full adders to sum partial
products. Array multiplier, Booth Multiplier and Wallace
Tree multipliers are some of the standard approachesto
have hardware implementation of binary multiplier
which aresuitable for VLS| implementation at CMOS
leve.

1.1.1 Array Multiplier

Array multiplier is an efficient layout of a
combinational multiplier. Multiplication of two binary
number can be obtained with one micro-operation by
using acombinational circuit that formsthe product bit
al at once thus making it afast way of multiplying two
numbers since only delay is the time for the signadsto
propagate through the gates that formsthe multiplication

array.

In array multiplier, consider two binary numbers A
and B, of mand n bits. There are mn summands that are
produced in paralel by a set of mn AND gates. n x n
multiplier requiresn (n-2) full adders, n half-adders and
n“ AND gates. Also, in array multiplier worst case delay
would be (2n+1) td.

Array Multiplier gives more power consumption as
well as optimum number of components required, but
delay for thismultiplier islarger. It aso requires larger
number of gates because of which area is also
increased; dueto thisarray multiplier isless economical.
Thus, it is afast multiplier but hardware complexity is
high.

< e
=l |
L5 &

Fig.1Array multlpher
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2. EXISTING SCHEME

Digital multipliers are among the most critical
arithmetic functional unitsin many applications, such as
the Fourier transform, discrete cosine transforms, and
digital filtering. The throughput of these applications
dependson multipliers, and if the multipliersaretoo slow,
the performance of entire circuits will be reduced.
Furthermore, negative bias temperature instability
(NBTI) occurs when PMOS transistor is under -ve bias
(Vgs = “vdd).

In this situation, the interaction between inversion
layer holes and hydrogen-passivated Si atoms breaksthe
Si—H bond generated during the oxidation process,
generating H or H2 molecules. When these molecules
diffuse away, interface traps are left. The accumulated
interface traps between silicon and the gate oxide
interface result in increased threshold voltage (Vth),
reducing the circuit switching speed. When the biased
voltageisremoved, the reverse reaction occurs, reducing
the NBTI effect. However, the reverse reaction does
not eliminate all the interface traps generated during the
stress phase, and Vithisincreased inthelongterm. Hence,
it is important to design a reliable high-performance
multiplier.

2.1 Column-Bypassing Multiplier

A column-bypassing multiplier is an improvement
on the normal array multiplier (AM). The AM isafast
paralel AM andisshowninFig. 1. Themultiplier array
consists of (n “ 1) rows of carry save adder (CSA), in
which each row contains (n “ 1) full adder (FA) célls.
Each FA in the CSA array has two outputs:

1) the sum bit goes down and
2) the carry bit goesto the lower left F

The FAsin the AM are aways active regardless
of input states. A low-power column-bypassing
multiplier design is proposed in which the FA operations
are disabled if the corresponding bit in the multiplicand
is 0. Figureshows a 4 x 4 column-bypassing multiplier.
Supposing theinputs are 10102 * 11112, it can be seen
that for the FAsin the first and third diagonals, two of
the three input bits are 0: the carry bit from its upper
right FA and the partial product ai bi . Therefore, the
output of the addersin both diagona sis 0, and the output
sum bit is simply equal to the third bit, which isthe sum
output of its upper FA. Hence, the FA ismodified to add
two tristate gates and one multiplexer.
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Themultiplicand bit ai can be used as the sel ector of
the multiplexer to decide the output of the FA, and ai
can also be used as the selector of the tristate gate to
turn off theinput path of the FA. If ai is0, theinputs of
FA are disabled, and the sum bit of the current FA is
egual to the sum bit fromits upper FA, thus reducing the
power consumption of themultiplier. If ai is 1, thenormal
sum result is selected. More details for the column-
bypassing multiplier can befound.

2.2 Row-Bypassing M ultiplier

A low-power row-bypassing multiplier is also
proposed to reduce the activity power of the AM. The
operation of the low-power row-bypassing multiplieris
similar to that of the low-power column-bypassing
multiplier, but the selector of the multiplexers and the
tristate gates use the multiplicator.
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Fig.2 Row-By Passing Multiplier

In a4 x 4 row-bypassing multiplier each input is
connected to an FA through a tristate gate. When the
inputsare 11112 * 10012, thetwo inputsinthefirst and
second rows are O for FAs. Because bl is 0, the
multiplexersin the first row select ai b0 as the sum bit
and select 0 asthe carry bit. Theinputs are bypassed to
FAs in the second rows, and the tristate gates turn off
the input paths to the FAs. Therefore, no switching
activities occur in the first-row FAs; in return, power
consumption is reduced. Similarly, because b2 is 0, no
switching activities will occur in the second-row FAs.
However, the FAsmust be activein thethird row because
the b3 is not zero. More details for the row-bypassing
multiplier canalso befound in Row By passing Multiplier.

3. PROPOSED SCHEME

The multiplier is based on the variable-latency
technique and can adjust the AHL circuit to achieve

reliable operation under theinfluence of NBTI and PBTI
effects. To be specific, the contributions of this paper
are summarized as follows: 1) novel variable-latency
multiplier architecture with an AHL circuit. The AHL
circuit can decide whether theinput patternsrequire one
or two cyclesand can adjust thejudging criteriato ensure
that there isminimum performance degradation after
considerable aging occurs; 2) comprehensiveanalysis
and comparison of the multiplier’s performance under
different cycle periods to show the effectiveness of our
proposed architecture; 3) an aging-aware reliable
multiplier design method that is suitable for large
multipliers. Although the experiment is performed in
16- and 32-bit multipliers, our proposed architecture can
be easily extended to large designs;.

3.1Proposed Aging-AwareM ultiplier

Proposed aging-aware multiplier architecture, which
includes two m-bit inputs (mis apositive number), one
2m-bit output, one column- or row-bypassing multiplier,
2m 1-bit Razor flip-flops, and an AHL circuit.
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Fig. 3 Proposed architecture (md means multiplicand; mr
means multiplicator

Hence, the two aging-aware multipliers can
be implemented using similar architecture, and the
difference between the two bypassing multipliersliesin
theinput signalsof the AHL. According to the bypassing
sel ection in the column or rowbypassing multiplier, the
input signal of the AHL in the architecture with the col-
umn-bypassing multiplier isthe multiplicand, whereas of
therow-bypassing multiplier isthemultiplicator

IJEST Vol.10 No.1 January - June 2016
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Fig.4 Razor Flipflop

Razor flip-flops can be used to detect whether timing
violations occur before the next input pattern arrives. A
1-bit Razor flip-flop contains a main flip-flop, shadow
latch, XOR gate, and mux. The main flip-flop catches
the execution result for the combination circuit using a
normal clock signal, and the shadow latch catches the
execution result using adelayed clock signal, whichis
slower than the normal clock signal. If the latched bit of
the shadow latch is different from that of the main flip-
flop, this means the path delay of the current operation
exceedsthe cycle period, and the main flip-flop catches
an incorrect result. If errors occur, the Razor flip-flop
will set the error signal to 1 to notify the system to
reexecute the operation and notify the AHL circuit that
an error has occurred. We use Razor flip-flopsto detect
whether an operation that is considered to be a one-
cycle pattern can really finish in a cycle. If not, the
operation is reexecuted with two cycles. Although the
reexecution may seem costly, the overall cost is low
because the reexecution frequency islow.

More details for the Razor flip-flop can be found.
The AHL circuit isthe key component inthe aging-ware

variable-latency multiplier.

- #s>n

#0s > [n+1)

Fig.5 AHL (md means multiplicand; mr means multiplicator)
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The AHL circuit contains an aging indicator, two
judging blocks, one mux, and one D flip-flop. Theaging
indicator indicates whether the circuit has suffered
significant performance degradation due to the aging
effect. The aging indicator is implemented in asimple
counter that counts the number of errors over acertain
amount of operations and is reset to zero at the end of
those operations. If the cycle period is too short, the
column- or row-bypassing multiplier is not able to
complete these operations successfully, causingtiming
violations. Thesetiming violationswill be caught by the
Razor flip-flops, which generate error signals. If errors
happen frequently and exceed a predefined threshold,
it means the circuit has suffered significant timing
degradation dueto the aging effect, and theaging indicator
will output signal 1; otherwise, it will output Oto indicate
the aging effect isstill not significant, and no actionsare
needed.

Thefirst judging block inthe AHL circuit will output
1if thenumber of zerosin the multiplicand (multiplicator
for the row-bypassing multiplier) islarger thann (nisa
positive number, which will be discussedin Section 1V),
and the second judging block inthe AHL circuit will output
1if thenumber of zerosin the multiplicand (multiplicator)
islarger than n + 1. They are both employed to decide
whether an input pattern requires one or two cycles, but
only oneof themwill be chosen at atime. Inthe beginning,
the aging effect is not significant, and the aging indicator
produces 0, so the first judging block is used. After a
period of time when the aging effect becomes significant,
the second judging block is chosen. Compared with the
first judging block, the second judging block allows a
smaller number of patterns to become one-cycle
patterns because it requires more zeros in the
multiplicand (multiplicator).
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The details of the operation of the AHL circuit are as
follows: when aninput pattern arrives, both judging blocks
will decide whether the pattern requires one cycle or
two cycles to complete and pass both results to the
multiplexer. The multiplexer selects one of either result
based on the output of the aging indicator. Then an OR
operation is performed between the result of the
multiplexer, and the Q signal is used to determine the
input of the D flip-flop. When the pattern requires one
cycle, the output of the multiplexer is 1. The !(gating)
signal will become 1, and theinput flip flops will latch
new datain the next cycle. On the other hand, when the
output of the multiplexer is0, hich meanstheinput pattern
requirestwo cyclesto complete, the OR gate will output
OtotheD flip-flop. Therefore, the (gating) signa will be
Otodisabletheclock signal of theinput flip-flopsinthe
next cycle.

Note that only a cycle of the input flip-flop will be
disabled because the D flip-flop will latch 1 in the next
cycle. The overal flow of our proposed architectureis
as follows: when input patterns arrive, the column- or
row-bypassing multiplier, and the AHL circuit execute
simultaneoudly. According to the number of zerosinthe
multiplicand (multiplicator), the AHL circuit decidesiif
the input patterns require one or two cycles. If the input
pattern requires two cycles to complete, the AHL will
output O to disable the clock signal of the flip- flops.
Otherwise, the AHL will output 1 for normal operations.
When the column- or row- bypassing multiplier finishes
the operation, theresult will be passed to the Razor flip-
flops. The Razor flipflops check whether there is the
path delay timing violation. If timing violations occur,
it means the cycle period is not long enough for the
current operation to complete and that the execution

B W50 Dot

xhaer Ma

result of the multiplier isincorrect. Thus, the Razor
flip- flops will output an error to inform the system
that the current operation needs to be reexecuted
using two cycles to ensure the operation is correct. In
this situation, the extra reexecution cycles caused by
timing violationincursapenaty to overall averagelatency.
However, our proposed AHL circuit can accurately
predict whether the input patterns require one or two
cycles in most cases. Only a few input patterns may
cause atiming variation when the AHL circuit judges
incorrectly. In this case, the extrareexecution cyclesdid
not produce significant timing degradation.

4. EXPERIMENTAL RESULTS

Inthevariable-latency design, the average latency is
affected by both the percentage of one-cycle patterns
and the cycle period. If more patterns only require one
cycle, the average latency is reduced. Similarly, if the
cycle period is reduced, the average latency is also
reduced. However, the cycle period cannot be too small.
If the cycle period istoo small, large amounts of timing
violations will be detected by the Razor flip-flops, and
the averagelatency will increase. Hence, it isimportant
to analyze the tradeoff between the percentage of one-
cycle patterns and the cycle period. To achieve this, we
analyze three scenarios for both 16x16 and 32x32
variablelatency column-bypassing (VLCB) and variable-
latency rowbypassing (VLRB) multipliers. We also
compare the results with the AM, a FLCB multiplier,
and afixed-latency rowbypassing (FLRB) multiplier.
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Table 1 Experimental Results

Parameters Multipliers Percentage
Look-uptables Row-by pass 40
Coluomn-by pass 26
Razor Flip-flop 14
Delay Row-by pass 13.940ns
Column-bypass | 11.976ns
Razor Flip-flop 2.013ns

5. CONCLUSION

An aging aware design of a novel Adaptive Hold
Logic (AHL) circuit is proposed in this paper. The
AHL circuit adjusts itself to mitigate performance
degradation which is caused due to aging effects. This
proposed work can be used in various VL Sl applications
to perform operationslike addition, multiplication etc. The
AHL circuit will produce output which will be both power
and areaefficient. Theresultswill beintermsof Latency
and Power consumption which will improve the circuit
performance.
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Abstract

The rapid growth of memories in electronic devices, it is becoming a critical issue to save memory from
being storing the existing data. Hence a new technology known as Bloom filters (BFs) provide a simple and
effective way to check whether an element belongs to a set. BFs are implemented using electronic circuits .The
contents of a BF are commonly stored in a high speed memory and required processing is done in a processor
or in dedicated circuitry. some cases, the performance of those systems is affect by multiple cell upset(MCU).
The stored data may change due to MCU. In order to improve the error in BF’s Error Correction Code known
as Decimal Matrix Code (DMC) is used to detect and correct errors. The results show that the proposed
scheme can effectively perform error detection and correction in BF’s.

Keywords: Bloom Filters (BFs), Decimal Matrix Code (DMC), Error Correction Code(ECC), Multiple Cell

Upset(MCU)
1. INTRODUCTION

Bloom filters are compact data structures for
probabilistic representation of a set in order to support
membership queries(i.e. queriesthat ask: “Isdement X
in set Y?7). This compact representation is the payoff
for allowing a small rate of false positives in
membership queries; that is, queries might incorrectly
recognize an element as member of the set. It will
check whether the input is present in the set are not. It
will rgject if it isexisting data and adds to memory when
itisnew input.

Filters can be built incrementaly: as new elements
are added to a set the corresponding positions are
computed through the hash functions and bitsare set in
thefilter. Moreover, thefilter expressing the reunion of
two setsis smply computed as the bit-wise OR applied
over thetwo corresponding Bloom filters.

Bloom filters are compact data structures for
probabilistic representation of a set in order to support
membership queries. The main design tradeoffs are
the number of hash functions used (driving the
computationa overhead), the size of the filter and the
error (collision) rate.
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2. PROPOSED SCHEME

Transient multiple cell upsets (M CUSs) are becoming
major issues in the reliability of memories exposed to
radiation environment. To prevent MCUs from causing
data corruption, more complex error correction codes
(ECCs) arewiddy used to protect memory, but the main
problemisthat they would require higher delay overhead.

Recently, matrix codes (MCs) based on Hamming
codes have been proposed for memory protection. The
main issueisthat they are double error correction codes
and the error correction capabilitiesare not improvedin
all cases.

The proposed DMC utilizes decima dgorithm to
obtain the maximum error detection capability.
Moreover, the encoder-reuse technique (ERT) is
proposed to minimizethe areaoverhead of extracircuits
without disturbing the whole encoding and decoding
processes.

Encoder Decoder using ERT

) SRAM

D i Infosmation )

!

S puw jv)
ST TERN
BRI
MOPAIG Y

| SRAM
- -
/ (R ednadamcy )
o=

Fig.1 Decimal matrix codes
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The ERT uses DM C encoder itsdlf to be part of the
decoder. The proposed DMC is compared to well-

known codes such as the existing Hamming, MCs, and
punctured difference set (PDS) codes.

Symbol 0
{ou] D] oi o[ 0. To, o pi i b e ] 1. | |, [, |1
ADRPOs | D (D Do [ R PR R 1. | 11 | 11 | s [0
v v lv, v

Fig.2 32hitDMC

The proposed schematic of fault-tolerant memory is
depicted in Figure4.1. First, during the encoding (write)
process, information bits D arefed to the DM C encoder,
and then the horizontal redundant bits H and vertica
redundant bits V are obtained from the DM C encode.
When the encoding process is compl eted, the obtained
DMC codeword is stored in the memory. If MCUs occur
in the memory, these errors can be corrected in the
decoding (read) process. Dueto the advantage of decima
agorithm, the proposed DMC has higher fault-tol erant
capability with lower performance overheads.

In the fault-tolerant memory, the ERT technique is
proposed to reduce the area overhead of extra circuits
andwill beintroduced in thefoll owing sections.

2.1 PROPOSED DMC ENCODER:

In the proposed DMC, first, the divide-symbol and
arrange-matrix ideas are performed, i.e., the N-bit word
isdividedinto k symbolsof mbits (N =k x m), and these
symbols are arranged in akl x k2 2-D matrix k = k1 x
k2, where the values of k1l and k2 represent the
numbers of rows and columns in the logical matrix
respectively). Second, the horizontal redundant bits H
are produced by performing decimd integer addition of
selected symbols per row. Here, each symbol is
regarded as a decimal integer. Third, the vertical
redundant bits V are obtained by binary operation
among the bits per column. It should be noted that both
divide- symbol and arrange-matrix are implemented in
logicd instead of in physicd.

En D= D.
' D= DyDyy—= Dy Do Dy Dyy— Dy Dy I D Dia D= {!_I
i i b | ,
I — T
: Adder Y Adder ¥ | r ] :
a N/ |
. | ( I ,
| He~ H, H i~ His Va J I.’:-E.I
J-H % J P
v

Fig.3 32 bit DMC Encoder structure

Therefore, the proposed DMC does not require
changing the physical structure of the memory. To
explain the proposed DMC scheme, we take a 32-bit
word as an example. The cells from DO to D31 are
information bits. This 32-bit word has been divided into
eight symbols of 4- bit. k1 = 2 and k2 = 4 have been
chosen simultaneously. HO—H19 are horizontal check
bits VO through V15 are vertical check bits.

However, it should be mentioned that the
maximum correction capability (i.e., the maximum size
of MCUs can be corrected) and the number of

redundant bits are different when the different values
for k and m are chosen. Therefore, k and m should be
carefully adjusted to maximize the correction capability
and minimize the number of redundant bits. For example,
in this case, when k = 2x2 and m = 8, only 1-bit error can
be corrected and the number of redundant bits is 40.
When k =4 x 4 and m = 2, 3-bit errors can be corrected
and the number of redundant bits is reduced to 32.
However, when k = 2 x 4 and m = 4, the maximum
correction capability is up to 5 bits and the number of
redundant bits is 36. In this paper, in order to enhance
the reliability of memory, the error correction capability
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is first considered, so k =2 x 4 and m = 4 are utilized to

construct DMC.

The horizontal redundant bits H can be obtained by

decimal integer addition as follows:

H4H3H2H1HO0 = D3D2D1D0 + D11D10D9D8 (Eq.1)

H9H8H7H6H5 = D7D6D5D4 + D15D14D13D12
(Eq.2)

The symbol “+” represents decimal integer addition.

For the vertical redundant bits V, we have

V0=D0 D16

V1=D1D17

(Eq.4)

2.2 PROPOSED DMC DECODER:

(Eq.3)

To obtain a word being corrected, the decoding process
is required. For example, first, the received redundant
bits H4H3H2H1HO.

AH4H3H2H1HO = H4H3H2H1HO’ -
H4H3H2H1HO (Eq.5)
S0=VQ +Vo (Eq.6)

When H4H3H2H1HO and S3 “ SO are equal to
zero, the stored codeword has original information bits
in symbol 0 where no errors occur. When
_H4H3H2H1HO and S3 “ SO are

nonzero, the induced errors (the number of errors is 4
in this case) are detected and located in symbol 0, and
then these errors can be corrected by

DOcorrect=D0 + SO (Eq.7)
lf‘u t H : '.i.'l.ll D
D i, ) Dy D D Dy D D ¥ D, n n
| | 1 | I | | |
E— i )TT
Adder S Adder \ | )
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| | ] |
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Fig.4 32 bit DMC Decoder structure
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The proposed DM C decoder which is made up of
the following sub modul es, and each executes a specific
task in the decoding process: syndrome ca culator, error
locator, and error corrector. It can be observed from this
figure4 that the redundant bits must be recomputed from
the received information bits D and compared to the
origina set of redundant bits in order to obtain the
syndrome bits AH and S. Then error locator uses /\H
and Sto detect and locate which bits some errors occur
in. Finaly, in the error corrector, these errors can be
corrected by inverting the values of error bits.

In the proposed scheme, the circuit area of DMC
is minimized by reusing its encoder. Thisis called the
ERT. The ERT can reduce the area overhead of DMC
without disturbing the whole encoding and decoding
processes. It can be observed that the DM C encoder is
also reused for obtaining the syndrome bits in DMC
decoder.

Therefore, the whole circuit area of DMC can be
minimized as a result of using the existent circuits of
encoder. Besides, this figure aso shows the proposed
decoder with an enable signal En for deciding whether
the encoder needs to be a part of the decoder. In other
words, the En signd is used for distingui shing the encoder
from the decoder, and it is under the control of thewrite
and read signalsin memory. Therefore, in the encoding
(write) process, the DM C encoder is only an encoder to
execute the encoding operations. However, in the
decoding (read) process, this encoder is employed for
computing the syndrome bits in the decoder. These
clearly show how the area overhead of extra circuits
can be substantialy reduced.

3. SSIMULATION RESULTS
3.1Passing New Input to Bloom Filter

The simulation result of the bloom filter is shownin
the following figures. Theinputs arefed imto the bloom
filter .the encoding part of DM C will check whether the
input datais present or not.
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Fig. 5 Passing input to bloom filter

The figure 6 shows that the input data is new input hence the value is added into the memory. The added value
is displayed as a message.
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Console

. = =
Frunal

the vaiue i added 00000000000000000000000000000000
the value s added 00000000000000O0000ICA000000000 1
the value is added 000000000000000000000000000000 10
the value is added 0000000000000000000000000000001 1

B Corsce @ Bresponts | 0§ FndinFlesResdts | gy SearchResults

Fig. 6 Simulation result of datainsertion

3.2 Passing Existing I nput to Bloom
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Fig.7 Passing input to bloomfilter
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ISim>
# run 1.00us
ISim> |

the value already present 00000000000000000000000000000110

& Console

® GBreakponts | 128 FnthlesResufts:

-n Search Results

Fig. 8 Simulation result of datarejection
The figure 8 shows that the input data is aready exist. Hence the valueis rejected.

3.3 Decoder Output
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Fig.9 Decoder output

The proposed has been simulated and the synthesis
report can be obtained by using Xilinx ISE 12.1i. The
various parameters used for computing existing and
proposed systems with Spartan-3 processor aregivenin
thetable 1.

Table1 Result Analysisof Existing and Proposed Scheme

S1.No. Parameter| Existing Proposed
1 SLICES 129 50
2 LUT 237 24

IJEST Vol.10 No.1 January - June 2016

4. CONCLUSION AND FUTURE WORK

In this brief, a new application of BFs has been
proposed. Theideaisto usean efficient error correction
codein BF to prevent thedatainside the memory. Novel
per-word DM C was proposed to assure the reliability of
memory. The proposed protection code utilized decimal
algorithm to detect errors, so that more errors were
detected and corrected. The obtained results showed that
the proposed scheme has a superior protection level
against large MCUsin bloom filter memory. Simulation
results shows our proposed bloom filter has improved
performance in terms of memory protection.
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In future the comparison time of the comparator will
be improved hence the bloom filter is enhanced in both
memory protection and comparisontime.
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Abstract

In the restructured power system need to develop the transmission cost scheme that can provide the useful
economic information to power markets, such as generation, transmission companies and customers. In this
paper proposes an analytical approach for comparative analysis of MW-MILE, MVA-MILE, POSTAGE-STAMP
methods. Wheeling cost is the most important parameter for recovering the invested cost. All these wheeling
methods allocate the charges based on transmission capacity and wheeling distance. The approach based on
applying different wheeling charge methods on |EEE-14 bus system.

Keywords: POSTAGE- STAMP method, Restructured power system, Whedling charge, MW-MILE, MVA-MILE.

1. INTRODUCTION

Electrical energy playing a fundamental part in our
life. In today s modern society, electrical energy can be
found everywhere. For providing energy in household
appliances such as lighting, air-conditioners, televisions
sets to office equipment such as computers, fax machines
and also providing energy for the industrial. Machineries,
electrical energy has become sheer necessity in our life.
That s why electric power industry is probably the largest
and the most complex industry in the world. Generation,
transmission and distribution of Electricity must be
accomplished at minimum cost but at maximum
efficiency. For many years in the past, the electric power
industries in the world are operating in regulated,
monopolistic market.

Large power companies often dominate the overall
authority over all activities in generation, transmission and
distribution. These companies often have owned the
assets and operations of these three activities and are
referred as vertically integrated utilities. Now, these
vertically integrated utilities are owned and run by
governments in many parts of the world.

2. DEREGULATION

In deregulation environment, generation,
transmission and distribution are independent activities;
there is a competition among generators for customers.
Main benefits from the deregulation are, cheaper
electricity, efficient capacity expansion planning, cost
minimization, more choice and better service. Since the
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electrical power supply industry around the word has
experienced a period of rapid and irreversible change.
The need for more efficiency in power production and
delivery has led to a restructuring of the power sectors
in several countries traditionally under control of federal
and state governments.

3. OPEN ACCESS TRANSMISSION SYSTEM

The Open Access Same-Time Information System
(OASIS) is an Internet-based system for obtaining
services related to electric power transmission in North
America. It is the primary means by which high-voltage
transmission lines are reserved for moving wholesale
quantities of electricity. OASIS permits posting, viewing,
uploading, and downloading of transmission transfer
capability in standardized Protocols. The data posted on
OASIS should clearly identify what service is available,
which requests were accepted, denied, interrupted or
Curtailed, permitting business decisions to be made solely
from the OASIS-derived in formation.

4. WHEELING

The term “wheeling” has a number of definitions.
Wheeling is the use of transmission or distribution facilities
of a system to transmit power of and for another entity.
The figurel shows the general wheeling diagram.
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Fig.1 Genera wheding diagram. Fig.2 Six interconnected
wheedling diagram

Wheeling occurs on an AC interconnection that contains
more than two utilities whenever transaction takes place.
Consider the six interconnected control areas shown in
Figure2.Considerthe six interconnected control areas.
Areas A and C negotiate the sale of 100 MW by Ato C.
A to F transferring some amount of power and F area
power is transfer to C area through the areas D & E.
remaining power is transferring areas Ato C.

5. BILATERAL TRANSACTIONS

A bilateral transaction involves a trade negotiated
between two participants, with price, quantity and other
trade data known only by the parties involved..In the
power market one buyer and seller are involved in the
bilateral transactions. Since bilateral transactions do not
occur on regulated exchanges, such transactions are
referred to as “off exchange” or “over the counter”
(OTC) transactions. Over-the-counter or off-exchange
trading is done directly between two parties, without any
supervision of an exchange. It is contrasted with
exchange trading, which occurs via these facilities. An
exchange has the benefit of facilitating liquidity, mitigates
all credit risk concerning the default of one party in
the transaction, provides transparency, and maintains
the current market price. In an OTC trade, the price
is not necessarily made public information.

6. MULTILATERAL TRANSACTIONS

Multilateral means that multiple parties can input their
selling and buying intentions into the system and a
transaction is established between these parties when
intentions match. The multilateral transactions based on
bilateral transactions among market participants.

7. WHEELING CHARGE CALCULATION
7.1 Mw-Mile Method

The MW-Mile method is also known as Line-by line
method. The change in the magnitude of power flow on
the system caused by wheeling transaction is taken into
consideration in order to assist in the allocation of the
wheeling costs of each of the wheeling transaction. One
distinct feature is the length of the transmission lines used
in the transaction is also taken into consideration when
determining the wheeling costs. This attempts to solve
the flaws in the rolled-in-embedded method where the
distance between the point of supply and the point of
the recipient has no effect in determining the usage of
the transmission system by the wheeling transaction.
MW-mile method attempts to allocate the wheeling costs
based on the actual system usage as close as possible.
Therefore, Two power flow executions are needed with
one having native loads only and the only with the
wheeling transaction comes into play. The power flow-
mile on each transmission line of the system due to a
particular wheeling transaction is calculated by obtaining
the product of the transmission line length and the change
in the magnitude of the power flow caused by the
transaction. The power flow-miles of each transmission
line are totalled up to represent the amount of the
transmission resources used by the corresponding
transaction. The total system capacity is obtained by
totalling up the product of each transmission line length
and some measures of the contribution made by the
transmission facility towards the capacity of the system.
This contribution can be measures by several alternatives
such as measuring the temperature based rating, surge
impedance loading, actual power flows.

In the original MW-Mile methodology DC power flow
formulation was used to estimate the usage of firm
transmission services by wheeling transactions, and the
procedure for multi- transaction assessment may be
outlined as follows.

STEP 1: For a transactions t, the transactions related
flows on all network lines MWt, k (KEK) are first
calculated using optimal power flow model considering
the nodal power injections only involved in that
transactions.

STEP 2: The magnitude of MW flow on every line is
multiplied by its length Lk (in miles) and the cost per
MW per unit length of line Ck (in $MW-MILE), and
summed over the all network lines as:
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MWMILE , =Y C L MW,
kek

The above process is repeated for each transaction t
eT, including one comprised of the utility’s native
generators and loads. Finally,the responsibility of
transaction t to the total transmission capacity cost is
determined by:

MWMILE

> MWMILE,
1eT

TC, =Total _cost

The MW MILE method recovers the fixed
transmission cost in the restructured power system.

7.2 Mva-Mile M ethod

In the above method i.e. in MW mile method reactive
power changes in the facilities caused by the transmission
have not been considered. Reactive power flow can
effect line losses and voltage magnitude when customer
loading is heavy, reactive power flow can push bus
voltages, top change transformer settings or circuit
loading to their limits, or when oppositely oriented can
bring them off limits. The MVVA mile method, reflect the
actual customer loading condition. In MVVA mile method
both are red power flow and reactive power flow is
taken into consideration. According to MVA mile
method, the costs are allocated proportional to the charge
in the line MW flows and line MV AR flows caused by
transmission transaction and length of the line in miles.
Two power flows executed successfully, with and without
the wheeling transaction T, yield (DMVATf )T the
changes in MVA flows in all transmission line facilities.
The transaction cost CT in $/hr for a transaction T is
given by the following equation.

€+ Zr((AMVAf), * Ly)

Cwr =
Yr((ZrAMVAp )T * Ly)
Where,
L, = Length of transmission linef.
(MVA). = MVA power flow in facility f due to
transaction T

(AMVA)_ = Changein power flow in facility f dueto
transaction T dueto transaction T.
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7.3 Postage-Stamp Method

Postage stamp rate method is traditionally used by
electric utilities to allocate the fixed transmission cost
among the users of firm transmission service. This
method is an embedded cost method, which is also called
the rolled in embedded method. This method does not
require power flow calculations and is independent of
the transmission distance and network configuration. The
magnitude of the transacted power for a particular power
transaction is usually measured at the time of system
peak load condition:

RT=TC*(Pt/P peak)

Where Rt is the transmission price for transaction
t, TC is the total transmission charges and Pt and Ppeak
are transaction t load and the entire system load at the
time of system peak load condition. The main purpose of
using this methodology is the entire system is considered
as a centrally operated integrated system. This method
is simpler. Since this method ignores the actual system
operation, it is likely to send incorrect economic signal to
transmission customers.

8. OPTIMAL POWER FLOW

The optimal power flow is a very large and very
difficult mathematical programming problem. Almost
every mathematical programming approach that can be
applied to this problem has been attempted and it has
taken developers many decades to develop computer
codes that will solve the OPF problem reliably. The main
objective of optimal power flow is to minimize the
generation cost in the power system. There are two
constraints in the optimal power flow. In the equality
constraints generation balances the load. In the inequality
constraints generations mismatches the load. The IEEE-
14 bus system is solved using mat lab software in Optimal
Power Flow method using the Interior Point algorithm.
Traditionally, classical optimization methods were used
to effectively solve OPF. But more recently due to
incorporation of FACTS devices and deregulation of a
power sector, the traditional concepts and practices of
power systems are superimposed by an economic
market management. So OPF have become complex.
In recent years, Artificial Intelligence (Al) methods have
been emerged which can solve highly complex OPF
problems.
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9. RESULT & DISCUSSION

i Y T e——1" Table1Bilateral Transactions
Lt ot _ Magnitude
° -5| @ Transactions | From Bus To Bus e —
1 4 10 10MW
(=
Fig.3 IEEE-14 Bus System
Table2 Resultsof Bilateral Transactions
Branch From Bus Power To B}ls Itower Loss
Injection Injection
Frombus | Tobus | PMW) | QOMIVAR) P(MW) QMVAR) PQMW) QMIVAR)
1 2 1204 6.5 -126.5 Q3 283 g8
1 5 64.7 6.5 627 -33 20 85
2 3 555 03 -342 04 13 36
2 4 484 0.1 472 04 12 38
2 5 315 1.8 -36.7 -32 0.7 22
3 4 -11.6 48 11.7 55 01 02
4 5 463 112 46.6 -102 0.2 09
4 7 26.8 34 -26.8 48 00 14
4 9 12.2 16 17.2 -0.08 0.0 5
5 6 452 152 452 -104 0.0 48
6 11 87 44 8.6 43 008 0.1
6 12 7.7 26 16 -24 0.07 0.1
6 13 7.5 Tl -173 =1 02 04
7 g 90 -85 9.0 g8 0.0 02
7 9 358 39 -35.8 -23 0.0 13
9 10 139 35 -13.8 -33 0.06 0.1
Q 14 96 30 85 2.7 01 02
10 11 51 -24 51 25 0.02 0.06
12 13 15 08 -15 08 0.007 0.0
13 14 54 23 53 22 0.05 0.1
Table3 Comparison of Wheding Char gesfor Bilateral Transactions
Wheeling Cost of Wheeling Costof | Wheeling Cost of
Line MVA-MILE MW-MILE POSTAGE-STAMP
Method Method Method
24 -19 -1.8 44
34 32 257 -10.66
45 -18.81 14.06 42.58
47 3291 3262 2463
4.9 31.08 2049 1582
9-10 61.13 6131 12.78
10-11 1139 -14.06 473
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Fig.4 Bilaterd transaction
Table4 Multilateral Transactions

Figure5 Multilateral Transactions

Transaction|From Bus| To Bus Magmtud? nf
Transaction
1 9.13,14,10| 7.11,12 SOMW

Table5 Result of M ultilateral Transactions

Branch From .Bus-Po“'er To B‘us I.'ower Loss
Injection Injection
[From bus| To bus P(MW) QMVAR) P(MW) QMIVAR) P(MW) QMMVAR)
1 2 1308 -7.0 -127.8 102 29 9.02
1 5 67.29 7.01 6507 3.1 22 91
2 3 520 -0.01 -50.87 03 11 49
2 4 513 0.1 498 05 14 42
2 5 402 24 -302 -3.1 0.8 26
3 4 49 43 50 55 0.03 0.08
4 5 468 132 47.1 -102 03 09
4 7 263 -3.7 -263 51 00 13
4 9 175 14 115 0.17 0.0 15
5 6 496 149 496 92 0.0 S
6 11 173 53 -171 4.7 02 035
6 12 136 3.7 -134 32 i) 04
6 13 203 7.6 -20.0 -1.1 02 0.5
7 2 -323 -84 323 102 00 1.8
7 9 386 32 -386 -1.7 0.0 15
9 10 155 31 -154 -29 0.07 0.20
9 14 112 24 -11.0 2.1 0.1 03
10 11 64 -28 6.4 2 0.03 0.09
12 13 2.6 16 26 -1.6 0.02 0.02
13 14 3.8 29 -3.8 -2.8 0.03 0.08
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Table6 Comparison of Whedling Char gesfor Multilateral Transactions

Wheeling Cost of Wheeling cost of Wheeling cost of
Line MVAMILE MW-MILE POSTAGE-STAMP
Method Method Method
4-7 0.6 279 418
4.0 117 332 279
6-11 507 154 276
6-12 g1 230 21.7
6-13 97 2947 323
7-8 673 211 513
78 1554 44 614
0-10 244 72.7 246
0-14 2.7 9.0 178
10-11 6.2 47 16.2
12-13 213 -182 4.1
13-14 0.7 40 6.1
10. CONCLUSION REFERENCES

The wheeling charges are calculated in IEEE-14
Bus system using the MW-MILE, MVA-MILE,
POSTAGE-STAMP methods under the open access
transmi ssion system. Infuture the whedling charges can
be calculated for real time system using different
wheeling charge methods.
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Abstract

Field Oriented Control (FOC) is commonly used for controlling electrical machines like PMSM (Permanent
Magnet Synchronous Motor) and Induction machines etc., which are majorly used in Electric and Hybrid
\ehicles. For optimal performance of the algorithm (FOC) or any PID based controller it is required that the
controller is tuned to its best parameters over the entire operating range of the electrical machine.
Several conventional methods (Ziegler-Nichols) to optimize the current control parameters in FOC, (or tuning
any PID controller) were highly unsatisfactory in terms of large overshoot and steady state error, because of
manual involvement in selecting the initial points and tuning them. Based on the literature survey, it is observed
that optimization techniques like pattern search can provide a better solution for tuning of current control
parameters in FOC. In few zones (Speed > Base Speed) of operating region, parameters obtained through
pattern search are not satisfactory.

This paper compares different optimization techniques like Pattern Search, Genetic Algorithm and Smulated
Annealing algorithms, where the error criteria is considered as the summation of Integral of Time-weighted
Absolute Error (ITAE) and Integral Square Error (ISE) between desired and actual response and the best
possible results are presented. The above analysis is thus useful in identifying the best optimization technique
for tuning of PID parameters in FOC of an E-Drive used in various hybrid vehicles.

Keywords: Controller Tuning, Field Oriented Control (FOC), Genetic Algorithm, Integral of Time-weighted

Absolute Error (ITAE), Integral Square Error (ISE), Pattern Search, Smulated Annealing.

1. INTRODUCTION

Several advanced controller designs have been
developedinthe past two decades. In spite of these, We
do seethe use of PI controller in mogt of the closed loop
control systems (automatic process control applications),
because of its robustness and simple structure. Pl
controllersare used as current controllersin closed loop
control of E-drive. Tuning of this Pl controller plays
major role in Field Oriented Control (FOC) of PMSM
machine. Many tuning techniques have been developed
based on the objective as ITAE. Ziegler and Nichols
proposed simple tuning rules for PID controller [Rohit
G, 2012]~. But these tuning rules are having following
disadvantages (a)consumes more time for computation
as it involves trial and error (b) not applicable for
processes which are unstable in open loop, (c) forces
the system into marginal stability, which may leads
system to unstable for small external disturbances
[Mohammad Shahrokhi]G. Because of these
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disadvantages in classical tuning method (Ziegler and
Nichols), three optimization techniques (Pattern Search,
Genetic Algorithm, Simulated Annealing) are analyzed in
thispaper.

2. FIELD ORIENTED CONTROL

In FOC[R. Krishnan, 2010] 7, motor currents are
transformed from u-v-w (gationary) reference frame
into d-q (rotating) reference frame by using Clarks and
Park transformations, so that ideally the current space
vector isfixed in magnitude and quadraturein direction
with respect to the rotor. Because the current space
vector in the d-q reference frame is static, the P-I
controllers operate on dc signals, rather than sinusoidal
signals. Thisisolatesthe controllersfrom thetime variant
winding currents and voltages, and therefore it
eliminatesthe limitation of controller frequency response
and phase shift on motor torque. This is the major
advantage of FOC [Copley Controls Corp]3.
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Figure.1l represents the control strategy in FOC. Here
two Pl controllers are used. One for direct current
component and other for quadrature current component.
Thereference input commandsfor Id and |q are derived
from desired torque command. The outputs from the

two Pl controllers represent voltage space vector with
respect to rotor, which can be transformed into three
phase voltages by using inverse Clarks and Park
transformations. These control signals are given to
SpaceV ector PWM inverter, whichwill drivethe motor.
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Fig.1 Field oriented control of PMSM machine

3. OPTIMIZATION ALGORITHMS

As mentioned earlier optimization algorithms
Pattern Search, Genetic Algorithm and simulated
annealing are discussed inthissection.

3.1 Pattern Search

Hooke and Jeeves proposed pattern search algorithm
in 1961. It is adirect search algorithm. This is larger
searchintheimproving direction. Larger moves aremade
as long as the improvement continuous. A pattern is a
set of vectors {xi}, whigh points to search at each
iteration [John' W, 2014] . The set {xi} is defined by
the number of independent variables in the objective
function f(x). It varies one parameter of the set at a
time by steps of the same magnitude and derives the
next point {xi+1}. If thereisdecrease (for minimization)
in the objective function value (f(xi+1) < f(x)), then it
expands the step size. When there is increase in the
objectivefunctionvalue (f(xi+ 1) > f(xi)), thenit compress
the step size and repeat the process until the steps were
reached sufficiently small. It gives faster convergence
but sometimesresultslocal optimum point [MathWorks] S
Selectioninitia point playsmajor role.

3.2 Genetic Algorithm

GA, first introduced by John Holland in the early
1970’s, to mimic processes observed in natural selection.
This is powerful stochastic algorithm based on Darwin’s
theory “survival of the fittest”. Initially GA maintains a
population of individuals (al so called chromosomes) and
modifiesthe popul ation probabilistically by some genetic
operators such as selection, crossover and mutation.
Efficiency of GA isbased on Popul ation size, mutation
rate and cross over frequency [Vikrant Vishal, 2014] 11
It has main drawback as premature and slow
convergence.

3.3 Simulated Annealing

Thismethod wasintroduced by Scott Kirkpatrick, C.
Daniel Gelatt and Mario P.Vecchi in 1983. Thisisadopted
from Metropolis—Hastings algorithm. It models the
physical process of heating a material and then slowly
lowering the temperature to decrease defects, thus
minimizing the system energy. A new point israndomly
generated at each iteration based on probability
distribution with ascale proportional to thetemperature.
It not only accept points whose obj ective function value
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is less than that of the current point but also accept points
whose objective function value is more than that of the
current point, with certain probability. By accepting points
that raise the objective function, the algorithm avoids
being trapped in local minima in early iterations and is
able to explore globally for better solutions. Temperature
cooling schedule plays major role [MathWorks]S.

4. OBJECTIVE FUNCTION

The performance indices taken for optimization are
ITAE (Integral Time Absolute Error):

ITAE = ; t e(t) dt (1)
ISE (Integral Square Error):

ISE= e (t)a @

The ITAE index has major advantages as producing
smaller overshoot and oscillations, so that settling time
is less. It has best selectivity compared other indices
Integral Square Error (ISE) and Integral Absolute Error
(1AE) [R. N. Patel, 2007]1. In ISE and IAE error alone
is considered but in ITAE time span of the error is also
considered hence settling time can be reduced.

5. RESULTS

Optimization of controller parameters (Kp, Ki) is
performed by considering three operating points in speed
torque characteristics of PMSM motor. Those are at (a)
below base speed (b) base speed and (c) above base
speed.

Torgue[Nm] |a. b ‘\k

ce
- ;‘l A »
BelowBase Baze Above Baze Speed[rpm]

speed  speed speed

Fig.2 Speed torque characteristics of PMSM
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5.1 PMSM M achine Parameters
Table1 PMSM MachineParameters

Parameter Value
|Armature resistance (m ohm) 13.5
D- axis inductance Ld (mH) 0.022
Q axis inductance Lq (mH) 13.1
Flux linkages (V' g) 0.026
Number of pole patrs ]

5.2 Results at speed: 0.5P.U and torque: 0.578P.U
with PS, GA and SA
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(a) Pattern search failed to converge as limitation in
‘tolerance function’ reached. Objective function value
= 1e6.
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Table2 Comparison of Patter n Sear ch, GeneticAlgorithmand Simulated Annealing

Peak Settling | Convergence time

= - Ovirost) | TEERON | o) (Secs)

Working Point ‘a’ : Speed 0.19P.U and Torque 0.9P.U (Below Base Speed)

PS 1.5624 3292 222 258 0.55 4.0781e+03
GA 1.8156 399 0.36 178 0.04 1.544e+04
SA 1.4596 5884 124 142 0.02 1.35e+03

Working Point ‘b’ : Speed 0.38P.U and Torque 0.9P.U (Base Speed)

Ps Not converged (Not converged
GA 1.784 387 1.78 196 0.03 23773e+04

SA 19912 201 124 204 0.08 1.67e+035

Working Point ‘c’ : Speed 0.5P.U and Torque 0.578P.U (Above Base Speed)

Ps Not converged (Not converged
GA 26148 7304 138 332 0.035 2.2509e+H)4
SA 27732 579.8 1.04 346 0.04 1.5375eH05
Current Best Individual
0.5 Best point
% 04
=
=
203
é 0.2
3
S 0.1
D!
1 2 - >
Number of vanables (2) Number of variables (2)

(b) Objective function output reaches to 6.3e-6. Thus

the output obtained are optimized. (c) Objective function output reaches to 6.3e-6. Thus

Kp= 0.4PU and Ki = 0.36P.U. the output obtained are optimized.
Kp=0.44P.U and Ki = 0.29P.U
c 193808t Function Value: 6.31021e-06 Fig.3 Results for (a) Pattern search (b) Genetic
ad i i Algorithm (c) Simulated Annealing
& 18
E
5 10 p=
2 s
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As pattern search
outputs are not
converging, an

evershootis ubsen-ey
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Fig.4 Torquewaveformat speed: 0.5P.U and torque: 0.578P.U

6. CONCLUSIONS

In this paper, three optimization algorithms PS, GA
and SA are analyzed. Simulation is performed using
MATALB Simulink. Initial point selection playsavital
role in pattern search output convergence. If a better
initial point is chosen, Pattern Search convergesfast. At
working point greater than base speed, GA and SA are
giving good results compared to PS, where SA takes
more time to give a converged result. Merging of two
algorithmslike PS and GA gives good performance. For
example if we use GA to find out initial point selection
and that is fed as an input to PS then this hybrid
algorithm results improved performance in time
consumption. This can be taken as future work.
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Abstract

Hand gesture recognition embedded system can be used as an interfacing medium between the computer
and human using different hand gestures in order to control the computer. In this proposed system, a real time
vision based hand gesture interaction prototype which depends upon finger gestures using color markers is
designed. The objective is to develop an embedded system by which one can communicate with any digital
device with less hardware requirements and using an external camera to capture the gestures. Identifies
different color markers on the fingers and when the mouse emulation is started, the software tracks those
markers using the camera. The main aim is to create a low cost and energy efficient gesture interpretation
system which uses computer vision to analyze different sets of gestures or actions done using the human
fingers and automatically goes to sleep mode when there is no gestures detected.

Keywords. Computer vision, Energy efficient, Embedded system, Hand gesture recognition, Raspberry Pi.

1. INTRODUCTION

Gesture recognition isthe process of recognizing and
interpreting a stream of continuous sequential gesture
fromthe given set of input data. Gestures are non-verbal
informationwhichisused to make computersunderstand
human language and develop a user friendly human
computer interface. Human gestures are perceived
through vision and this paper aimsto use computer vision
toanalyze different sets of gestures using human fingers
and interpret them in order to control the system.

Most of the recognition systems are based on PC
but the portability of PCislimited by itsweight, sizeand
power consumption. Theway to avoid the disadvantages
in PC is by using an embedded system which is low
cost, power efficient. The approach proposed here is
simple and cost effective asit requires|ess hardware to
implement and no sensors are required. The system is
developedtointerpret set of gesturesinto mouse control
instructions.

FingerMouse is a free computer pointing interface
which is used as an aternative to the mouse. A vision
system constantly monitorsthe hand and tracks the color
markers placed in the fingertips of each finger and the
screen cursor is moved using different gestures.

Doubleclick (left click) and right click is performed
using different color markers on thefingers. Raspberry
Pi isaLinux based platform which uses Python as the
main programming language and software devel opment
onLinux iseasy asit isan open source code devel opment
environment. The system consist of a Raspbian camera
which continuously monitors and tracks the gestures.

2. RELATED WORKS

Many researchers have proposed numerous methods
for hand gesture recognition system. Abhinav has
proposed a wearable gestural interface which lets the
user to use natural hand gestures to interact with the
information [1]. Themain advantageinthisisit integrates
digital information into the physica world and itsobjects
and useshand gesturestointeract with digital information,
supports multi-touch and multi-user interaction.Some
drawbacks are the use of color markers and it is not
used in 3D gesture tracking.Saikat et al has proposed a
gesture interpretation system capable of controlling the
computer mouse using thermal camera[2].Theefficiency
of the system is minimized and can be dramatically
improved by background subtraction but it is designed
only with two hand gestures which is a limited input
systems. Shiguo et a has proposed an automatic user
state recognition model to control the TV system
[3].Reduced power consumption and computational cost
and its limitations are ultrasonic sensor is used for
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detection Experimental results has shown that it is an
effective method to use Raspberry Pi board to actualize
embedded image capturing system[5]. Dynamic gestures
which are performed in complex background [4] can be
identified by hand gesture recognition system. Thermal
cameras [6] can be integrated along with web camera
toidentify thehand gesturesbut in additiontoit calibration
of thermal camera has to be done periodically.A
framework isdesigned whichisalow cost yet effective
gesture interpretation system. By using a cameraand a
tiny projector the system can be controlled using hand
gestures during presentations.

The gesture recognition system is an embedded
systemwith less power consumption and efficient image
capturing system. This system is more advantageous
than PC based systems in terms of cost and portability.
Raspberry Pi whichisamini computer isan embedded
system which is more efficient in controlling a system
through gestures. Linux operating system provides many
software choices in order to do a specific task which
adds additional functionality in choosing Raspberry Pi.

3. GESTURE RECOGNITION EMBEDDED
SYSTEM
3.1 System Componenets

The system is composed of the Raspberry Pi board
and the Raspbian camera to capture the video. The
Raspberry Pi board is the central module of the whole
embedded image capturing and processing system with
Broadcom BCM2835 system-on-chipmultimedia
processor at 700MHz in which CPU core is a 32 bit
ARM1176JZF-S RISC processor. Even though the
Raspberry Pi isacomputer it does not have ahard drive
liketraditional computers, instead it reliesonthe SD card
for starting up and storing of information. A 16GB SD
cardisused in thissystem. The Raspbian cameramodule
isa5MP CMOS camera with afixed focus lensthat is
capable of capturing ill imagesaswell ashigh definition
video. The power supply to the board is 5V and is
connected via a micro USB connector. The Raspberry
Pi board is connected to the Raspbian camera through
the dedicated CSl interface. The system block diagram
isshowninFigure 1.
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Fig.1 Block diagram of the proposed system

3.2 Raspberry PI

Hardware is a physical device that can be touched
or held, like a hard drive or a mobile phone. Software
can be thought of as a program or a collection of
programs that instruct a computer on what to do and
how to do it. Below is an image of the Raspberry Pi
which describes some of the components that make up
the hardware.

HE =
T

-
=

-
-8

Fig.2. Hardware components of raspberry Pi

The hardware description of Raspberry Pi which is
shown in Figure 2 consists of the GPIO pin, SD dlot,
USB port and Micro USB connector. The GPIO pins
areused for serial communication for interfacing GSM
and GPSetc. It uses 16GB SD for installing the Raspbian
OSand for storage. The USB port isused for connecting
keyboard, mouse, dongle and pen drive. The power supply
isgiven through USB connector.

3.3 Gesture Detection

The system begins by analyzing the captured video
frame from the Raspbian camera. Normally the video
has tobe cut in different images to identify the hand
gestures using different color markers. The image
obtained isoften intheBGR format and it hasto be first
convertedinto HSV color space. There aresevera steps
for gesture recognition whichisshownin Figure 3.
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Fig.3 Framework of the system

3.3.1 Capture the Input: The first step is to capture
the live video stream from the Raspbian camera. In
reference [5], this camera has no infrared filter thus
making it perfect to capture images which even during
low light conditions.

The color markers are identified and the video is
converted into picture frames for gesture recognition.
Image Acquisition: The next step is to create windows
for different color markers which are detected. Resize
theframesin order to reduce theresolution whichwill in
turn reduce the computation time. In references [2][ 8]
noisereductionisdoneby using theantiaiasing filters.

3.3.2 Color Space Conversion: A proper color model
Isneeded to perform classification. The captured image
which isin the BGR color space is converted to HSV
(Hue Saturation Value). HSV color space is the most
suitable one for color based image segmentation. Hue
value represents the shades of the color, S describes
how pure the huecolor isand V providestheintensity of
the color. Different HSV values for different colors are
provided to represent the gray image of that particular
color. The gesture recognition system is processed
dynamically for computation and to reduce the complexity
color markersare used for detection instead of skin tone
detection which is used in reference [4]. The resized
window which shows the original image detecting the
yellow color marker and the converted gray image is
shownin Figure 4.

Automated Gesture Recognition System Using Raspberry Pi

Fig.4 Detection of yellow color marker with the
converted gray image

3.3.3 Image Preprocessing: In this phase the color
markers are detected and the x-y co-ordinates are
identified for the detected image. To identify the x-y co-
ordinates of the color markersthe size of the monitor is
known and the x-y co-ordinates are cal culated using pixel
co-ordinate system where the position is identified by
px=0 and py=0 corresponding to the top-left corner of
the window. For each frame the system recognizes the
color markers and the corresponding x-y co-ordinates
aredisplayed. Reference[6] uses background modeling
and calibration of the which makes the system more
efficient in computation.

3.3.4 Gesture Recognition: To recognize the gestures
the gesture can beeither onefinger or two finger gestures
with different color markers. In one finger gesture
analysis red color marker is placed in the index finger
and it is used to control the cursor movements in the
screen. In two finger gesture analysis along with index
finger the thumb and middle finger isused for left click
and right click. Thus the systemis controlled by finger
gestures using different color markers. In reference[7]
it uses two approaches that are used for cursor
movement control whichisusing resolution mapping and
weighted speed cursor control. Using pixel co-ordinate
system the resolution size of the window is calculated
and mapping isdone for cursor movement.

The pseudo code for cursor movement identifying
red color marker is shown in Figure 5.1t uses the pixel
co-ordinate system and the resized window size of the
red color marker identification window is used where
the HSV value of red color is given and the (mx,my)
pixel co-ordinates are calculated. The getpixel function
isused toidentify thered color detected within theresized
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window and the move function is used for cursor
movement with respect to the (mx,my) co-ordinates.

for x in range(1,299):
for y in range(1,162):
r,g,b=picture.getpixel ((x,y))
if rdetect == 0Ot
if r >= 125 and g <= 60 and b <= 60:
mx=x*4
my=y*3.5
m.move(mx,my)
rdetect = 1
Fig.5 Pseudo code for cursor movement

The pseudo code for mouse left click identifying
yellow color marker isshown in Figure 6.Similarly, the
sameconditionisdonefor identifying theleft click where
the HSV value changes for yellow color marker. The
click function isused to performthe action with respect
to the pixel co-ordinates of the window. It has three sub
ordinates where the first one represents the maximum
size of the x co-ordinate of the window, second
represents the maximum size of they co-ordinate of the
window.

for x in range(1,167):
for y in range(1,93):
r,g,b=picture.getpixel ((x,y))
if ydetect == 0:
if r >=130 and g <=70 and b >= 130:
m.click(400,695,1)
m.click(400,695,1)
ydetect = 1
Fig.6 Pseudo code for mouse left click

The pseudo code for mouse right click identifying
blue color marker isshownin Figure 7. Thisissimilar to
left click where the HSV value for blue color is given
and click function takes the pixel co-ordinatesas its
parameter and performs the right click.

for x in range(1,167):
for y in range(1,93):
r,g,b=picture.getpixel ((x,y))
if bdetect == 0:
if r <= 60 and g <=60 and b >= 90:
m.click(mx,my,2)
bdetect =1

Fig.7 Pseudo code for mouseright click
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Using resol ution mapping theresol ution size of different
window screens can be calcul ated. During presentations
the projector screen resol utionismapped with theresized
windows of different color markers. These finger
gestures can be used to control the next and previous
dlide buttons during presentation. A smart TV can also
be controlled using hand gestures during net access.

3.4 State Recognition

For the mouse actions carried out different statesare
assigned. Absent state is assigned when the finger is
idle. The four states are: Right Click, Left Click,
Double Click, Absent. The action detection is sensed
by the camera and the mouse clicks are performed.
When the user’s finger is idle without any change in the
gesturesthen the system goesto power off (deep) mode.
This isimplemented in the algorithm by assigning the
wait time for each action detected. The wait time is
compared and accordingly the system goesto sleep mode.
This saves the energy consumption and it can be used
as a portable device.

4. SOFTWARE IMPLEMENTATION

The Raspberry Pi isaLinux based operating system
environment with python as the main programming
language. The development environment used here is
the IDLE (I ntegrated Devel opment Environment) which
is the basic platform for python. Along with IDLE
OpenCV library version 2.4.8 is used for solving
computer vision problems. OpenCV-Pythonisthelibrary
of Python bindings designed to solve computer vision
problemsandit providesall thefunctionsto develop the
gesture movements.Python allows programmersto define
their own types using classes, which are most often used
for object-oriented programming. Python has a large
standard library, commonly cited as one of Python’s
greatest strengths, providingtool s suited for many tasks.

Fig.8 Python shell window



The Python Shell window shown in Figure 8 is used
for running the code and viewing the results of the code.
Inthe menu bar Debug option providestherun module
which will debug the code and will show the execution
results.

5. EXPERIMENTAL RESULTS

The system consist of Raspberry Pi interfaced with
Raspbian camerawhere the color markers placed in the
fingers are used to control the system. The Raspberry
Pi interfaced with Raspbian camera along with the
monitor window isshownin Figure 9.

Fig.9 Raspberry Pi interfaced with Raspbian camerawith the
monitor window

The software running in the background in the Python
IDE along with the resized windows for each color
detected is shown in Figure 10. Its shows the (X,y) co-
ordinates for the red color detected which can be used
to recognize the cursor movement.

Fig.10 Software running in the background in Python IDE

The red color marker placed on the index finger is
used for cursor movement whichis placed on aDesktop
iconisshownin Figure 11. The software running at the
background is used to identify the red color and the
functions are used for cursor movement.

Automated Gesture Recognition System Using Raspberry Pi

Fig.11 Detection of red color marker for cursor movement

The blue color marker is used to perform the right
click. InFigure 12, theright click is performed showing
apop up menu for the Desktop icon selected using the
cursor movement. Once the blue color is detected the
software running at the background will perform the
right click function on the specified areain the monitor
screen.

Fig.12 Detection of blue color marker for right click

Theyellow color marker placed on the finger isused
for doubleclick (left click). InFigure 13, theleft click is
performed showing a pop up menu for the Desktopicon
selected. When the yellow color is detected the software
running at the background will perform the double click
at the pointed areain the monitor.

Fig 13. Detection of yellow color marker for left click

IJEST Vol.10 No.1 January - June 2016



N. Geraldine Shirley and Neethu Krishna

Thusthe systemiscontrolled by finger gesturesusing
the Raspberry Pi which is an efficient and effective
embedded system.

6. CONCLUSION

This paper provides a computer vision gesture
interpretation embedded system which controlsthe mouse
performing different operations for different gestures.
Designing an embedded system with Raspberry Pi which
issmaller, low cost with less power consumptionismore
convenient than the traditional PC-based gesture
recognition system. The devel opment environment using
python language makes it easier to detect the gestures
using color markers. In future more gestures can be
introduced with different color markers for some
functionslike scroll, zoom in, zoom out etc.This can be
appliedin other applicationslikerobotics, interactive video
games.
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Abstract

The main objective of this work is to perform effective transient stability analysis of a particular power system.
The purpose of performing transient stability on the power system is to study the stability of a system under various
disturbances. The stability of power system is the ability of generators to remain synchronism even when subjected
to disturbances. For giving referred response system, we have taken IEEE 9 bus system, where it is subjected to
various disturbances. The swing curves for the various generators of various bus systems is plotted to comment the
stability of system. The factors affecting the stability are analysed and methods for obtaining a better stability of the
system under the fault conditions are also studied. From the study, the prediction of effective response of the system
is modelled and estimated. Prediction progress is not involved with the non-deterministic way, instead of that we
proposed a statistical based regressive model. In this work, we have taken Partial Least Square Regression (PLSR)
analysis to extract the relationship among the variable. From that effective response is feed through the system and
observed the behaviour of the system. The work exhibited the effective response of the system when it is affected by
the fault at various location. Effectiveness of the system is portrayed in terms of transient stability of Generators,
where it gives the margin for the system to produce good response.

Keywords: Transient stability, Synchronism, Swing curves, Prediction, Regressive, Partial least square regression

1. INTRODUCTION In their paper, the intelligent system is composed of
) o ) a processor, an array of neural networks (NN) and an
Day by day demand of electrical power isincreasing jnterpreter. In [3], the authors have demonstrated that

due to expansion of industrial, residential and  the study of transient stability of a system is important
commercial sectors. In this regard, electric utility  notonly for design and coordination of protection scheme
companies are being asked to run their machines very gt the planning stage but also for security control during
close to their maximum output. To meet this demand, system operation. A. M. Mihirig and M. D. Wvong [4]
the size of the interconnected power system is increasing, have proposed a catastrophe theory to determine the
which in turnis resulting in an increase in the modification transient stability regions of multimachine power systems.
cost of these power systems. The utility companiesare  They have calculated transient stability limits from the
planning and adopting wide range of design optionsto  pjfurcation set and the critical clearing time from the

reduce the higher modification cost. In this circumstance,  catastrophe manifold equation. Distributed approach for
detail studies related to transient stability analysis are  rea| time transient analysis have already been mentioned
carried out by considering different assumptions. by some authors (e.g., see [5]) describing stability

Transient stability analysis requires huge amount of  apalysis for large number of machines and busbars. A
computational efforts due to large size of interconnected direct method of Lyapunov functions has been used to
power system. Due to network complexity, power  recognize the fault location as a critical factor for the
system stability is divided into smaller areas including determining the boundary of the stability region [6]. A
rotor angles, frequency and voltage stabilities. Rotor angle new method has been developed for economic dispatch
stability refers to the ability of synchronous machinesof  together with nodal price calculations which included
an interconnected power systems to remain in  transjent stability constraints and, at the same time,
synchronism after being subjected to a fault [1-2].  optimized the reference inputs to the flexible AC
N. Amjady and S. F. Majedi [2] have proposed anew  transmission system (FACTS) devices for enhancing
hybrid intelligent system for prediction of transient stability. system stability and reducing nodal prices [7, 8].
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The accuracy of using static (nonlinear) load models with
suitably identified parameters for transient stability
analysis has been examined in [9]. Here, numerical
studies have been conducted using on-line measurement
data for modelling real power behaviours during
disturbances and hence were deemed adequate for
transient stability analysis. In [10], the authors have
carried out Transient stability analysis in different cases
such as peak and off-peak loads, connection and
disconnection of busbar, with and without current limit
reactor (CLR). In this case, the transient stability in peak
load condition was more stable than that in off-peak load
condition; the transient stability with bus-bar disconnected
was more stable than that with bus-bar connected; the
transient stability with CLR was more stable than that
without CLR. Transient stability analysis in terms of
machines rotor angle, electrical power, machines speed
and terminal voltage has been done for Sarawak grid
system using power system simulation for engineers in
[11]. A power system analysis toolbox (PSAT) was used
to study transient stability analysis for the IEEE 14-bus
system with wind connected generator in [12].
Systematic investigations of transient stability analysis
have been conducted by the combination of step-by-step
integration and direct methods in [13]. In this case, more
time was required to calculate potential and kinetic
energies of all machines before and after the faults. Carlo
Cecati and Hamed Latafat [14] have studied transient
stability of a two-machine infinite bus by time-domain
versus transient energy function when affected by large
disturbances. Here, they have used the Lyapunov function
and decentralized nonlinear controller to study transient
stability.

2. PROPOSED METHOD

The proposed method is developed is based on the
regression analysis. The purpose of this note is to try
and lay out some of the techniques that are used to take
data and deduce a response (y) or responses in terms of
input variables (x values). This is a collection of topics
and is meant to be a refresher not a complete text on the
subject for which there is many. See the references
section. These techniques fall into the broad category of
regression analysis and that regression analysis divides
up into linear regression and nonlinear regression. This
first note will deal with linear regression and a follow-on
note will look at nonlinear regression. Regression analysis
is used when you want to predict a continuous dependent
variable or response from a number of independent or
input variables. If the dependent variable is dichotomous,
then logistic regression should be used.
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The independent variables used in regression can
be either continuous or dichotomous (i.e. take on a value
of 0 or 1). Categorical independent variables with more
than two values can also be used in regression analyses,
but they first must be converted into variables that have
only two levels. This is called dummy coding or indicator
variables. Usually, regression analysis is used with
naturally-occurring variables, as opposed to
experimentally manipulated variables, although you can
use regression with experimentally manipulated variables.

One point to keep in mind with regression analysis is
that causal relationships among the variables cannot be
determined. The areas | want to explore are 1) simple
linear regression (SLR) on one variable including
polynomial regression e.g. y =3, + B, x+€, and 2) multiple
linear regression(MLR) or multivariate regression that
uses vectors and matrices to represent the equations of
interest. Included in my discussions are the techniques
for determining the coefficients ( Betc.) that multiply the
variants (e.g. least squares, weighted least squares,
maximum likelihood estimators, etc.).

Under multivariate regression one has a number of
techniques for determining equations for the response in
terms of the variants: 1) design of experiments (DOE),
and 2) point estimation method (PEM), are useful if data
does not already exist, 3) stepwise regression either
forward or backward, 4) principal components analysis
(PCA), 5) canonical correlation analysis (CCA), 6)
Generalized Orthogonal Solutions (GOS), and 7) partial
least squares (PLS) analysis are useful when data already
exists and further experiments are either not possible or
not affordable.

Types of Regression analysis can be classified as A)
Ordinary least square regression analysis B) Partial least
square regression analysis C) Partial least square
regression analysis. Partial least squares regression is
an extension of the multiple linear regression models (see,
e.g., Multiple Regression or General Stepwise
Regression). In its simplest form, a linear model specifies
the (linear) relationship between a dependent (response)
variable Y, and a set of predictor variables, the X’s, so
that

Y =b,+bX +bX, +..+bX (1)
In this equation b, is the regression coefficient for

the intercept and the b, values are the regression
coefficients (for variables 1 through p) computed from
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the data. So for example, you could estimate (i.e., predict)
a person’s weight as a function of the person’s height
and gender. You could use linear regression to estimate
the respective regression coefficients from a sample of
data, measuring height, weight, and observing the
subjects’ gender. For many data analysis problems,
estimates of the linear relationships between variables
are adequate to describe the observed data, and to make
reasonable predictions for new observations (see Multiple
Regression or General Stepwise Regression for additional
details).

The multiple linear regression models have been
extended in a number of ways to address more
sophisticated data analysis problems. The multiple linear
regression model serves as the basis for a number of
multivariate methods such as discriminate analysis (i.e.,
the prediction of group membership from the levels of
continuous predictor variables), principal components
regression (i.e., the prediction of responses on the
dependent variables from factors underlying the levels
of the predictor variables), and canonical correlation (i.e.,
the prediction of factors underlying responses on the
dependent variables from factors underlying the levels
of the predictor variables).

These multivariate methods all have two important
properties in common. These methods impose restrictions
such that (1) factors underlying the Y and X variables
are extracted from the Y'Y and X’X matrices,
respectively, and never from cross-product matrices
involving both the Y and X variables, and (2) the number
of prediction functions can never exceed the minimum
of the number of Y variables and X variables.

Partial least squares regression extends multiple linear
regression without imposing the restrictions employed
by discriminate analysis, principal components regression,
and canonical correlation. In partial least squares
regression, prediction functions are represented by
factors extracted from the Y’ XX”Y matrix. The number
of such prediction functions that can be extracted
typically will exceed the maximum of the number of Y
and X variables.

In short, partial least squares regression is probably
the least restrictive of the various multivariate extensions
of the multiple linear regression models. This flexibility
allows it to be used in situations where the use of
traditional multivariate methods is severely limited, such
as when there are fewer observations than predictor

variables. Furthermore, partial least squares regression
can be used as an exploratory analysis tool to select
suitable predictor variables and to identify outliers before
classical linear regression.

3.RESULTS AND DISCUSSION

The ETAP software is used to study the transient
stability analysis of the IEEE three-machine, nine-bus
bar power system network. The base MVA and system
frequency are considered to be 100 MVA and 50 Hz,
respectively. The single-line diagram of the three-
machine power system is shown in Figure 1.

B2 7 B8 n B3

B5 6

Lond B

\.L\l_n_v

Bl
Slock bus

Fig.1 IEEE 9 bussystem

Here, generator G1 is connected to slack bus 1,
whereas generators 2 (G2) and 3 (G3) are connected to
bus bars 2 and 3, respectively. Loads A, B and C are
connected in bus bars 5, 6 and 8 respectively. Initialy,
fast decoupled method is used for load flow analysis.
Thentransient stability analysishasbeen carried out by
monitoring the performance of the generators (G1, G2
and G3).Thefirst case hasbeen dealt with athree-phase
fault occurring near bus 5 of theline 5-4.

'|I|II||

SR RN S R TR AR IR IR 51 | S mes e —" p—————

Fig.2 Absolute Power Angle of Generator 1 when
faultatline1
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= e e —— ——— —————— ———————

Fig.3 Absolute Power Angle of Generator 2 when
faultatlinel

B el R I e P |

Fig.4 Absolute Power An_gl e of Generator 3 when
faultatlinel

The fault is cleared by connecting the over current
relay across the faulted line. The swing angles of the
generators G2 and G3 have been calculated by
subtracting the swing angles of the generator G1The
swing angles of generators G2 and G3 areplotted inthe
t plane, which are shown in Figure 5. An inspection of
Figures 5,6,7 shows that the three-machine system is
stable.

Fig.5 Absolute Power Angle of Generator 1
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Fig.6 Absolute Power Angle of Generator 2

Fig.7 Absolute Power Angle of Generator 3

Thecoefficient partial least square regression model
has been constructed by usage of MINITAB platform.
Asaresult of thisconstructed model, it isfitted with the
validated model that portrays the exact progress of
transient stability progress.

By the observed variableresultsthrough ETAP, PLS
regression coefficient model has been constructed and
thevalidation of themodel isanalyzed. Crossvalidation
results are shown in figure 8.
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4. CONCLUSION REFERENCES
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exquisite time delays in order to assure the transient
responsewithin the stableregion. Predicting the effective
model has done through Partial |east square model where
it gives the fitness value of 89 percent to assure the
effectiveprediction. Extraction of features and predicting
thetransient stability responseisto be donethrough hybrid
intelligence system.
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Abstract

The pharmaceutical, food and several other industries have experienced great expansion in the demand
for seaweeds due to their significant applications as ingredients in functional foods and richness in antioxidant
ingredients. The three selected seaweeds found in the coastal areas of Gulf of Mannar, Tamil Nadu are
Sargassum wightii, Gracilaria corticata and Kappaphycus alvarezii. The collected samples were stored under
4Uc until used. These samples were investigated for antioxidant activity due to the presence of phytochemicals
like tannins and polyphenols. Commercially, many marine algae are used as various nutritional products
including antioxidant for use or as nutraceutical supplement. In such case, the formulation of products from
algae involves drying as a major step in preservation. Thus, the effect of different drying temperatures on the
phytochemical constituents in seaweed after harvest is evaluated. The potential difference between the fresh
and dried seaweeds as possible food supplement is discussed with the data. Further, the antioxidant activity
after extraction of essential products like carrageen, agar and alginate is studied and the impact of drying on
the same.

Keywords: Antioxidant activity, Gracilaria corticata, Kappaphycus alvarezii, Polyphenols, Sargassum wightii

1. INTRODUCTION

Bio-stimulant properties of seaweeds are explored
for use in agriculture and the antimicrobial activities for
the development of novel antibiotics. Seaweeds have
some valuable medicinal components such as antibiotics,
laxatives, anticoagulants and suspending agents in
radiological preparations. Seaweeds have recently
received significant attention for their potential as natural
antioxidants. Fresh and dried seaweeds are utilized as
human food (K. Nisizawa et al., 2002) especially in
coastal areas; the consumption of seaweed is high when
compared to other areas (N. Kaliaperumal et al., 1995).
Dietary seaweeds include marine algae from brown,
green and red taxonomies such as the Laminariales,
Ulvales and Porphyridiales, respectively (Anggadiredja
etal., 1997; Yan et al., 1998).. Lipid peroxidation leads
to deterioration of biological systems due to ROS. BHT
and BHA have been suspected of being responsible for
liver damage and carcinogenesis (Grice, 1986; Wichi,
1988; Hettiarachchy et al., 1996). Antioxidant activity
of marine algae may arise from carotenoids, tocopherols
and polyphenols. These compounds directly or indirectly
contribute to inhibition or suppression of free radical
generation (Y. Athukorala et al., 2003). Air drying is the
most frequently used dehydration operation in the food

and chemical industry (Ibrahimet al., 2009; Saeed et al.,
2008). The wide variety of seaweeds, available to the
consumers and the interesting concern for meeting
quality specifications and energy conservation,
emphasize the need for a thorough understanding of the
drying process. Hence, the present study focus upon
antioxidant activity of selected three seaweeds in fresh
and dry conditions. Further, the antioxidant activity after
extraction of essential products like carrageen, agar and
alginate is studied and the impact of drying on the same.

2. MATERIALS AND METHODS
2.1 Collection and Extraction of Seaweeds

The selected seaweeds - Sargassum wightii,
Gracilaria corticata and Kappaphycus alvarezii were
collected from Gulf of Mannar, Tamil Nadu. The samples
were washed thoroughly in seawater followed by tap
water and finally in distilled water to remove unwanted
salts and other materials. Then 10g of each seaweed
were weighed in which 5 g was shade dried and other 5
g was sun dried. Aqueous extractions of all the three
seaweeds were performed by adding 1 g of seaweed to
6 mL of phosphate buffer and incubated for 24 hours.
The supernatant was carefully separated and kept in
airtight amber bottle and stored for conducting different
assays.
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2.2 Extraction of Carrageenan and Alginate

Kappaphycus alvarezii a carragenophyte was used
in the extraction. Carrageenan extraction was performed
as described previously (Ohno et al., 1994) with slight
modifications. The alginate extraction was performed
using Sargassum wightii according to Nishigawa (1985).

2.3 Determination of Total Phenolic Content

Total phenolic content assay in each extracts were
measured using Folin-Ciocalteu method (Kahkonen et
al., 1999). 5 mL of Folin-Ciocalteu phenol reagent and
4 mL of 7.5% (w/v) sodium carbonate were added to
1 mL of seaweed extracts which were incubated for
2 hours in a dark place at room temperature for the
reaction to take place. The absorbance of the reaction
mixtures were measured at 765 nm wavelength using
spectrophotometer. Gallic acid standard was used for
comparative study.

2.4 Nitric Oxide Scavenging Assay

Phenolic compounds are considered to exhibit radical
scavenging properties (Umayaparvathi S et al., 2012).
The nitric oxide scavenging assay was performed by
adding 1.5 mL of each extract to separate test tubes
(1.5 mL distilled water was added to control instead of
extract) to which 1.5 mL of 10 mM sodium nitrite was
added and incubated for 2 hours 30 minutes, after which
1 mL of these incubated samples were added with 2 mL
of 0.33% sulphanilic acid and left for another incubation
period of 5 minutes in room temperature. Freshly
prepared 300il of 0.1% napthol was added and the
absorbance was measured at 540 nm after incubation
period.

2.5 Assay for Inhibition of Lipid Peroxidation

An oleic acid emulsion was prepared by adding 0.25
mL of oleic acid with 9.75 mL of isopropanol. 0.5 mL of
extract was added with 0.5 mL of isopropanol and 1 mL
of 0.05M phosphate buffer and stored in dark place. At
regular intervals of time (0 and 24 hours), 0.1 mL of
incubated sample was taken for the measurement of
degree of oxidation by ferric thiocyanate method. The
absorbance was recorded at 500 nm after 3 minutes
incubation.
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2.6 Beta-carotene Bleaching(BCB) Assay

[ -carotene bleaching assay was performed as earlier
described (T. Juntachote and E. Berghofer, 2005). 3 mL
aliguot of the B-carotene emulsion was added to 40 mg
of linoleic acid and 400 mg of Tween 40. After the
chloroform has evaporated, 100 mL of distilled water
was added to the mixture and mixed vigorously. The initial
absorbance values were recorded at 470 nm and 700
nm immediately. From which 3 mL of B-carotene/linoleic
acid emulsion were mixed with 100 pL of each seaweed
extract. The tubes were incubated at 50°C for 60minutes
and absorbance was recorded at 470 nm and 700 nm.

Degradation rate (DR) of B-carotene = [In (A initial /A
sample)]/60

Antioxidant activity (%) = [(DRcontrol — DRsample)/
DRcontrol] x 100

2.7 Ferrous ion Chelating (FIC) Activity

The ferric ion chelating assay was conducted using
ferrous sulphate and ferrozine (N. Singh and P.S. Rajini,
2004). 0.1 mL of extract solution was added to 1.0 ml of
0.1mM FeS04 and 1.0 ml of 0.25mM ferrozine. The
tubes were shaken well and left undisturbed for 10 min.
The absorbance was measured at 562 nm after incubation
of 10 minutes. Blank was prepared by replacing ferrozine
with water whereas the control consisted of water in
place of the extract.

Chelating effect (%) = (Acontrol- Asample)/Acontrol x
100

2.8 Ferricion Reducing Antioxidant Power (FRAP)
Assay

The FRAP assay was performed with slight
modifications from that followed earlier (HowYee Lai
and YauYan Lim, 2011). 1 mL of each extract was added
to 2.5 mL of 0.2M phosphate buffer (pH 6) and 2.5 mL
of potassium ferricyanide (1% w/v) and incubated for
20 min at 50°C, after which 2.5 mL of 10%
trichloroacetic acid was added. An aliquot of 2.5 mL of
each mixture was diluted, before adding 0.5 mL of (0.1%
wi/v) ferric chloride and incubated for about 30 minutes.
Absorbance was measured at 700 nm. A calibration curve
was constructed using gallic acid.
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Preservation
3. RESULTS AND DISCUSSION antioxidants and free radical-scavengers (Sugiharaetal.,
3.1 Total Phenolic Content 1999). The phenol content of Kappaphycus alvarezii was
found higher than others. Sargassum wightii had quite
A number of studies have focussed on the biological lower than Kappaphycus but much higher than Gracilaria
activities of phenolic compounds, which are potential corticata.
Table1 Total Phenolic Content of Seaweed Extracts
Total Phenolic Content
Seaweed Extracts Absorbance 765nm (mg (GAE)100gdw
Seaweed)
Kappaphveos alvarezu 0.96 0.92
K. alvarezii (after carrageen .
extraction) ( B . i
Sargassum wight 077 0.61
S. wightii (after alginate extraction) 061 0.34
Gracilaria corticata (fresh) 034 027
G. corticata (shade dried) 027 0.20
G. corticata (sun dried) 0.19 015
3.2 Nitric Oxide Scavenging Assay largest scavenging activity compared to others, but

Kappaphycus was quite high whereas Sargassum
The scavenging effect of the seaweeds measured showed lowest scavenging activity.
by this assay resulted in proving that Gracilaria has the

Table 2 Nitric Oxide Scavenging Effect of Seaweed Extracts

Seaweed Extracts Absorbance 540nm Sca\‘eng::;g):\cﬁ\‘it}‘

Kappaphvcus alvarezu 0.14 63.15

K. aJ'ca‘rezii (after carrageen 017 5526
extraction)

Sargassum wightii 023 3047

S. wightii (after alginate extraction) 0.19 50.00
Gracilania corticata (fresh) 0.11 71.05

G. corticata (shade dried) 0.11 45.54

G. corticata (svn dried) 0.06 71.05
Control 038

3.3 Assay for Inhibition of Lipid Peroxidation and after incubation. Further, this activity was increased

on incubation in Gracilaria and Kappaphycus whereas in
Inhibition activity of Gracilaria corticata was found Sargassum the inhibition was reduced after 24 hours of

to be higher than other two extracts in both cases- before incubation.
Table3Lipid Peroxidation - I nhibition Assay
Absorbance Inhibiting activity (%)
Seaweed Extracts - o~ Before incubation After (24 hrs)
(0 hrs)
K. alvarezii 0.19 0.14 o 7 | 61.11
S. wightii 027 0.31 40.00 13.88
G. corticata (fresh) 0.16 012 64.44 66.66
Control 043 0.36
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Fig.3 Lipid peroxidation inhibition assay — The reducing activity in percent vs three different types of seaweeds
(Kappaphycus alvarezii, Sargassum wightii & Gracilaria corticata) at two different incubation periods.

*series 1 & 2 refers to value calculated from readings taken at 0 hour & 24 hours respectively.

3.4 Beta-carotene Bleaching Assay

BCB method measured the ability of an antioxidant
to inhibit lipid peroxidation. In the BCB method, a model

system made of -carotene and linoleic acid undergoes a
rapid discoloration in the absence of an antioxidant. The
antioxidant activity was expressed as percent inhibition
relative to the control.

Table4 Beta Car otene Bleaching - I nhibition Assay

Absorbance (470 & 700nm) Antioxidation Activity (%)
Seaweed (Calculated with A470 &
Extracts Initial Sample AT700)

K alvarezii 0.18 027 0.17 025 9130 8630
S. wightii 22 031 0.16 023 51.80 79.60
G. corticata 5 . - - -
(fresh) 0.20 024 0.17 027 7540 9190
Control 0.15 020 030 039
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Kappaphvcus alvarezi Sargassum alvarezii Gracilana corticata
Type of seaweed

Fig.4 Beta carotene bleaching inhibition assay - antioxidant activity in percent vs three different types of seaweeds
(Kappaphycus alvarezii, Sargassum wightii & Gracilaria corticata) at two different wavelengths (470 & 700 nm)

*series 1 & 2 refers to value calculated from readings taken at 470nm & 700nm respectively.
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3.5 Ferrous lon Chelating (FIC) activity

Fe2+ has been known to accelerate formation of
hydroxyl radicals via the Fenton reaction, leading to
occurrence of many diseases (B. Halliwell., 1996). It is
reported that chelating agents that form -bonds with a

Preservation
metal ion, are effective secondary antioxidants since they
reduce the redox potential, thereby stabilizing the oxidized
form of the metal ion (K.S. Kumar et al., 2008). Ferrozine
can quantitatively chelate with Fe2+ and form a red
coloured complex.

Table5 Ferrousion ChelatingActivity

Seaweed Extracts Almarhance Ch_e %ating
at 562nm Activity (%)

Kappaphycus alvarezii 039 4179
K.alvarezii (after carrageenan extraction) 032 2238
Sargassum wightii 0.56 16.41

S. wightii (after alginate extraction) 048 2835
Gracilaria corticata (fresh) 038 4328

G. corticata (shade dried) 026 61.19

G. corticata (sun dried) 0.34 4925
Conftrol 0.67

3.6 Ferricion Reducing Antioxidant Power (FRAP)
Assay

In this assay, the ferric ions are reduced to ferrous,
which is a redox reaction involving single electron transfer

by the action of antioxidants in the seaweed extracts
which directly signifies the reducing power. Our present
study has shown that Sargassum wightii has got lowest
reducing activity compared to Kappaphycus alvarezii and
Gracilaria corticata.

Table6 Ferriclon ReducingActivity

: Absorbance Reducing Activity
Seaweed Extracts (700nm) (mg GAE/100gdw)
Kappal?_h}'cm 027 12.0
alvarezii
Sargassum wightn 0.13 6.0
Gracilana corticata (fresh) 0.23 114
Control 047
14 -
= g 12
g 210
= 5|
i-for
22 4-
S E 5
0
Kappaphveus Sargassumalvarezii Gracilana corticata
alvarezi
Type of Seaweed

Fig.6 Ferric ion reducing activity — plot of reducing activity in percent vs three different types of
seaweeds (Kappaphycus alvarezii, Sargassum wightii & Gracilaria corticata)

i)
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4. CONCLUSION

The difference in the correlations between TPC and
antioxidant assays indicates the versatility of the group
of phenolic compounds in the seaweeds and their
different responses to different methods for the
determination of the antioxidant activity, this difference
is due to the fact that Folin-Ciocalteau method determined
the sum of phenolic compounds, whereas individual
phenolic compounds have very different responses on
the Folin Ciocalteau reagent and antioxidant activity
(B.Matthaus, 2005).Sun drying which is widely used for
processing is found to increase the chelating activity and
phenolic content but shade drying does not produce much
effect on the phytochemicals. In general there is some
reduction in the quantity of total phenolic content after
carrageenan extraction which also reflects in its
antioxidant and free radical scavenging activity but in
the case of alginic acid extraction from Sargassum wightii,
there is some increase in the total phenolic activity as
well as antioxidant and free radical scavenging activity.
It could be due to the fact the process involved in
carrageenan production might remove part of the
polyphenols and in the alginate process, they might get
concentrated or the active molecules involved could be
contributed by substances other than polyphenols as we
can see that in fact there is some reduction in polyphenols
after alginate extraction. Retention of activity to a greater
extent gives a hope of using the waste from seaweed
industry for obtaining value added compounds from
seaweeds.
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Abstract

Carotenoid extraction from algae is currently under intensive research due to the increased demand for
naturally occurring compounds, which are especially rich in biologically active isomers. This study aimed to
improve the commercial viability of microalgae-based Lutein production using an isolated microalga Chlorella,
as it is a promising alternative source of Lutein, and can be cultivated heterotrophically with high efficiency.
In this study, a whole process of Lutein production by heterotrophic Chlorella salina, including cultivation,
reference extraction and determination of Lutein, was provided. The effects of solvents and pretreatments on
Lutein content were examined. An optimized protocol for the extraction of microalgal Lutein has been developed.
The extracted Lutein was spectroscopically characterized using UV-Vis and Fluorescence spectroscopy and
chromatographically using HPLC. The effects of pretreatment conditions were examined in terms of yield and
activity of the extracts. Hexane was shown to be the best solvent in the extraction of microalgal Lutein. Thus,
the extraction yield achieved with this process was higher than 30% of dry weight. The HPLC result coincides
apparently with the HPLC chromatogram of the previous studies of Lutein. EEM analysis revealed that the
fluorescence intensity peak appeared at an EX’Em of 450/518nm. Thus, the protocol developed in this study
allows efficient extraction of Lutein from C. salina and could be exploited commercially for large scale

production.

Keywords: C.salina, Fluorescence Spectroscopy, HPLC, Lutein, Microalgae.

1. INTRODUCTION

Carotenoids are colored lipid-soluble compounds that
can be found in higher plants and algae, as well as in
non-photosynthetic organisms like animals (although they
are not able to synthesize carotenoids), fungi, and
bacteria. Carotenoids are responsible for the red, orange
and, yellow colors of plant leaves, fruits, and flowers, as
well as for the color of feathers, crustacean shells, fish
flesh and skin, etc. (Gudin 2003; Johnson and Schroeder
1995; Negro and Garrido-Fernandez 2000). In algae and
higher plants, carotenoids play multiple and essential roles
in photosynthesis. They contribute to light harvesting,
maintain structure and function of photosynthetic
complexes, quench chlorophyll triplet states, scavenge
reactive oxygen species, and dissipate excess energy
(Demming-Adams and Adams 2002). The pigmentation
properties of carotenoids have granted to some of them
extensive application in the food and feed industry
(Borowitzka and Borowitzka 1988; Todd Lorenz and
Cysewski 2000). The requirement in aquaculture and
animal farming for these compounds also rests on their
additional positive effects on adequate growth and
reproduction of commercially valuable species.
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Lutein is among the most important carotenoids in
foods and human serum and, together with zeaxanthin,
is the essential component of the pigment present in
the macula lutea (or yellow spot) in the eye retina and
in the eye lens (Alves-Rodrigues and Shao 2004;
Whitehead et al. 2006). Lutein is used as food dyes and
especially as feed additives in aquaculture and poultry
farming (Todd Lorenz and Cysewski 2000). During the
last few years, additional applications for lutein have
received considerable interest, especially those related
to human health. Mainly on the basis of epidemiological
studies, lutein is currently considered as effective agent
for the prevention of a variety of human diseases.
Evidence supporting a protective role of lutein in delaying
chronic disease is accumulating (Mares-Perlman et al.
2002; Alves- Rodrigues and Shao 2004; Whitehead et
al. 2006).

Naturally occurring Lutein is produced mainly in
higher plants and algae (12). Compared with higher
plants, algae have an advantage since they can be
cultivated in bioreactors and thus are a continuous and
reliable source of the product (13). The main microalgal
carotenoids are astaxanthin, B-carotene and lutein. The
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carotenoid lutein can be produced by several micro-algae
(Table 1) such as Chlorella sp. (Del Campo et al., 2004;
Wei et al., 2008), Muriellopsis sp. (Del Campo et al.,
2000), Scenedesmus sp. (Sanchez et al., 2008) and
Chlamydomonas sp. (Garbayo et al., 2008). The lutein
content, unlike astaxanthin and &-carotene, is fairly
equivalent in the majority of the abovementioned
microalgal-species. However, only Muriellopsis sp. and
Scenedesmus almeriensis have been studied and tested
in scaled-up systems under mass production conditions
(Fernandez-Sevilla et al., 2010). Lutein is a primary
Carotenoid and its role is to act in maintaining the structure
and functioning of photosystems. Lutein is an important
carotenoid for pigmentation in aquaculture and poultry
farming, as well as for the coloration of drugs and
cosmetics.

Chlorella sp. is a chlorophycean microalga, which
shows high lutein content (up to 25 mg I-*culture) under
specific culture conditions, as well as high growth rate
and standing cell density. In this study, a whole process
of Lutein production by heterotrophic Chlorella salina,
including cultivation, reference extraction and
determination of Lutein, was provided. Several important
parameters for extraction were optimized and
satisfactory extraction efficiency was achieved, which
can be useful for exploitation in a large scale. The
objective of this research was to optimize an analytical
procedure for lutein extraction from microalgae. The
focus was on solvent mixture, pretreatment, and cell
disruption method. Not only the amount of extracted lutein
was considered, but also the potential effect of the
extraction procedure on degradation of the compound.

2. MATERIALS AND METHODS
2.1. Micro Algae Culturing and Harvesting

Chlorella salina was obtained from CIBA, Chennai,
Tamilnadu, India, and cultivated heterotrophically in
Microalgal laboratory at Sathyabama University using
sterile f/2 medium (Guillard and Ryther, 1962) under 5000
lux illuminated with white fluorescent bulb for 12:12hr
light and dark condition for 15 days. Growth was
monitored by measuring the optical density at 550nm.
When the culture reached stationary phase, the biomass
was harvested by centrifugation at 8500rpm for 10min
to get thick algal paste. Then the microalgal paste was
rinsed with distilled water to remove residual salts and
then dried in hot air oven at 60°C for 8 h.

Microalgae ChlorellaSalina
2.2. Effect of Cell Disruption Methods

Various pretreatment methods were adopted to break
microalgal cells for effective extraction of Lutein. The
overall procedures of Lutein extraction from microalgae
composed mainly of cell disruption, saponification, and
solvent extraction steps have been reported in the
literature. In this study, different methods like acid lysis,
ultrasonication and thermal treatment using autoclave
were used to break microalgal cells. In brief, 2-3g of
biomass was used; processing time differs from 1hr-3hr
to observe the efficiency of the cell disrupting methods.
The autoclave was operated at 121°C, 15lbs pressure
for 10min, 20min, and 30min; the ultrasonicator was
operated at 70 aptitudes for 5min, 10min, and 15 min.
A control experiment was carried out under optimum
condition without any pretreatment. To validate the
disruption success the absorption of centrifuged samples
(3 min at 13400 rpm; dilution 1/10) were photometrically
measured.

2.3 Effect of Solvent on Extraction

The investigation on the best solvent for efficient
extraction of Lutein from microalgal cells was carried
out. Freeze-dried microalgae were extracted using
different organic solvents and their lutein contents were
investigated using UV-Vis spectroscopy (Shimadzu Co.,
Ltd., Japan) at 450nm. The solvents often used in the
literature such as Dichloromethane, Acetone, Methanol,
hexane and Diethyl ether were tested. Lutein content
extracted using different solvents were compared. The
mixture was centrifuged at 1000 rpm for 2-3 min. The
supernatant (organic phase) was then collected.
Repeated extraction was carried out to recover lutein
from the microalgal suspension.

Concentration of Lutein (ug/g of sample) =
A XV (ml) X dilution factor

€XW(g)
Where, A= Absorbance at 446 nm, V = Volume of extract
in ml, €= Absorption coefficient (2589), W= Dry weight
of sample.

2.4. Extraction of Lutein

Cell slurries from acid treatment, ultrasonication, and
autoclaving were subjected to Lutein extraction by Shi
and Chen (12). In brief, 2ml of thoroughly mixed culture
fluid was centrifuged at 3000 rpm for 10min, and the
supernatant, and the supernatant was discarded. 1 ml of
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a solution containing 2.5% ascorbic acid and 10 M KOH
was added to the conical tube containing the cell pellets,
and the mixture was incubated at 60°C for 10 min before
cooled down to room temperature. Nineteen ml of
methanol was subsequently added to mixture for the
extraction of Lutein. The mixture was then centrifuged
at 3000 rpm for 15 min at 4°C, and the supernatant was
collected and lyophilized to obtain powdered lutein.

2.6 Chromatography Analysis and Purification of
Lutein

The extracted carotenoids were determined by
HPLC, using a C18 column (5um, 150mmx46). The
mobile phase consisted of methanol/acetonitrile (90:10
VIV) and flow rate was at 1.0 mL/min. Peaks were
monitored at 450 nm, and absorption spectra of each
peak were scanned from 190 to 800 nm using dual A
absorbance detector.

3. RESULTS AND DISCUSSION
3.1 Effect of Solvent

Another important consideration of extraction
efficiency is the type of solvent used [31]. In literature,
various solvents were used to evaluate the extraction
efficiency for pigments, whereas no universal protocol
was developed for this purpose since solvent selection
seems to be greatly dependent on the type of microalgae
species and target pigments [28, 30]. Therefore, it is still
necessary to identify the best solvent for lutein recovery
from C. salina. In this study, the solvents used were
hexane, diethyl ether, acetone, dichloromethane, ethanol
and methanol, with 4-6 extraction runs until the
supernatant phase were colorless. Higher recovery of
lutein was achieved with the use of Hexane (with lutein
content 2.51 mg/g; nearly 100% recovery), Methanol
(lutein content 2.00 mg/g or 90% recovery) and Acetone
(lutein content 1.83 mg/g or 70% recovery).
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Fig.1 Effect of different solvents on lutein recovery
3.2 Effect of Cell Disruption Methods

The cell wall is a complex entity with unique
characteristics related to the growth phase of a given
microalga species: it differs in thickness, rigidity and its
constituents. Production of algal lutein included cell
cultivation, biomass harvesting, cell wall disruption, and
subsequent extraction and purification steps. Owing to
the presence of thick cell wall of the microalgae, the
extent of cell wall breaking greatly influences the
efficiency of the pigment extraction (Ming-Chang Chan
et al., 2013). Several methods such as acid hydrolysis,
ultrasonic treatment and thermal treatment were used in
the work to disrupt the cell walls for recover intracellular
lutein. The amount of Lutein extracted from C. salina
was used as an indication of the efficiency of the cell-
disruption method used. No significant differences could
be detected between the different cell-disruption methods,
which indicate that the cell wall is penetrated or dissolved
by the solvents used, so it does not need to be destroyed
for optimum extraction. The spectrophotometric analysis
of the crude extract were analyzed from 300-700nm.
Despite using a large volume of solvent for extraction
complete decolourization of the algae were not observed.
Chlorophyll was not completely removed from the
sample. Spectrophotometer analysis showed a major
peak at 444nm and a shoulder peak at 648nm
corresponding to that of chlorophyll. Spectrum shows
shift in the wavelength of Lutein after acidic treatment.
The acid treatment resulted in oxidative decomposition
or cis/trans transformation as shown by shift in absorption
spectra. Similar observations were made with various
concentrations of HCI on Rhodotorula yeasts (Peterson
et al., 1954) and in spinach by Kachick et al., (1991).
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Fig. 4 Spectrum of ultrasound assisted extraction of Lutein
at various reaction periods (10min &15min)

3.3 Chromatographic analysis and Fluorescence
Emission

The carotenoid profile was quantified by HPLC after
a reference extraction procedure. The HPLC analysis

Microalgae ChlorellaSalina
results indicate that the compound in the solution was
detected at retention time of about 4.35 mins. The typical
HPLC spectra of lutein extracted from C. salina was
shown in Fig.5. Results are identified with the help of
standards and of comparison with that of literature results
(Hejazi et al., 2002). Fluorescence properties were
investigated using fluorescence spectrometer (Shimdazu,
RF-5301). EEM Fluorescence Spectrometer was used
to identify the optimum excitation and emission of the
species. To Date, reports on the observation of micro
algal compounds using EEM fluorescence Spectrometer
are quite limited. Upon excitation with 450 nm light, the
emission spectra of Lutein show two peaks at 450 nm.
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Fig.5 HPLC Chromatogram of purified Lutein (after
saponification) at 450nm
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Fig.6 Excitation Emission maxima of Lutein at 450nm

4. CONCLUSION

An optimized analytical procedure was developed for
lutein extraction from microalgae. The amount lutein
extracted from microalgal biomass is highly dependent
on the solvent used. Hexane gave the highest lutein
content and is thus preferred most effective solvent.
When performing this dried biomass seems to be good
this makes weighing easier. No significant differences
were observed between pigment amounts (from each
pretreatment) analyzed by UV/visible light spectrometry.
The differences in pigment composition between studies
give reliable evidence that carotenoids respond

IJEST Vol.10 No.1 January - June 2016



S. Gayathri, S.R. Radhika Rajasree, L. Aranganathan and T.Y. Suman

distinctively to growth conditions. Although it is widely
known that these substances are quite sensitive to
environmental changes, the methodological differences
in the studies cited may actually be the principal reason
behind the variable pigment composition reported therein.
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Biophar maceuticals and Nutraceuticals from Marine Species and Marine Waste

T. Charles John Bhaskar
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Abstract

McKinsky puts the Global turnover of $163 Billion in 2014 for Biopharmaceuticals. Annual growth of
about 8% is double compared to the conventional pharma growth. The manufacturing facilities right now
require $200 to 500 million. Nutraceuticals form another important class of molecules gaining popularity due
to less stringent regulations by FDA and increasing awareness among the common public on Antioxidants,
probiotics, probiotics, Free Radical Scavengers, etc., The paper will deal with the scenario in different
countries with special reference to the Indian scenario. The diversity of such molecules spread across several
marine plants and animals and their biopharamacological properties, such as antiviral, antineoplastic, novel
anticoagulants, antiinflammatory, antibacterial and the nutraceutical molecules which have much potential
from the sea will be dealt with. A review of opportunities for exploitation of such biopharmaceuticals and
nutraceuticals from even marine waste would be made opening up to new avenues for research and exploitation
considering the vast coastal areas of India. How an Institutional — Industrial Collaboration could open up a
new win-win for both and how it could help the country at large especially in the days of Made-in India
campaigns would be discussed.

1. INTRODUCTION a conventional pharmaceutical compounds and biopharma
compounds will make one understand why this industry

McKinsksy report states the Global turnover to be is unique and important. For example if you take the

of $163 Billion in 2014 for Biopharmaceuticals. molecule aspirin, it consists of just about 21 atoms with
Biopharma’s current annual growth is about 8% which a molecular weight of 180.187 Daltons whereas a
is more than double as compared to the conventional monoclonal antibody has a molecular weight of 150,000

pharma companies * growth and is expected to grow Daltons.
with a CAGR (Compound Annual Growth Rate) of 9.6%
during the period 2015 — 2020. Table 1 brings out the essential differences between
the two products in terms of the process, cost and ease
The Biopharma industry is much different from the production.
conventional pharma industries. The differences between
Table1 Processand Cost of Production

Phamma Products Bio phamma Products
Process of Production Relatively Simple More Complicated
Process Timings Relatively Short Longer Durations
Cost of Production $30to 100 nullion $200to 500 million
"elds Good Low Yields
Skill Requirement Relatively Less High Skills Required

It could be seen from the Graph 1, how the major K.B. 2013). The global market for marine-derived
biopharma giants around the globe are shifting their pharmaceuticals was valued at nearly $4.8 billion in 2011,
production towards more of biopharmaceuticals. Indian $5.3 billion in 2012, and is projected to be worth nearly
Biopharma revenue is about $3 Billion in 2014 which is $8.6 billion by 2016, a compound annual growth rate

64 % of the all Biotech industries. (CAGR) of 12.5% between 2011 and 2016 ( Ref.3).
2 MARINE BIOPHARMACEUTICALS AND According to the author as quoted by Biospectrum,
ITSEXPECTED GROWTH Marine Biotechnology should account for around 20 to

25 percent share in the total biotech industry. Marine
biotechnology will play a major role in various sectors
such as biopharma, bioagri, bioindustries and bioenergy.
49 IJEST Vol.10 No.1 January - June 2016

About 20,000 Marine Bioactive compounds have been
isolated in the last 50 years (Mayer A.M.S. and Glaser
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Graph.1 Change in revenue of the major biopharma companies

This will include both biopharmaceuticals and

nutraceuticals.

Some of the biopharmaceutical molecules, their origin,
species from which they are obtained and their broad
classification and their activity are given in the Table 2.
The biodiversity of their occurrence is interesting as
they occur in cyanobacteria to algae to lower animals
such as sponges and even higher animals such as shark.
Their complexity could be seen from the example of
Pectiontoxin from Dinoflagellate, Dinophysis caudata
(Figure 1) and Didedemins from Tunicate, Trididemnum

solidum (Figure 2).

3. NUTRACEUTICALS FROM MARINE
ORGANISMS

Dr Stephen DeFelice coined the term
“Nutraceutical” from “Nutrition” and “Pharmaceutical”
in 1989. According to Manisha Pandey et al (2010),
nutraceuticals can be classified as:
1.Antioxidants
2. Prebiotics
3. Probiotics
4. Omega 3 fatty acids
5. Dietary fibers

According to the present author it can include a wide

B AL A A A
: 4 |

L9 CHy CH, —

0 range of substances and microbes and can be classified

] as:

1)Prebiotics

N 2) Probiotics

me o\
NN N as vitamins and minerals,

3) Additives that are involved in the metabolism such

4) Essential Fatty acids including the omega 3 fatty acids
5) Antioxidants & Free radical scavengers

Fig.1 Pectinotoxin from Dinoflagellate, Dinophysis caudate

6) Dietary fibers
7) Immunostimulants

‘ 8) Molecules preventing diseases or modifying diseases
—1! like arthritis, diabetes but are not

e synthetic.

9) Antimicrobials of plant origin that are not antibiotics

10) Detoxifiers and others

According to a recent study published by
Transparency Market Research, the global nutraceuticals

S market stood at US$182.60 bn as of 2015, and will rise

to US$278.96 bn by 2021, exhibiting a CAGR of 7.3%
from 2015 through 2021. Indian nutraceutical industry

Fig.2 Didedemins from Tunicate, Trididemnum solidum
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Table 2 Some Biophar maceutical Substancesfrom Sea

bound to grow to 6%.1 Billion in 2020 (Graph.2).

Species / . "
Classification Organism Compound Action
Cyanobactena L}‘Ingbla Curacin A Antitumour

? majuscula
: Cryptothesia Spongothymidine, Antiviral,
Porifera i :
crypta Spongouidine, Antitumour
Phytoplankton Dnciphys DTX2 Anti nflamatory
G acuta o
Eudistoma i
Tunicate g Eudistomins antibactenal anti
olivaceum,
tumour
& s . Anticoagulant,
Manne Algae Ulva Camrageenans Asibivaial
st Salinospora Salinosporamide Am?nnc robial,
= A anticancerous
Antineoplastic,
Bryozoans Bucula nentina Bryostatin I anti viral, anti
mflammatory
Anti microbial,
Echinodermata | Holothuroidea Holothunn antl tumoyrﬁ
nerve blocking,
healing agent.
Business Consultancy Services is $2.8 Billion and is 3. Micro algae
4. Fodders
5. Chitosan

India Nutraceuticals Market (Billion USS)
c»@?‘"*ﬁ“"'
2015e 2016f 2017fF "'018f 2019f 2020f

Fig.2 Indian nutraceuticals market trend

Nutraceuticals from marine sources is bound to
increase with time. Some of the Food and nutraceuticals
obtained from the marine sources are listed below:

1. Fish breads, fish oils, shark fin soup, etc
2. Seaweeds

o1

6. Astaxanthine
7. Bio Available Calcium from cuttlebone

Seaweeds are used in the manufacture of alginic
acid, agar, floridean starch, carageenan, ulvans and xylans
to name a few. Many types of seaweed have shown
high antioxidant and free radical scavenger activities in
our laboratories studies and they provide good opportunity
for production of nutraceuticals for use in human and
veterinary products.

4. MARINE WASTES AS A SOURCE OF
NUTRACEUTICALS

According to CMFRI report 3.59 million tons was
the fish landing in India during 2014. About 80 % of it is
from finfish. About 30% of this is discarded as waste.
Shrimp production according to Times of India during
2014-15 was 4,34,558 MT. From fish waste protein
hydrolysate or collagen from fish scale can be obtained.

IJEST Vol.10 No.1 January - June 2016



T. Charles John Bhaskar

The discards from the processing plants amount to
20 million tonnes which is equivalent to 25% of the
world’s total production from marine capture fisheries
[4]. These wastes can be used to produce fish protein
concentrate, fish oils and enzymes (such as pepsin and
chymotrypsin) as well as other value added products.
The fish oil is used for products such as margarine,
omega-3 fatty acids ( Ghaly AE, 2013).

Another waste is fish scale which could be used for
production of pure and good quality collagen that be used
by pharma industries. Many of the fish industries which
export finished products produce huge wastes which
mostly go as fertilizers or fodders. For example after
the production of alginic acid or agar or carageenan the
waste goes for fertilizer use or are burnt. Studies by our
company indicate that, there is an appreciable amount
of antioxidant and nutraceutical activity still left in these
wastes. Many pigments could be still extracted from
these wastes.

Shrimp shell and head forms about 40% the shrimp.
From shrimp shell one can manufacture Chitosan which
is implicated in cholesterol reducing activity as well as
useful in age related problems in humans (Garry Kerch.
2015) Chitosan is a linear polysaccharide consisting of
(1-4)-linked 2-amino-2-deoxy-b-D-glucopyranose
(Roberts GAF.,1992). Another derivative from shrimp
shell N-Acetyl Glucosamine is used in osteoarthritis
(Garry Kerch 2015). The process of manufacturing chitin
for example is simple involving demineralization by an
acid followed by deproteinization by an alkali and then
decolorization with hydrogen peroxide. If this product is
further deacylated chitosan is obtained.

5. INDUSTRY-INSTITUTION
COLLABORATION FOR RESEARCH AND
COMMERCIALIZATION

Industry-Institution collaboration could take place
at various levels. In simple case students’ project could
be provided by the industries which are industry specific.
Though a new product may not emerge in 3 to 6 months,
many steps leading to better product or help industry in
standardising processes or optimize the processes in their
industries. The collaboration could also work where in
first 4 months of the project duration could be spent in
industry and the next 2 months along with the Technology
Business Incubators in the colleges / Universities leading
to entrepreneurship spirit among the students and
commercialization of a few products.

IJEST Vol.10 No.1 January - June 2016
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Industry-Academia -Research/Government Interface
(IARGI) from CSIR, ICAR and many Industrial
Associations are of immense importance in this direction.
Though listing out the entire array of opportunities and
Government initiatives in the Industry —Academia is
possible here, certain schemes such as Industry Institute
Partnership Cell (IIPC), Small Business Innovation
Research Initiative(SBIRI),and Biotechnology Ignition
Grant Scheme (BIG) are worth mentioning.
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Abstract

Pressure part pipe headers in thermal power plants are being mostly manufactured using high strength
alloy stedl materials. Conventional method of welding the pipe header joints has been carried out by using
Gas Tungsten Arc Welding (GTAW) root pass followed subsequent passes by Shielded Metal Arc Welding
(SMAW) processes. In order to develop an alternate welding process with improved the weld quality, a full Gas
Metal Arc WHding (GMAW) technology (Modified short arc process as Surface Tension Transfer (STT) root
pass followed subsequent passes by pulsed current GMAW process) for header weld joints have been
established. This paper deals with the analysis of mechanical properties of the alloy sted weld joints welded
by modified GMAW process and comparison with respect to conventional Shielded Metal Arc weld joint
properties of alloy stedl grade 22 material.

Keywords: Alloy steel Gr.22 material, Mechanical testing, Pulsed GMAW Process, Surface Tension Transfer,
SMAW Process.

1. INTRODUCTION

Alloy sted isstedl containing specified quantities ( HEADER )

of elements (other than carbon and commonly
accepted amounts of manganese, copper, silicon, sulphur DISH END
and phosphorus) within the limits recognized for
constructional aloy steels added to effect changes in
mechanical or physical properties. As a guideline,
alloying elements are added in lower percentages (less
than 5%) to increase strength or harden ability, or in
larger percentages (over 5%) to achieve special 2. STT WELDING PROCESS

properties, such as corrosion resistance or extreme

temperature stability. The pipe headersin thermal power STT (Surface Tension Transfer) welding process
plant boilers are predominantly of thedloy sted materid is modern, high efficient and high qudity welding
based on the high pressure application used for the process for thin wall materialsjoining and joining a root
circulation of steam and water in the boiler and play a passes of thick materials. STT welding power source
vitd roleinthefluid transfer required for the performance provide stabile main weding parameters during
of the boiler. Mostly the headers are provided with a wel ding process which enable welding by “short circuit
hand hole covered by dish end for maintenance purpose. arc”. The materid transfer in dectric arc is founded on
Conventiond welding of dish end to thehand holeisdone surface tension force between weld pool and melted
usingaGTAW processfor root passand SMAW process bead in dectric arc. STT unit frequently and precisely
for filler pass which involves more time for the controls welding current during welding. It sets an
completion of one number of hand hole to the dish end optimal welding parameters (which are stabile) by
butt joint. Hence to reduce this cycle time and improve significant changing of arc length and “stick out”.
the welding performance, an dternative method of Principally, it iswelding unit with possibility of welding
welding using STT welding followed by Pulsed parameters changing in millisecondsin order to obtain
GMAW processis planned. Also, it is ensured that the an optimal quality of welded joint. It is designed as a
qudity of welding will be equivalent to the conventiona semiautomatic welding process for application where
wel ding process with reduced welding defects such as welding speed and “stick out” are variable. At STT
lack of fusion, incompl ete penetrati on problem and etc.

Fig.1 Typical hand hole pipe and dish end of the
pipe headers
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welding processit is possible to use different shielding
gases and gases mixtures depending on application.

Surface Tension Transfer

Electrode 10 ‘] |
work volts ¥ |

.— |

o 12U Ty

Figure 1 - Graph of STT waveform output

Time —»

Fig. 2 Distribution of welding parametersin
STT welding process

Conventiona method welding of alloy sted pipesis
either by manual or automatic TIG welding process
(Tungsten Inert Gas) as a single bead or multi bead
process. For joining higher diameter pipes combination
of welding processes TIG + SMAW (Shielding Metd
Arc Wdding) or TIG + SMAW + SAW (Submerged
Arc Wdding) is usualy used, depending on available
equipment. Manua TIG welding processis used for root
passeswhi ch isthe most important and the most complex
from the standpoint of weld ability (welding in non-
accessible areas, deniveldioninthat joint areaisthe most
evident, gap in weld joint root must
be in rigid tolerance, preheating and gas shielding
from root joint pipe side aggravate welding). STT
welding process is process which will replace manua
TIGweding processin described situation. STT welding
process has some differences regarding to other fusion
arc welding processes such as performing of welding
processisin cycles, vaid welding parameters set up on
power source display assure stability of eectric arc and
the whole welding process as arepeatability of welding
process and welding current is changing in milliseconds,
depending of process arc voltage sensing.

3. DESIGN METHODOLOGY

The advantage of using full Gas Metal Arc Welding
(GMAW) process is producing comparatively faster,
long, clean, continuousweld of thick wall dloy steel pipe
with respect to conventionally used Shielded Metal Arc
Welding (SMAW) process has been established.
However, the necessity of applying the conventiona
GMAW process in short and spray modes of metad
transfer in welding of root and filler passes respectively
has led to high spatter, burn through and large amount of
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metal deposition. Control of the adverse influence of
conventional GMAW on required weld joint quality has
been successfully addressed by application of surface
tension transfer (STT) for root pass followed by pul sed
current GMAW (P-GMAW) process for filler passes.
In order to increase the productivity with desired weld
joint quality, the semi- automatic welding positioner is
used. Prior to its application the suitability and
effectiveness of the positioner with respect to speed
control and GM AW torch head manipulation in groove
wastested. After that, by using the positioner full GMAW
technology for hand-hole pipe butt welding were
established. The quaity of weld joints hasbeen checked
and anadyzed by X-ray radiography. Further, to qualify
the weld joint conventional mechanical propertieshave
been studied.

4. DESIGN OF EXPERIMENT

For selecting the optimum parameter for welding of
hand hole pipe, Taguchi orthogona L4 array has been
sdected with threefactorsand 2 levels. Thethreefactors
are namely, welding current, welding voltage and trave
speed. From the output, propertieslike bead width, bead
height and penetration was calculated. Based on the
necessary penetration, bead width and bead height the
parameters were selected. The optimum parameters for
the welding were around Current 220 A, Voltage 38 V
and Travel speed 28 mm/min.

Table1Taguchi’sL4 Orthogonal Array Method

Welding Welding Travel Speed ,
Current , A Voltage , V mm/min
200 36 24
200 38 26
220 36 26
220 38 28

5. EXPERIMENTAL SETUP

A semi-automati c welding positioner along with torch
head attachment is used for the welding process. The
welding positioner consists of a three jaw chuck,
electrical motor assembly, speed controller box with
digital display and torch holding device. The positioner
can operate with various wel ding speeds by controlling
the knob fitted within speed controller box. Weld groove
has been prepared as per conventiona groove design for
edge preparation. Prior to welding, the groove surface
was checked visually followed by acetone cleaning to
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ensure the clean groove wall. The welding was carried
out by multi-pass gas metal arc welding process. During
wel ding, the pipeswere held horizontally with the help of
three jaws clamping system in a rotating table and the
welding was carried out in 1GR position. Theroot pass
was carried out by wave form controlled GMAW,
commonly referred as surface tension transfer (STT)
process followed by pulsed current GMAW process.
After each weld pass, gppearance of the weld deposit
has been visually checked. During welding al the
parameters were recorded with the help of digital
controlled meter fitted with the welding power source.
Thephotographic view of theexperimental stupisshown
below.

(b)
Fig.3 (a) & (b) showing the photograph of welding
positioner and welding process

6. MECHANICAL TESTING OF WELDING

After carrying out the welding, sectioning of the weld
joints was made by power saw and the test specimens
were prepared of various mechanical tests. The
collection of differently oriented specimens for
mechanical tests from different location of the weld in
reference to the weld joint has been shown.

Conventional SMAW Process

/ w Metallography

Axial Tansila

| Band

H

Fig.4 Schematic representation of test specimens collected
for mechanical testing

\

6.1 Studies on Tensle Test

Asper AWSBA4.0 standard, tensile testing of the axial
weld joint having weld at its center has been carried out
using flat tensile test specimens. Comparison of tensile
strength of theweld joints (after PWHT) of the specimen
welded by STT root pass followed by Pulsed GMAW
process and specimen welded by conventiona SMAW
process have been tabulated below. The values depicts
that weld joints of the modified GMAW processis better
than the conventiona method of welding.

Table2 TensileSrength of Weld Joints

Tensile Strength in Mpa
SLNo | Modified GMAW Conventional
Process SMAW Process
1 463 468
2 478 473
3 483 481

The axial tensile property of the weld joints weld
by full GMAW process is done in Universal Testing
Machine UTE-60. It is observed that, fracture occurred
in base metal and not in the weld joints as shown below
and it ensures that the weld joints meets the quality
reguirement.

IJEST Vol.10 No.1 January - June 2016
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(b)
Fig.5(8) & (b) Fracturelocation of weld joints after tensile
testing

6.2 Studies on Bend Test

The side faces and root bend tests of pipe weld joint
has been carried out as per AWS B4.0 standard. The
sideroot and face bend results of theweld joints prepared
by full GMAW procedure are as aso shown below in
figure 6. It is observed that, after bending the specimens
are not showing any open discontinuity or cracks. Thus,
it infers that the weld joints prepared by full GMAW
procedure showed good formability.

IJEST Vol.10 No.1 January - June 2016

(b)
Fig.6 (a) & (b) showing the photograph of bend tested
specimens

6.3 Studies on Hardness Test

Using Vickers’s hardness testing machine, the
distribution of hardness across the weld joint with
referenceto theHAZ adjacent to fusion linewas studied
a aload of 10 kg. The hardness test was performed
according to the ASTM E92 standard. Hardness of the
specimen by welded by STT root pass followed by
Pulsed GMAW process and specimen welded by
conventional SMAW process has been given below.

Table3Hardnessof Wdd Joint
Hardness, HV ( After PWHT)
N Modified GMAW Conventional SMAW
Process Process
1 in 172
2 175 173
3 176 175

Comparison of hardness of theweld joins of the two
specimens have been graphically represented below,
which shows the hardness of the weld joints are better
in the modified GMAW process compared to the
conventional SMAW process.

177 7
176 -
E 11'5 -
B 174 -
B 173
g 172 -
.g - === Nodified GMAW
3 171 A process
170 - == Conventional SMAW
169 process
168
Value 1 Value 2 Value 3

Fig.7 Graphica comparison of hardness of weld joints
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6.4 Studies on Impact Toughness

Impact toughness of the weld joint (after PWHT) of
the specimen welded by STT root pass followed by
Pulsed GMAW process have been studied and it is
compared to the specimen welded by conventional
welding processisgiven beow:

Table4 Cv - Impact Toughnessof Weld Joint

CV, Impact Toughness, Jr“m3

(After PWHT)
SL.No. ™ Modified Conventional
GMAW Process| SMAW Process
1 235 236
2 233 234
3 230 232

Comparison of impact toughness of the weld
joins of the two specimens have been graphicdly
represented be ow, which shows the impact toughness
of the weld joints are similar and meets the standard
quality requirements.

237 -
236 -
235 -
234 -
233 -
232 A
231 -
230 -
229 —&— Modified GMAW Process

228 4 =—il—ConventionSMAW Processal
227

Impact Toughness, CV inJ/m?

Value 1 Value 2 Value 3

Fig. 8 Graphical comparison of impact toughness
of weldjoints

7. CONCLUSIONS

Thus, full Gas Metal Arc Welding (GMAW)
technology (Modified short arc process as Surface
Tension Transfer (STT) root pass followed subsequent
passes by pulsed current GMAW process) have been
established for weld joints of hand hole pipe and dish end
of thealloy sted pipe headers. Thewed joints prepared
by full GMAW technol ogy meets required radiography
and mechanica properties. Thus it is equivalent and
aternate wd ding process for the time consuming welding
process of GTAW root pass followed by SMAW
process. Also it is concluded that there is a significant

Conventional SMAW Process
improvement in weld quality and productivity with
reduced cycle timeby using modified GMAW process.
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Abstract

The investigation of soft materials is done for developing an anthropomorphic robotic fingertip in dexterous
manipulation. Some of the soft materials are natural rubber, synthetic rubber, elastomer, polymer composite
and nano-particulated polymer composite. The parametric relationships are investigated and some
interesting results were found by using of Finite Element package ANSYSTM. The contact parameters of
different materials are compared to the human skin values and the best soft material which behaves similar to
the human skin was chosen for better grasping of anthropomorphic Robotic fingers.

Keywords: Anthropomorphic Robots, Contact Mechanics, Finite Element Analysis, Soft Finger Contacts

1. INTRODUCTION

In designing an anthropomorphic robot, fingertip
design plays a vital role. In dexterous manipulations in
anthropomorphic robots requires a soft material for good
effective grasping. By nature, human skin can conform
to the object easily. Mostly the robot has linear elastic
material for grasping, which cannot conform to object
easily and it may damage object while applying larger
force. So the non-linear elastic materials are used recent
decades.

In 1882, Hertz(6) studied the growth of contact area
as a function of applied normal force N based on a linear
elastic model. He conducted experiments using a
spherical glass lens against a planar glass plate. From
the results he concluded that the radius of contact was
proportional to the normal force raised to the power of 1/
3 which was consistent with the analytical results based
on the linear elastic model. In the theory of large elastic
deformation, in 1949 Mooney derived the general stress
relation for hyper-elastic materials.

In 1985 Jameson first used Hertzian contact theory
to derive the relationship between the shear force and
moment, later called limit surface. In 1969
Schallamach(16) and Cutkoskyet al(4). In 1992
exploredperformance of various kinds of rubbers in their
research for complaint materials that will provide ideal
skin for artificial robot fingers. Contact mechanics for
soft robotic fingers.

In 1989 Tatara(17) and 1991 Tatara et al(18).verified
over experimentations that the Hertzian model is not
effective for the modelling of non-linear elastic materials
comprising large deformations and this theory proposed
that non-linear elastic material show large deformation
over small applied loads.In 1996 Han et al(5). also have
done work in artificial finger design, using data obtained
from experiments on human subjects. In 1999 Xydas and
Kao(20) developed a power-law theory for soft
hemispherical fingertips. This power-law was suggested
for soft fingers, which behaved more like non-linear
contacts.In 2000 ToruOmata et al (14). attempted to
determine the static indeterminacy of the grasp force
which is a fundamental problem in power grasping if
static friction is considered in the contact points. In 2003
Byoung-Ho Kim et al(15). analysed the fundamental
deformation effect of soft fingertip in two fingered object
manipulation. In 2005 Seifert et al. applied yeoh, Mooney-
Rivlin and St- Venant-Kirchof(2,3,9)models for modeling
of skeletal muscles.In 2011 Elango and Marappan(11)
investigated the fundamental deformation effect of robot
soft finger by analyzing the contact area, displacement
and pressure. They used Ogden model for analysis. In
2013

K.Venkatesh Raja and R.Malayalamurthi(19)

Assessment and influence of internal rigid core on the
contact parameters for soft hemispherical fingertips.
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From this literature review, very few authors compared
the non-linear elastic materials to the human skin for best
grasping which is very essential in robotic dexterous
manipulation. The main purpose of this research work is
to propose a best grasping material with comparison of
human skin. From the comparison some interesting
results were discussed using Finite Element Analysis.

2. REVIEW OF BASIC THEORIES FOR SOFT
FINGERTIP MODELING
2.1. Hertz theory of Non-Linear Elastic Materials

Hertz studied the growth of contact area as a function
of the applied normal force, based on the linear elastic
model. He conducted experiments using a spherical glass
lens against a planar glass plate. Using the experimental
results from 10 trials, He concluded that the radius of
contact is proportional to the normal force raised to the
powerl/3.

The following equation relates the applied normal
force (N) and the developed radius of contact.
Nl/3 (1)

2.2 Power Law Theory- Non Linear Elastic
Materials

Xydas and Kao (20) extended the linear elastic
contact model phenomena of soft finger were described
by a power law theory more realistically.

a=CNY 2
Here,
a= Contact Radius
C= Geometric Constant
N= Normal Force
=Material Dependent Constant

The varies from 0 to 1/3 for non-linear material and
zero for an ideal soft finger.

3. SOFT FINGER CONTACT MODEL

The sectional view of the proposed soft hemispherical
fingertip model is illustrated in figure 1. The fingertip is
loaded in the normal direction to the rigid plane in contact
with the tip, and is coupled in the UY direction in order to
ensure that the normal load is being applied uniformly
throughout the upper surface. A commercial finite element
package, is applied for solving the non-linear contact
problem.

IJEST Vol.10 No.1 January - June 2016

Targed Suriace

Fig.1 Hemispherical model of a fingertip
3.1 Fea Model

The element type is PLANE 183 and the condition is
Axis Symmetry. The Surface to Surface contact was
selected here. So that the fingertip is coupled on UY
Direction and Target Surface is arrested in all directions.
The selected materials in are Neoprene, Silicone Rubber,
Natural Rubber, Tango Plus. The contact element used
on the sphere surface area of type CONTACT 172. This
type of contact element has three nodes, and six degrees
of freedom. The three nodes allow the element to be a
curved parabolic shape, thus matches more accurately
to the surface of sphere. The single target element used
on the flat surface is of type TARGET 169. The
fingertip is passed by force on a_Flat Surface material
made up of Mild Steel (E= =2*10° N/mm )

o ot

Fig.2 FEA model of soft- flngert| p
4. RESULTS AND DISCUSSIONS

The results of Finite Element Analysis discussed in
three parametric areas: The contact radius vs. normal
force based on the power law theory, Contact pressure
vs. normal force, vertical depression vs. normal force.
The magnitude of the normal force is varied from 0 to
200N for simulation. The discussions on three parametric
areas are presented in the following section.
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Table1 Ogden Constant values. (13,14)

Materials Ogden Values
[Neoprene [p=0, 167 MPa, 0=6.95 MPa
Silicona ip=o 4045 MPa, 0=0.7438 MPa
Silicone R45 ip=0.?055 MPa, 0=1.0546 MPa
Silicone 8000 ;p=0 53571 MPa, o=1.1609 MPa
Natural Rubber |p=1 A2 MPa, =29 MPa
Human Skin lp=0_1 1 MPa, a=9 MPa

4.1 Discussion on Contact Radius vs. Normal
Force

Figure 3 illustrates the relationship between the radius
of contact and the magnitude of the normal force.

According to the values of the C and, the material
are selected for anthropomorphic robots fingertip.

The neoprene material value is perfectly closer to the
human skin value and also the slope of both materials is
90% matching with the human skin values.

Silicone values are also nearer to the human skin
value. So it is optimal material for anthropomorphic
robots manipulation. Natural rubber value is entirely
different for human skin values. So the natural rubber is
not directly used for manipulation.

Finally it was clear that the neoprene and silicone
materials are perfectly suitable non- linear elastic
material for the anthropomorphic robotics fingertip.

16
14
e 12 = Neoprene
E
g’ 10 == Silicone
E i = Tango Plus
E === Silicone R45
6
E === Silicone 8000
S a —@— Natural Rubber
2 Human Skin
0
0 50 100 150 200
LOAD (N)
Fig.3 Relationship between the contact radius vs. the normal load.
1.6
1.4
e
E
g 1.2 === Neoprene
—
=
E 1 =il Silicone
o
% - wde=Tango Plus
& === Silicone R45
U 0.6 A b
G Silicone 2000
-
g 0.4 =@ Natural Rubber
o
0.2 Human Skin
0
0 50 100 150 200
LOAD(N)

Fig.4 Relationship between the contact pressure vs. the normal load

61
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4.2 Discussion on Contact pressure vs. Normal Force

1.6

=
B

=
(¥

=

=@ Neoprene
= Silicone

«d=Tango Plus

=== Silicone R45

#e=Silicone 8000

CONTACT PRESSURE(N/mm?)
(=
oo

=== Natural Rubber

Human Skin

0.6 -
0.4 -
0.2
0
0 50 100
LOAD(N)

150 200

Fig.4 Relationship between the contact pressure vs. the normal load

Figure 4 illustrates the relationship between the contact
pressure and the magnitude of the normal force.

Under low values of normal load, the contact pressure
values of the neoprene and silicone materials are very
closer to the human skin value.

As the normal load increase, the contact pressure is
defers for all the materials. But the neoprene material is

perfectly suitable to the human skin values. So the
neoprene materials are best suitable for the
anthropomorphic robotic fingertip.

Under minimum load and maximum load conditions
the natural rubber values are not matched with the
human skin values. After some processes are done on
the natural rubber, it will adopt to the anthropomorphic
robots manipulation.

4.3 Discussion on Vertical depresson vs. Normal Force

10

9

8

=== Neoprene

== Silicone

w=dp==Tango Plus

== Silicone R45

=i Silicone 8000

VERTICAL DEPRESSION(mm)
0]

=@ Natural Rubber

e Human Skin

0 50 100
LOAD(N)

150 200

Fig.5 Relationship between the vertical depressions vs. the normal load.

Figure 5 illustrates the relationship between the
vertical depression and the magnitude of the normal
force.
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On the grasping force from 0 to 50N, the vertical
depression of the neoprene and silicone materials are
exactly matched with the human skin values.
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As the grasping force increases the vertical
depression values are varied. Finally the neoprene
material is perfectly suitable non-linear material for the
anthropomorphic robot fingertip. Even though the natural
rubber values are minimum range, it does not used for
dexterous manipulation.

Silicone and Tangoplus material values are more than
that of the human skin values. The neoprene and silicone,
materials are optimal material for better anthropomorphic
robots manipulation.

5. CONCLUSION

The modeling of the soft finger contact is the one of
the most essential tasks in the dexterous manipulation.
This proposed soft finger model will give rise to innovation
of a more realistic artificial fingertip which emulates
humans. The combination of various investigations
presented in this study can be used to analyze and
simulate contact behaviours of grasping and manipulation
in robotics. Based on the power law theory for soft finger
contacts, the parametric relationship is presented the
contact radius, contact pressure and vertical depression.
Contact parameters are done for six different soft
materials (neoprene, silicone R45, tango plus, natural
rubber, silicone 8000, and silicone). From this analysis,
the silicone and neoprene materials are best optimal
materials for anthropomorphic Robotic fingertip.

REFERENCES

[1] ANSYS 11.0 Documentation. ANSY S Inc.

[2] H.Abe, K.Hayashi and M.Sato, “Data Book on
Mechanical Properties of Living Cells”.

[3] P.E.Allaire, J.G. Thacker, R.F.Edlich, G.J.
Rodenhaever and M.T. Edgerton, “Finite
Deformation Theory for In-vivo Human Skin”.

[4] M.R.Cutkosky, J.M. Jordain and P.K. Wright, “Skin
Materials for Robotics Fingers,”

[5] HY.Han, A.Shimadaand S.Kawamura, Proc.1996.
|EEE Int.conf.Rob.Autom.

[6] H.Hertz, “On the Contact of Rigid Elastic Solids
and on Hardness”, chapter 6: Assorted papers by
H.Hertz. MacMillan, New York, November 1882.

[7] KL.Johnson, “Contact Mechanics”, Cambridge
University Press. Cambridge.

[8] |. Kao and F.Yanga, “ICCC Transaction on
Robotics and Manipulation”.

[9] S. Kuster and R.Dillmann, “Passive Modeling of
Skeletal Muscles”, Institute for Rechnerentwurf and
Fehlertoleranz.

[10] MT. Manson and JK.Salisbury, “Robot Hands and
the Mechanics of Manipulation”, MIT press,
Cambridge, MA, 1985.

[11] Natarajan Elango and R.Marappan, “Fundamental
Deformation Effect of A Robot Soft Finger and its
Contact Width during Power Grasping”, 20009.

[12] RW. Ogden and Rubb, “Chem Technology”, 1986.

[13] RW. Ogden, “Non-Linear Elastic Deformations”,
Courier Dover Publication. New York 1997.

[14] T. Omata and K. Nagata, “Rigid Body Analysis of
the Indeterminate Grasp Force in Power Grasps”,
2000.

[15] KH. Park, BH. Kim and S. Hirai, “Development
of Soft Fingertip and its Modeling based on Force
Distribution”, IEEE Int Conf Robot Autom., 2003.

[16] A. Schallamach, “The Load Dependence of Rubber
Friction”, Proc. Physical Soc.

[17] Y.J. Tatara, “Eng.Mater.Technol.”, 1989.

[18] Y. Tatara, S.Shima and JC.Lucero, “Eng. Mater
Technol.”, 1991.

[19] K. Venkatesh Raja and R.Malayalamurthi,
“Influence of Internal Rigid Core on the Contact
Parameters for Soft Hemispherical Fingertip”.

[20] N. Xydas and I.Kao, “Modeling of Contact
Mechanics and Friction Limit Surface for Soft
Fingers with Experimental Results”, 1999.

IJEST Vol.10 No.1 January - June 2016



Experimental Study on a Solar Water Desalination System

K. Selvakannan! and P. Prashanth?
PG Student, Department of Energy Engineering, 2Assistant Profesor, Department of Mechanica Engineering,
Kumaraguru Collegeof Technology, Coimbatore- 641 049, Tamil Nadu
E-mail id:selvakannan29@gmail .com, prasanth.p.mec@kct.ac.in

Abstract

In the present scenario the provision of water terribly mach reduced. plenty of work were undertaken to
enhance the productivity of the still for distillation. Throughout the review on solar still performance, the
results indicate that, there are some parameter that have an effect on the performance of solar still like depth
of the till, quality of brine water, evaporation rate sensible heat storage medium used, variety of inner glass
used. Four modifications for sun based desalination structures are shown in this assignment the first
modification is, of addition of sensible heat storage medium, specified it will store the sun radiation and
reemit throughoutevening time. Some sensible heat storage materials are red brick items, quartzite rock,
naturally washed stone. The properties of manysensible heat storage materials are given below The
second modification is the addition of silver layer in the side of the basin such that it reflects the solar incident
radiation inside the solar still effectively with minimum loss of heat. The third modification is, varying
the depth of the solar still to find the optimum yield this is due to the increase in the capacity of the water in the
basin. The Fourth modification is the addition of black die for mixing with the water in the in the still. Water
with the addition of black die to the water inside the basin there is a increase in the absorbency of the solar
energy entering the water itself. Thus, the water temperature in the presence of dye is much higher than that
in the absence of the dye. Consequently by these change in sun oriented still, the productivity of water will be

increased. The heat flows along with time interval is analyzed.

Keywords: Pure water, Solar Energy, Solar Digtillation, Solar hotwater, TDS

1. SOLARENERGY

sun based vitality has the best capability ofall the
supply of renewable energy and if solely little quantity of
this way of energy may will be used it will be one among
the foremost necessary provides of energy, particularly
once different sources within the country

This answer is solar water distillation. it’s not a
placement method, however it’s not received the eye that
it deserves. maybe this can be as a result of it’sa such a
low-tech and versatile answer to water issues. Nearly
anyone is capable of building a still and providing in
themselves with fully pure water from terribly
questionable sources. of radiation is absorbed in earth
and atmosphere payeryear. solar energy wherever sun
hits atmosphere is 1017watts and also the total
demands is 1013 watts. thus the sun offers U.S. one
thousand times additional power thanwe want. If we
willowed are able to} use five- hitter of this energy
it’ll be fifty time what the globe will needs. The energy
radiated by the sun on a bright sunny day is four to seven
KWh per money supply [2].
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2. INTRODUCTION TO SOLAR STILL

Solar distillation may be atried and true
technology. the primary famous use of stills dates back
to 1551once it absolutely was employed by Arab
alchemists. alternative scientists and naturalists used stills
over the approaching centuries together with Della
passage (1589) Lavoisier(1862), and Mauchot (1869)
[3]. the primary standard star still plant was in-built 1872
by the Swedish engineer Charles Wilson within the
mining community of Las Salinas in what’s currently
northern Chile (Region I1). This still was an oversized
basin-type still used for supply H20 victimization salt
feed water to a nitrate mining community. The plant
used wood bays that had blackened bottoms
victimization logwood dye and alum. the whole space
of the distillation plant was four,700 sq. meters. On a
typical summer day this plant made four. 9 metric
weight  unit of H20 per square  measure of  still
surface, or quite twenty three,000liters per day. star water
Distillation system conjointly referred to as “Solar
Still”. star Stillwell effectively purify H20 & even raw
sewerage. star Stills will effectively removing Salts



minerals, Bacteria, Parasites, Heavy Metals & TDS|[2].
Basic principal of operating of star still is “Solar energy
heats water, evaporates it salts and microbes left
behind), and condenses as clouds to come back to earth
as rain

2.1 Solar Still Operation

Water to be. The glass cowl permits the radiationto
pass into the still, that is usually absorbed by the
blackened base. This interior surface uses a blackened
material to boost absorption of the sunrays. The water
begins to heat up and also the wet content of the air at
bay between the water surface and also the glass cowl
will increase. The heated vapor evaporates from the
basin and condenses on the within of the glass cowl.
during this method, the salts and microbes that
were within the original water square measure left
behind. Condensed water trickles down the inclined
glass cowl to an inside assortment trough and bent on a
storage bottle. Feed water ought to be additional daily
that roughly exceeds the distillation production to
supply correct flushing of the basin water and to scrub
out excess salts left behind throughout the evaporation
method. If the still madethree liters of water, nine
liters of make-up water ought to be additional, of that
half-dozen liter leaves the still as excess to flush the
basin.

2.2 Forms of Star Still

Basin Type It encompass shallow, bracken basin
of saline impure water coated with a sloping clear roof
radiation that passes through the clear roof heats the
water in blackened basin. therefore evaporating
water that gets condensed on the cooler beneath
aspect of the glass and gets collected as liquid hooked
up to the glass[4]. Wick sort star Still: It consists of a
wick rather than a basin. The saline impure water is
more matured the wick or absorbed by the wick at a
slow rate by surface tension. A water-resistant liner is
placed between the insulation and therefore the wick.
Alternative energy is absorbed by the water with in the
wick that gets gaseous and later condensed on the bottom
of the glass and eventually collected with the condensation
channel fastened on the lower aspect of all-time low
surface (4)

The base of the solar still is made of G.I. box of
dimension (4’ x 2’ x 10 cm). This box is embedded into
another box of wood shown in figure 1. Here length L=
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3. DESIGN OF SOLAR DISTILLATION PLANT
3.1 Construction of Solar Still

]
o
= . 1
! - .
02 _—
1
ALL DIMENSION IN METER
Fig.1 Construction of solar still
Table1 Specificationsof the Conventional Still
5 Specifications of the
S1.No. Solar Stll Measurements
1 [Length 29 inches
2 [Width 19.inches
3 Glass cover inclination 25°
4  [Depthofbasin in front side 7 inches
5 |Depthof basinin backside 14 inches
6 [ThicknessofGlass cover 4 mm

29cm, Breath B=125cm, Height H= 19 cm. and at
opposite side = 14 cm, Angle ® =150.This also contains
same box of thermocol inside it between the G.I
box. The thermocol is having 3 mm thickness. The half
pipe is fixed such that the water slipping on the surface
of the glass will fall in this pipe under the effect of gravity.
A frame of fiber stick is fixed with the G’ box so that
glass can rest on it. This completes the construction of
the model.

The holes for the inlet of water, outlet of harse water
and outlet ofunadulterated pure water is made as per the
convenience. We have made the outlet of brackish water
at right bottom of the model (seeing from front of the
model), outlet of the pure water at the end of the channel
and gulf at the right divider over the outlet.

3.2 Details of Different Parts of the System
3.2.1 Still Basin

It is thea part of the system during which the
water to be distilled is unbroken. it’s thus essential
that it should absorb solar  power. thence it’s
necessary that the fabric have high absorbtivity or terribly
less reflectivity and really less transitivity. These square
measure the criteria’s for choosing the basin materials.
Kinds of the basin materials that may be used square
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measure as follows: one. animal skin sheet, 2.
Gesilicon,3. steel plate, 4. RPF(reinforced plastic) five.
G.l. (galvanized iron).

3.2.2 SideWalls

It usually provides inelasticity to the still. however
technically it provides thermal resistance to the warmth
transfer that takes place from the system to the
encircling. thus it should be made of the fabric that’s
having low worth of thermal physical phenomenon and
may be rigid enough to sustain its own weight and
therefore the weight of the highest cowl totally different
forms of materials which will be used are: 1) stone 2)
gravel 3) thermocol, 4) RPF (reinforced plastic).For
higherinsulation we’ve got used composite wall of
thermocol (outside) and glass fitting wood.
(Size::thermocol (k=thermal conductivity=0.6\W/mO0C)
eight metric linear unit thick, thermocol(k= thermal
conductivity=0.02W/mOC) fifteen metric linear unit thick)

3.2.3 Top Cover

The passage from wherever irradiation happens on
the surface of the basin is high cowl. Conjointly it’s the
surface where ever atmospheric phenomenon collects.
That the options of the highest cowl are 1)clear to
radiation, 2)Non absorbent and Non-absorbent of water
3)clean and sleek surface.The Materials are often used
are 1) glass, 2) synthetic resin. We’ve used glass (3mm)
thick as high cowl having rubber tube as frame border

size(4’ X 2’cm)
3.2.4. Pipe

The atmospheric phenomenon that’s fashioned slides
over the inclined prime cowl and falls within the passage,
this passage this passage, that fetches out the pure water
is named pipe the materials which will be used are 1)G.1.
2)RFP 3)P.V.C We have used P.V. C Pipe (size:four.5x
1”’cm)

3.2.5 Supports for Top Cover

The frame provided for supporting the highest cowl
is Associate  in Nursing optional factor. l.e. it are
often used if needed. we’ve got used fiber stick as a
support to carry glass (size ::five millimeter X 5mm). the
sole modification in our model is that we’ve got to form
the model as vacuumed as attainable. thus we’ve got
tried to form it airtight by sticking out tape on the
corners of the glass and at the sides of the box from
wherever the likelihood of the discharge of within hot air
IS most.

4. RESULTS AND DISCUSSION

Experiment is performed from 08:00am to 06:00pm
in winter season.the more effective time condensation
12.00 pmto 3.30 pm.

4.1 Readings Taken for Still

Table 2 Representsthe Reading Taken for Solar Still

| OUTER | sEA | SOLAR | AIR | CUMULATIVE
TIME | pupey | GLASS | WATER | JRBFRL|INTENSITY | VAPOURE |  VIELD
; TEMP(T) | TEMP(T) | TE (Wim*2) | TEMP(T) | (LITTER)
0530AM | © D ] B 0 B 00235
09.00AM | 0 E ] 151 78S 0 0.239
930AM | O % 3 173 00 356 0225
10.00AM | % 5 7 156 us o 039
1030AM | % 3 152 i 362 0
ILO0AM | 5 ® 3 206 18 526 0545
I30AM | 5 ) 214 % 333 0.465
12.00PM | 30 52 5 205 556 5 0.495
BO0PM | 5 o B 191 %0 574 0.498
330PM | 39 & 8 E 1024 532 0503
400PM | & & & G 1056 623 0.498
1430PM | 6 & % 115 1100 553 0.49
500PM | & & & 35 1058 675 0395
1530PM | 6 & & D 1042 E 0375
1600PM | 83 3 & 103 1031 611 0302
1630PM | 39 5§ 5 9 1006 563 036
T7.00PM | % 5 57 i3 % 53 04
1730PM | % 5 ' 5B 7 036
1800PM | © T 76 550 3% 05
1830PM | 33 % 5 69 s 21 0022
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4.2 Observations

Time taken for drop to come to pipe = 1/2 hour
Amount of brackish water poured initially = 16litter
Time taken for drop to come out of pipe = 0.4

Amount of pure water obtained at the end of the exp. =
1.75

TDS of purified water =68.1

Temperature of the condensate = 52

4.3 Graph

Figure 2 represents the temperature variation in
the solar still during six hours. The maximum
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temperature in the system is of 531C obtained at
01:35pm.

4.4 Efficiency of Still

The theoretically obtained amount of pure water =
2.33 liter. The practically obtained amount of pure water
= 1.6 liter. Efficiency=(actual amount of pure water) /
(theoretical amount of pure water)*100 (1.6/2.33) *100
68.66 %.

25

20

15

10

123 45 6 7 8 9 1011121314151617 1819520

AMBIENT TEMP (T)

CUMULATIVE YIELD

(LITTER)

Fig.2 Temperature variation

5. CONCLUSION

From the graph 1, we can conclude that the increase in
temperature and hence the evaporation is maximum in
the period of 11:15 am to 2:45 pm. The maximum
temperature achieved is 530c¢ which is at 2:30 pm. then
the temperature decreases. The aim of our experiment
was to get pure water from the brackish water
available. The brackish water we have supplied was
16liters and at the end of the experiment we got 1.7
liter. The experiment was carried out in winter season.

The TDS level of purified water obtained is 67.8 PPM.
So the water obtained is potable. Theoretically, the
experiment should fetch out 2.35 liter. So the efficiency
of the system is 8%.
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