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PREFACE

This is the first Current Awareness Bulletin Service started by Delhi Technological
University Library. The aim of the bulletin is to compile, preserve and disseminate
information published by the Faculty, Students and Alumni for mutual benefits. The bulletin
also aims to propagate the intellectual contribution of DTU as a whole to the academia. It
contains information resources available in the internet in the form of articles, reports,
presentation published in international journals, websites, etc. by the faculty and students
of Delhi Technological University in the field of science and technology. The publication of
Faculty and Students which are not covered in this bulletin may be because of the reason
that either the full text was not accessible or could not be searched by the search engine
used by the library for this purpose. To make the bulletin more comprehensive, the learned
faculty and Students may provide their uncovered publication to the library either through
email or in CD, etc.

This issue contains the information published during April 2012. The arrangement of
the contents is alphabetical wise starting from A-Z. The Full text of the article which is either
subscribed by the University or available in the web has been provided in this Bulletin.




CONTIENTS

1. A Case for Pharmacogenomics in Management of Cardiac Arrhythmias by @Gouray
Khandoi, Anjali Nanda, Vinod Scaria and Sridhar Sivasubbu.

A New method for Identification of partially similar Indian Scripts by @Rajiv Kapoor and
Amit Dhamija.

A step towards Method configuration from Situational Method Engineering by *Daya Gupta
and @Rinky Dwiveds,

Aptamer based electrochemical sensor for detection of human lung adenocarcinoma A549
cells by *Rachna Sharma, Ved Varun Agarwal, Pradeep Sharma, R Varshney, *R.K.Sinha
and *B.D.Malhotra

Biodiesel production of non-edible oils through ultrasound energy by *4mit Pawul,
S.S Kachhwaha. .

Electrochemical Urea Biosensor Based on sol-gel Derived Nanostructuraed Cerium Oxide by
Aness A Ansari, Md Azahar and *B.D.Malhotra.

Estimates for the Initial Coefficients of Bi-univalent Functions by *S.Sivaprasad Kumar,
*Virendra kumar and V. Ravi Chandran.

Fabrication of Nanocrystalline CdS electrode via chemical bath deposition technique for
application to cholesterol sensor by Hemant Dhyani, Saurabh Srivastava , Md.Azahar Alr ,
*B.D. Malhotra and Prasenjit Sen.

India-Japan Workshop on Biomolecular Electronics & Organic Nanotechnology for
Environment Preservation. * Bansi D.Malhotra and Mitsuyoshi Onoda.

Z0. Opportunities in nano-structured metal oxides based biosensors by *B.D.Malhotra |
Maumita Das and Pratima R.Solanki.

717, Performance Evaluation of image compression techniques by @ Vinod Kumar, @Asheesh
Kumar, @Abhishek Bhardway.

Z2. Sensor architecture allows real-time auto emissions monitoring,Pt.1 by Raevindra Arora,
#Manmohan Rana and Sunil Dep Maheshwart.

*Faculty
@Students/Research Scholars
# Alumni




Indian Pacing Electrophysiol. J. 2012;12(2):xx-xx Point of View

A Case for Pharmacogenomics in Management of Cardiac
Arrhythmias

Article awaiting publication date, not to be archived or cited
Gaurav Kandoil, Anjali Nanda2, Vinod Scaria4, Sridhar Sivasubbu3

1Department of Biotechnology, Delhi Technological University, Shahbad Daulatour, Main Bawana Road,
Delhi India,.

2international Institute of Health Management Research, Plot no. 3, Sector 184, Phase-/l, Dwarka, New
Delhi - 110075.

3Genomics and Molecular Medicine, CSIR Institute of Genomics and Integrative Biology, Mall Road, Delhi
100 007, Indja.

4GN Ramachandran Knowledge Center for Genome Informatics, CSIR Institute of Genomics and
Integrative Biology, Mall Road, Delhi 100 007, India.

Address for Correspondence: Dr. Vinod Scaria, GN Ramachandran Knowledge Center for Genome
Informatics, CSIR Institute of Genomics and Integrative Biology, Mall Road, Delhi 100 007, India. E-mail:
vinods/at/igib.res.in

Financial Support: CSIR India.
Conflict of Interest: None.

Abstract

Disorders of the cardiac rhythm are quite prevalent in clinical practice. Though the variability in drug
response between individuals has been extensively studied, this information has not been widely used
in clinical practice. Rapid advances in the field of pharmacogenomics have provided us with crucial
insights on inter-individual genetic variability and its impact on drug metabolism and action.
Technologies for faster and cheaper genetic testing and even personal genome sequencing would
enable clinicians to optimize prescription based on the genetic makeup of the individual, which would
open up new avenues in the area of personalized medicine. We have systematically looked at literature
evidence on pharmacogenomics markers for anti-arrhythmic agents from the OpenPGx consortium
collection and reason the applicability of genetics in the management of arrhythmia. We also discuss
potential issues that need to be resolved before personalized pharmacogenomics becomes a reality in
regular clinical practice.
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Arrhythmias or disorders of the cardiac rhythm are not uncommon in clinical settings and one of the
major causes of mortality and morbidity. Atrial Fibrillation is supposed to be rare in young healthy
individuals unless without underlying cardiac pathology [1], while prevalent in the elderly and affects
roughly around 2-5 Million individuals in the United States alone [2]. Ventricular fibrillation has a smaller
incidence of close to 0.4 million [3]. Ventricular tachy-arrhythmias contribute significantly to the
morbidity and mortality in patients with underlying coronary artery disease. It has been estimated that
close to a half of deaths due to coronary artery disease is caused by ventricular arrhythmias [4]. Apart
from the genetic and underlying cardiac disease as causes of cardiac rhythm abnormalities, a number of
therapeutic agents, including drugs not directly used in the therapy of cardiac rhythm abnormalities
have now been implicated to cause significant prolongation of QT interval and a form of ventricular
arrhythmia, torsades de pointes, which is potentially fatal [5]. Recent reports also point to cardiac
arrhythmias as one of the top causes for drug withdrawal and failure of clinical trials [6].

No major study on the incidence of arrhythmias or adverse drug reactions to anti-arrhythmic drugs
throughout India has been performed. The lack of adequate epidemiological data in this important area
has been highlighted in recent publications [4]. According to a report of arrhythmia care in India,
published in 2002, the prevalence of patients with arrhythmias in the country is around 2 million [7].
Studies have also pointed to the high prevalence of asymptomatic arrhythmias in elderly patients [8].
According to the reports from the National pharmacovigilance programme, several cases of adverse
drug reactions to anti-arrhythmic agents have been reported from people across India. Verapamil and
Amiodarone have been reported to cause Steven Johnsons syndrome. Atenolol has been similarly
reported to have adverse drug events like fatigue, cough and edema in a study conducted in South India
[9]. Similar studies have shown Atenolol to be associated with around 4-5% of total adverse drug
reactions reported.

Individuals vary widely in their response to therapeutic agents, and a large component of this variability
is modulated through the genetic makeup of the individual. Apart from the variability in response,
genetic variations are also now known to contribute significantly to Adverse Drug Reactions (ADRs). One
of the earliest contributions to understanding of genomics of external agents have stemmed from the
observations of the British physician Garrod, who proposed that defects in enzymatic pathways in
unusual diseases of metabolism could produce unusual sensitivity to chemical agents. Molecular genetic
dissection of congenital conditions in humans has contributed immensely to the overall understanding
of the genetics of heart rhythm. The field has now grown by leaps and bounds with the advent of
modern tools and techniques, which enables dissecting genetic phenomena at single base-pair
resolution. The advent of genomics technologies has paved the way to deciphering the molecular
genetic mechanisms of variability in response to therapeutic agents. This variability could be caused by
genetic variations, which modulate the pharmacokinetics or pharmacodynamics of the drug. This could
involve variations in genes involved in drug transport/metabolism right up to variations in drug-targets
and off-targets. The field of understanding genetic variability in the response to drugs has now emerged
into a full-fledged branch of biology - pharmacogenomics with the potential to significantly improve
disease management. The field has also offered novel clues towards understanding mechanisms and
pathways, which involves therapeutic agents.

The last couple of decades have seen enormous improvements in the management of cardiac
arrhythmias. Due to limited benefits and safety related concerns, very few drugs have been successful
and have been commonly used in the treatment of arrhythmias. The field has also seen the emergence
of newer classes of drugs which function by normalizing the channel activity rather than blocking them.
According to the popular Singh Vaughan Williams classification schema, drugs are placed based on the



mechanism of action. The classification scheme has improved over time, presently including the
miscellaneous class, which includes drugs which could not fit any of the previous classes. Recent years
have seen a number of publications detailing the pharmacogenomics of anti-arrhythmic drugs [10-13].
Though many classes of anti-arrhythmic agents are not particularly used anymore currently in regular
clinical practice except in special settings, the wealth of information on pharmacogenomics
encompasses the commonly used classes of drugs as well. The Drugs and the genes involved in the
pharmacogenomics of anti-arrhythmics and the respective references are summarized in Table 1.

Table 1. Summary of drugs, genes involved in the pharmacogenomics of anti-arrhythmic drugs.

Class of Drug Genes with Phamrmacogenomic markers References
Drug WETHTE]

Class 1a Quinidine SCN5SA 14

Class 1b Lidocaine SCN5A,SCN9A SCN4A 15-17

Class 1b Phenytoin CYP2C9, CYP2C19, HLA-B, HLA-DR, HLA-C, 18-26
EPHX1, SCN2A, SCN1A, ABCE1

Class 2 Atenolol CACNAIC, GRK5, ADRE1, ADRB2, LDLR, 27-45

APOB, EDN1, GNB3, GNAS, TGFB1, AGT, ACE,
CYP11E2, AGTR1, ALAP

Class 2 Carvedilol ADREL ADRBZ 46-33

Class 3 Metoprolol | ADREL, GRES, GRK4 , CYP2D6, ADRBZ2 47,4952 54-63

Class 3 Amiodarone | KCNHZ b4

Class 3 Dofetilide KCNHZ b5

Class 4 Verapamil CACNBZ , CACNAL1C, NOS1AP , ADRE1 , 27,30,6660
ADRBZ, KCNMB1, KCNH2

Class 5 Digoxin ABCE1 10-77

Realizing the dream of personalized medicine is not without challenges and focused intervention. The
major challenge in understanding the intricacies of genomic variations and deciphering the potential
effects on pharmacokinetics and pharmacodynamics is the lack of of comprehensive models of drug
metabolism and action for many drugs. Understanding and charting drug pathways is the first step
towards this dream. A systems level understanding of the drug pathways would enable us to overlay
genomic variations and offer smart guesses on drugs that could be involved. The drug pathways for
many drugs are complicated, involving multiple and sometimes redundant mechanisms for drug
transport, metabolism and targets. Deciphering the pathways is the first step towards understanding
how genetic variation could potentially contribute to the changes in functionality of critical components
of the drug pathway. In addition, it also provides crucial insights into the molecular mechanisms of drug-
drug and drug-environment interactions and how genetic variations could modulate this phenomenon.
A comprehensive outline of anti-arrhythmic drugs and their drug pathways are summarized in Figure 1.



Figure 1: Overview of the drug pathways for anti-arrhythmic drugs. The coloured drugs and edges
represent drugs while the metabolizing enzymes are marked as solid circles. The transporters and
targets are represented as solid triangles and rhomboids respectively.
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Modeling a disease process or pathway is the next critical step in understanding the molecular
mechanisms and the genetic architecture of disease processes. Animal models such as rodents and
mammals have been used successfully for modeling cardiac arrhythmias. Recently advances include the
application of newer model systems for understanding pharmacogenomics principles. Model organisms
like zebrafish, which are easy to maintain and study, have been shown to be useful in modeling
pharmacological principles and potential mode of action of many therapeutic agents.

The major area that would require focused attention in the immediate future is towards standardized
efforts to collate pharmacogenomics data and evidence to enable meta-analysis, while at the same time
be able to keep pace with the latest avalanche of evidence brought to light by high throughput genomics
studies including Genome-wide associations studies (GWAS). Community led approaches like PharmGKB
(www.pharmgkb.org) and crowd-sourcing approaches like OpenPGx (www.openpgx.org) are the
possible way forward, and both approaches should be organized complementary to each other. Apart
from the data, the second focus area is computational tools and resources that can handle the high-



throughput datasets. The availability of genome-wide scans as direct-to-consumer services has also
provided an immense opportunity and challenge at the same time. With adequate computational tools
and resources for interpretation of the data, this has the potential to lower the cost, while at the same
time, widen the general acceptability of genetic testing. No healthcare intervention system is complete
without adequate education and empowerment of the medical and paramedical professionals and the
patients. For the success of widespread acceptability and application of pharmacogenomics testing for
cardiac arrhythmias, appropriate focus and emphasis on awareness and healthcare education is
essential.

These efforts should be complemented and supplemented by both systematic ways of collecting data
and being able to analyze it to unravel emerging phenomena. This would necessitate creation of
effective systems for systematic collection and sharing of clinical data, treatment protocols and outcome
measures. This includes setting up of registries, which follow standard protocols, metadata and modes
of data exchange. This also requires setting up collaborative and shared data resources and analytical
approaches. In summary, seamless exchange of ideas, resources and knowhow between research
laboratories and clinicians is essential to realize the dream of making pharmacogenomics based
personalized medicine a reality.
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Abstract

In this paper, the texture symmetry/non-symmetry factor has been exploited to identify the Indian
scripts. Biwavelants have been proposed to obtain the script texture using third order cumulant
and bispectra. As the Indian scripts are partially similar to each other, in order to identify them,
the samples must include more number of dissimilar characters. The features of individual lines
are added repeatedly to enhance the dissimilarity until it reaches to a saturation level which in
turn is used to compute a confidence factor i.e. amount of confidence attained in identifying a
particular script sample. This variation in confidence factor also gives an estimate of the optimum
sample size (number of lines) required for expected results. Cumulants are sensitive to the script
curvatures and therefore are most suitable for the partially similar Indian scripts. The double
discrete Fourier transform of third order cumulant gives bispectra which estimates the factor of
symmetry/non-symmetry in terms of the quadratically coupled frequencies. The envelope of
bispectra (biwavelant) obtained using wavelet (db8) provides an accurate behavior of the script
texture; which along with Newton-Raphson technique is used to classify the Indian scripts.
Various classifiers have been tested for script identification and out of them SVM gives the best
results. The method successfully identified the 8 Indian scripts like Devanagari, Urdu, Gujarati,
Telugu, Assamese, Gurmukhi, Kannada, and Bangla with desired accuracy.

Keywords: Indian Scripts, Cumulant, Bispectra and Support Vector Machine (SVM)

1. INTRODUCTION

Script identification is a key part of automatic processing of document images. A document script
must be known in order to choose an appropriate OCR algorithm. Further processing like
indexing or translation of scripts depends on identifying the language used in a document and
here again script identification is crucial. Now-a-days documents are stored digitally so as to have
quicker access and to save them from any kind of environmental effect. Most of the states in India
have their own language of communication and independent scripts. Thus, many official
documents are written in regional scripts. ldentification of these regional scripts is one of the
challenging tasks faced by the designer of an OCR system. Script identification makes the task of
analysis and recognition of the text easier by suitably selecting the modalities of OCR. What
makes recognition of Indian scripts daunting is their undistinguishable closeness. A humber of
attempts have already been made to isolate and identify the scripts of the texts in the case of
multi-script Indian documents. Patil and Subbareddy [1] developed a system having a feature
extractor and a modular neural network. They dilated the documents using 3 x 3 masks in
horizontal, vertical, right diagonal, and left diagonal directions. Average pixel distribution was
found in these resulting images. A combination of separately trained feed forward neural network
was utilized as classifiers for each script. Hochberg [2] approach was to discover frequent
character shapes in each script and then look for same instances in new documents. Some
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identification techniques have also used the directional features, however to a meager amount.
Dhanaya, Ramakrishnan and Pati [3] used basically two features of the scripts like Roman and
Tamil. First was Spatial Spread Features like Zonal pixel concentration and character density.
Directional Features were detected by using Gabor filter responses. It was concluded that Tamil
script has more horizontal lines and strokes while English has more slant strokes. They used
Gabor filters to effectively capture the concentration of energies in various directions. Chaudhuri
and Pal [4] used skew angle detection for scanned documents containing popular Indian scripts
(Devanagari and Bangla). Most characters in these scripts have horizontal line at the top called
headlines (Shirorekha). Chaudhuri and Sheth [5] proposed a Gabor filter-based feature extraction
scheme for the connected components. Pal and Chaudhuri [6] proposed an automatic technique
of separating the text lines using script characteristics and shape-features. Spitz [7] developed
techniques for distinguishing the script into two broad classes: Han-based and Latin-based. This
classification was based on the spatial relationships of features related to the upward concavities
in character structures. Language identification within the Han script class (Chinese, Japanese,
and Korean) was performed by analysis of the distribution of optical density in the text images.
Tan [8] extracted rotation invariant texture features and then used such features in script
identification from document images. Rotation invariant texture features are computed based on
the popular multi-channel Gabor filtering technique. Hochberg [9] used features of connected
components to classify six different scripts (Arabic, Chinese, Cyrillic, Devanagari, Japanese, and
Roman). Srinivasan, Ramakrishnan and Budhlakoti [10] proposed the spatial entropy obtained
after decomposing the characters from the document image. The method is not adaptive to the
writing styles and moreover after decomposing the characters, the spatial entropy will be
definable under so many constraints which have not been discussed. Veena and Sinha [11]
proposed a technique using smallest segments of the Devanagari structures to define the
Devanagari characters. The method is very time consuming and detection is an issue. Sameer
and Lalitha [12] suggested a preliminary technique based upon multiple classifiers like k-means
classifier and Minimum Hamming Distance classifier. Anup and Anil [13] could extract temporal
information due to online detection recognition and a set of features like Horizontal Inter-stroke
Direction for capturing the writing direction like in the case of Arabic which is written from left to
right, detection of Shirorekha for Devanagari, average stroke length, number of strokes per unit
length, aspect ratio and few more like VD and VID. In these scripts, specific features could work
because the scripts chosen for analysis are not related to each other and therefore the task is
easier. Second kind of feature is heuristic and depends highly upon the writing style and hence
will not work for all Indian scripts because they are highly related. Andrew, Wageeh and
Sridharan [14] considered all scripts as texture of their own kind. Yes, this is true but the use of
clustering techniques and the wavelet decomposition helps more in case of grey level images as
compared to binary. Scripts which are closely related will have similar structures and texture.
Texture of the scripts is formed by symmetrical spread of the structural features like horizontal
lines, vertical lines and curves. This texture is of binary levels and not like grey ones as in
wooden texture. Therefore the kind of features considered by Andrew, Wageeh and Sridhar do
not give the high identification accuracy in case of scripts having structural and textural similarity.
Morphological reconstruction [15] based upon the continuous erosion and opening was carried
out in 4 directions and the average pixel distribution was found as the feature point. MLP [16] has
also been used as classifier with the fuzzy-features from the Hough transform. In [17], support
vector machine (SVM) based hierarchical classification scheme has been used for the recognition
of handwritten Bangla characters. SVM classifier is found to outperform the other classifiers like
multilayer perceptron and radial basis function network. [18] elaborates various noises that affect
the performance of a script recognition system and the techniques to counter them.

What makes recognition of Indian scripts difficult is their similarity. But, since they are partially
similar, their inherent dissimilarity should be enhanced in order to make them completely
distinguishable. The features of individual lines are added repeatedly to enhance the dissimilarity
until it reaches to a saturation level. As cumulants are sensitive to the script curvatures, they are
completely suitable for identifying the Indian Scripts. This paper discusses the use of
symmetry/non-symmetry factor of the script texture for identifying the partially similar Indian
scripts. Biwavelants have been proposed to obtain the script texture using the third order
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cumulant and the bispectra. The double discrete Fourier transform of third order cumulant gives
bispectra which estimates the factor of symmetry/non-symmetry in terms of the quadratically
coupled frequencies. The envelope of bispectra (biwavelant) provides an accurate behavior of the
script texture which along with Newton-Raphson technique is used to classify the Indian scripts.
The paper shows that for the proposed feature extraction technique, SVM gives the best
classification results and can successfully identify 8 Indian scripts like Devanagari, Urdu, Gujarati,
Telugu, Assamese, Gurmukhi, Kannada and Bangla.

The paper is organized as following: Section 2 describes the sample collection and pre-
processing of scripts. Section 3 defines the higher order cumulants and the corresponding poly-
spectra estimation. It also shows the results obtained by computing the 3™ order cumulant for
different script samples. Section 4 describes the optimum parameter selection for the estimation
of bispectra. Section 5 introduces biwavelants and shows the corresponding results obtained for
the different Indian scripts. Section 6 describes the pre-classification stage using Newton-
Raphson Technique. Section 7 elaborates different classifiers used for the proposed feature
extraction technique and section 8 gives a comparison of the results obtained with different
classifiers. Section 9 concludes the paper.

2. SAMPLE COLLECTION & PRE-PROCESSING

One third of the training and test data set used in this paper was collected from the news papers
(*) available online, an equal amount of data was obtained by preparing the documents using
different Indian fonts (#) and the last type of data comprised of the handwritten documents (*).
The handwritten data was collected on a normal white paper. The documents were written using
a blue ball pen. The documents were scanned offline on a canon scanner with 600 dpi resolution.
The contents were not fixed and the choice was left to the writer. The total statistics of the sample
collected has been mentioned in table (1) below.

Sr. No. Script Number of | Number of Lines | Number of | Number of
Pages Words Writers
1 Devanagari 5*+10#+5" 210*+351#+100" 7462 5
2 Gujarati 5*+10#+4" 203*+336#+80" 6979 4
3 Gurmukhi 5*+10#+5" 200*+325#+90" 7000 5
4 Telugu 5*+10#+4" 215*+356#+85" 7475 4
5 Kannada 5*+10#+3" 215*+356#+60" 7225 3
6 Bangla 5*+10#+5" 198*+320#+95" 6920 5
7 Assamese 5*+10#+3" 187*+300#+60" 6305 3
8 Urdu 5*+10#+4" 180*+280#+80" 6300 4

Total number of words = 55666

TABLE 1: Number of pages, lines and words collected for each script
The handwritten samples were not just straight lines but had lines and words written irregularly
and spread over the whole document. The variety of documents made the task of pre-processing
very complex and therefore, the next section is dedicated to the pre-processing.

2.1 Skew Correction

When a document is fed to the optical sensor either mechanically or manually, a few degrees of
skew (tilt) is unavoidable. Person scanning the printed data document can also add skew to the
text. Hand-written documents written irregularly also contain heavy skew. The lines in sample
documents have been written even vertically to each other. To detect the skew angle in the
printed documents, we took Radon transform of the whole document image. For an ideal skew
free document, peaks corresponding to the horizontal text lines should occur at 90° in Radon
image. However the scanned document will actually have peaks at an angle (@) different from
90° due to the presence of skew. Thus the document is rotated by 90°- & for skew correction. In
figure (1), the Radon transform image of the scanned document showed peaks at @=80°, thus
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document was rotated by 10° anticlockwise to remove the skew error. [19] discusses the method
in detail.

FIGURE 1: (a) The original scanned document image, (b) Radon transform of the document showing peaks
at @=80°and (c) The document image after skew correction

2.2 Segmentation

Case 1: In figure (2), the lines were separated using horizontal projection and similarly the words
were separated using the vertical projection. The printed documents after skew correction could
be segmented completely with 100% accuracy. Separated words were concatenated to each
other to remove any space in-between them and finally, the words were joined together to make a
bigger line. The length of the line was approximately 14 words. These lines were used as input to
the next stage of script recognition process. Space between the words was removed to avoid its
effect on the result of the cumulant.

initial script

ob— T ! L L L
0 50 100 150 200 250 300 350

(@) (b)

Segmented Line Segmented Line

FIGURE 2: First technique - line segmentation
(a) Original script, (b) Horizontal projection and (c) Segmented lines

Case 2: In some of the hand-written documents, words could not be separated using the
projection technique and hence the morphologically conditioned k-means was used to separate
them. The structuring element used was a line of three pixel length at an angle of 90°. Size of the
structuring element was decided to make the word look like a cluster. When analyzed, the three
pixel length was an optimum choice to make the word of any font and size separable. The
documents were initially eroded and then k-means clustering method was applied to get the
cluster centroids. The major limitation of using k-means is that it requires the optimal number of
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clusters as input i.e. the total number of words in the sample document should be known very
precisely before applying the unsupervised clustering techniques. MDL (minimum description
length) criteria was used [20] to determine the optimum number of clusters (words) for the
individual document. k-NN was used to isolate the words of the hand-written document. This
method also works perfectly for the documents having words with some ligature connecting them.

Figure (3) shows the document and the segmentation results.

Cmoginal [mage Emded Document Image Glassitied Words

v i <n o = om
EU I W I N
.‘fé\\ f& h“\ * ;\ fi\ ) . .

0 20 0 & @ 10 120 140 1

FIGURE 3: Second technique — word segmentation

Space was never allowed to be considered as part of the text for analysis. The script identification
is a process which does not consider the space and the carriage return as a part of the text for
getting the script features.

3. CUMULANTS

Cumulants are used to extract the inherent features of Indian scripts which are otherwise
extremely difficult to extract. Higher order cumulant helps in understanding the multi-dimensional
information. Structures are generally specific to the scripts, very complex and some times vary
slightly from one script to the other. The paper has successfully attempted to distinguish the
Indian Scripts. The first-order cumulant of a stationary process is the mean, C;, = E{x(t)]. The
higher-order cumulants represent central moments and therefore are invariant to the mean shift.
Hence, it is convenient to define them under the assumption of zero mean. If the process has a
nonzero mean, we subtract the mean and then apply the following definitions to the resulting
process. The second, third and fourth-order cumulants of a zero-mean stationary process are
defined by equations (1, 2 and 3).

C,. (k) = Efx (n)x(n+k)} (1)
C,. (k) =Efx ()x(n+ k)x(n+ D}

Ca (b, I, m) = Efx*(n)xin+ Klx(n + Dx*(n+m)} — Co.(k)C5. (1 —m)
- CZx(E}CEx U’i - ﬂ‘lj‘ - ng (m}MZx ('E‘: - E} (3)

where M, (m) = E{x(n)x(n + m)} and equals C,.(m) for a real valued process. The zero-lag
cumulants have special names like €5,(0) is the variance and &f:C3,(0.0) and C,10.0,0) are
usually denoted by ¥, and y,. We will refer to the normalized quantities ya,/c3, as the
skewness and y*/oi, as the kurtosis. These normalized quantities are both shift and scale
invariant. If =(n) is symmetrically distributed, its skewness is necessarily zero (but not vice versa);
if z{n)) is Gaussian distributed, its kurtosis is necessarily zero (but not vice versa). Often the terms
skewness and kurtosis are used to refer to the un-normalized quantities, ¥syandy,,. Equation (4)
shows that the cumulants of a stationary real-valued process are symmetric in their arguments.

C, (k)y=C, (k)
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C,.(k,))=C, (I,k)=C, (—k,1 —k)
C,.(k,,my=C, (I.k,m)=C, (k,m,l)=C, (—k,| —k,m—k) 4)

2 2 ] [i 10 i BTy 0 0 E S

FIGURE 4: 3rd order cumulant computed for different script samples

Figure 4 (a-b) shows the 3rd order cumulant taken for the closely related scripts like Assamese
and Bangla. The results demonstrate efficiency of the cumulants to distinguish among the said
scripts. Similarly, figure 4(c-h) shows the 3rd order cumulant of the Gujarati, Devanagari,
Gurumukhi, Telugu, Kannada and Urdu scripts, respectively. Spectrum of higher order cumulants
provides features that are inherent to the script. The korder poly-spectrum is defined as the FTs
of the corresponding cumulant sequence:

S,.(f) = S Cofk) e ~ I 27k 5
k=—c0
sﬁx(fbfi} = Ez]:_m ?;—mcﬂx (k, E}E_j:”fl-kg_jz”fzz (6)
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. 2 T (fik+ fl+ f5m
So(fioforf) = 2C, (kL) &2 7 SR+ Lol fim) )
k,l,m=—oc0
which are the power spectrum, bi-spectrum and tri-spectrum, respectively. In contrast with the
power spectrum which is real-valued, bispectra and tri-spectra are complex valued. For a real-
valued process, symmetry properties of cumulants are carried forward to the symmetry properties
of corresponding poly-spectra. The power spectrum is symmetric: 5., (f) = 5., (—f1.

Equation (8) shows the symmetry properties of the bi-spectrum:

Sy (fi, /) = S3x(f2’fl)=S3x(-fl, - fHi— 1) :S3x(_f1’_f2’f2):S;x(_fl’_fZ)' 8)

Equation (9) shows the symmetry properties of the tri-spectrum:
Se.(Affz) =S fh) =S.(LAR)=S.AfH-fAHL—-AH) =
S -f)

9)

Equation (10) defines the cross-cumulants which are similar to the cross-correlations:
C...(k,1) =E{x" () y(n+ k) z(n+D)} (10)

And equation (11) defined the cross-bi-spectrum:

Sxyz(fl’fz) — i icxﬂ(’(’l) e'jzﬂ'fll( e - 27 f21 (11)

K=—c0 [=—o0
Note that the bi-spectrum 5.,(f..f,) is a special case of the cross-bi-spectrum obtained when
x =y = 2. The cross-bi-coherence is another useful statistic which is defined in equation (12):

. SX)’Z(flaf2)
blCXyZ(fl,fz):
JS2(fi+ f2)S2(f)S2:(f 2)

(12)

And the cross-bi-spectrum of three processes is defined in equation (13).
b, (mn)=] [In(Su:fi, f2)) e 27/ e P2 Af) df (13)
This equation is well-defined only if 5,..(f.£} is nonzero everywhere. The 3rd order cumulant

and its bispectra effectively measure the symmetry/non-symmetry of the structures belonging to
different scripts. The results shown in the next section demonstrate that bispectra can effectively
differentiate various Indian scripts.

4. BISPECTRA ESTIMATION
The cross-bispectra is estimated as the FT of third-order cross-cumulant of a sequence given by
equation (14):

1,(F) = SR s B0 g Gy (k, DeI2m kg2
1
= Exfj(fl + £V (A)Zy(f2) (14)
Where X, (flis the FT of {x(m)}=1. This estimate is known as the cross-biperiodogram but it is
not a consistent estimate. As in the case of the power spectrum, the estimate can be made
consistent by suitable smoothing. The bi-spectrum and the bi-periodogram are special cases
obtained when = =1y ==z. Smoothing can be accomplished by multiplying the third-order

cumulant estimates by a lag window function. Let w(t.s} be a 2-D window function whose 2-D
FT is bounded and nonnegative with the following assumptions given in equation (15):

w(0,0) =1,
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”wz(t, s)dtds < oo ;

IJ-fiZW(f]’fZ Jdf jdfy < oo;
[[fW( 1, f2 )dfidfs =0; (15)

The window function wit, s} should also satisfy the symmetry properties of the third-order
cumulant. Equation (16) can be used to derive the 2-D lag windows from 1-D lag windows.

w(t,s) =w®)w(s)w(t —s) (16)
This satisfies the symmetry conditions of £, (m,n). Consider the scaled-parameter window
wy(£,5) = wit/M,s/M) and the smoothed frequency response, given in equation (17).

§.‘¢yz (fofo) =B 250, Exyz (kD) wy (k, 1) e I3 2k gmI2m a0 (17)
Under the assumption that the cross-bispectrum 5, . (f,, £,) is sufficiently smooth, the smoothed
estimate is known to be consistent with variance given by equation (18).

A 2
var(S o (f, ))=M752x(f1 £ )82y ( £1)S 2. £2 ) [WP( 1,5 )drds (18)

for 0 < £ = £ == Note that the implied consistency condition is M — e and M*/N — o
asN — o and [J wi(t sldtds < oo. Equation (17) is used to estimate the bispectra for x = y = =.
An alternative approach is to perform the smoothing in the frequency domain. As in the case of
power spectra, it is possible to segment the data into K records of length L = N/K, compute and
average the biperiodogram, and then perform the frequency smoothing using the frequency-
domain filter Wy (f,.f;) estimated by taking the FT of wy{t. s}. In this case,

var (fxyz[fl’fzj) =M?/LK S, (fi+ fzjszy(ﬂjszz(f:] JIw?(t,s)dtds (19)

for 0 << f, = f; <= w. Windowing is not required in case K is very large. The following sub-section
describes the parameter selection and optimization for the estimation of bispectra.

4.1. Parameters Selection and Optimization

The following table comprises various parameters and their corresponding optimized values
required to compute the bispectra of collected script samples. Larger MaxLag gives more number
of coupled frequencies and the value lesser than this will make the process of script identification
difficult. The value of the MaxLag also depends upon the data size. Here data size means size of
the character of a particular script. Maximum value of the MaxLag can be the no. of pixels which
describe the height of the character therefore the MaxLag value is proportional to the data size
(Height of the character). Hamming window was utilized. The parameters have been optimized
for the targeted scripts.

Name of the Parameter MaxLag Sample Rate Window Scale

Optimized Value 15 5 Hamming Unbiased

TABLE 2: Optimized parameters for the bispectra estimation of collected samples

The parameters given in table (2) were utilized for the computation of bispectra of various script
samples and the results are given below.
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FIGURE 5: (a-e) Bispectra results (magnitude and phase) obtained for Kannada, Telugu, Assamese, Bangla
and Urdu scripts, respectively

Figure (5) shows that bispectra can completely distinguish the partially similar Indian scripts.

5. BIWAVELANT

As the Indian scripts are partially similar to each other, in order to identify them, the samples must
include more number of dissimilar characters. The features of individual lines are added
repeatedly to enhance the dissimilarity until it reaches to a saturation level. The experimental
results provided in figure (4) and (5) show that a sample size of 100 lines is sufficient to get the
expected results. In order to use bispectra for script identification, the redundant information (high
frequency components) is removed keeping only the prominent features (low pass information)
which is described further.

5.1 Smoothing Filter vs. Wavelet

Both smoothing filter and wavelet transform can be used to remove the high frequency
components from bispectra. But a smoothing filter can’t protect the precious details while
removing the high pass information, therefore wavelet transform is used. The wavelet transform
was introduced in [21], [22], [23] and defined as

1
W, (b.a)=—]
y \/Z
where x(t} is the signal being transformed and y(t} is the ‘analyzing wavelet’. y(t} satisfies the
admissibility condition [1¥(a)l? % = o which is equivalent to [ V{t)dt = 0i.e. a wavelet has zero

mean. The use of the wavelet transform as a multi-resolution analysis tool has been widespread
involving many applications such as fractal signal analysis, pitch detection and image
compression. However, Frisch [24] and Messer [25] took a different interpretation of the
continuous wavelet transform and considered it as a two parameter correlation operation where
time and dilation are the correlation parameters i.e. x(t)is considered as a received noisy signal
with known amplitude, delay and dilated factor. y(t) is the template of the known shape.
Therefore using the continuous wavelet transform and an appropriate decision statistic, the
detection can be made for a signal buried in Gaussian noise. This interpretation will be later used
in the use of wavelants. Two important properties of the cumulants are:

x(t)y(%)dt (20)

1. The third order cumulant for a Gaussian (or any symmetrically distributed) random process is
zero.

2. If a subset of k random variables {x;] is independent of the rest, then the third-order cumulant
is zero.
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The above formulation exhibits properties closely related to those of cumulants. The higher order
wavelant can also be expressed using the Fourier representations of the signals given by
equations (21) and (22):

Wiz (bya1:by,00) = 1/3a1a; | Sax (i, AV (@ f)Z{as f)e 7 bstwsbs dundw, - (21)
L’V‘sxj(bljﬂl, 7 ﬂ-‘} = 1f "ﬂ-lﬂ-g J"_J".ng (flj ‘}X(ﬂ-lfl}X(ﬂ-:}i}E_}lw by +w5b5}dﬁ’ I:iH-" (22)

The 2-D cross-wavelant for an image can be expressed as:

Wz(bx1,by1,851,0y1; By, Bys,Qx7,0y2) =
1 by, ty—by —b —by
1 g oy (S22 508 (0t 50) gy
TXa

gu, @5 4@E Y odF1E¥ e 'L ] oy T
(23)
The equations (21) and (22) define the third-order cross and auto wavelants and equation (23)
defines the cross-wavelant for 2D images.

5.2 Properties
When the input used for computing the wavelant is translated and/or followed by dilation then the
following properties result

If x(t),y(t),z(t) mapsto Wi {by,ay;bsas)
by—-T E_ bo—T
Then x (= ) y(©),z(8) mapsto W, (2T, %, 2T 22
and .I-{i__-}_. ,__].- {u} Z{L} maps to H'{SYZ{U T 4T, ﬂltﬁ.;b:,ﬂg}
and x(t},}(t},ﬁ (?J maps to I:PXYZ(bl.I ﬂ-l;bg + 22T, ﬂ-gﬂj (24)
However, if the input is first dilated and then translated, then the results are given by
If x(t}, }'(t}, Z(tj mapS tO [’.V;YZ(bl.l ﬂ'j_; bz.l "-12)
then x{At — 1), v(2),=z(t) mapsto W3, (Ab, — 1, a;4; Ab, — 1, a54)
and x(t),vAy(At—1),z(t) mapsto Wiy, {r%lﬂ: ba anﬁ,
and x(t),v(t),VAz(At—1) mapsto W, (le ay; ’:T, %:] (25)

Before applying the wavelet transform, the 2D bispectra is first converted to a 1D frequency
response. The following figure shows a comparison of the results obtained at different levels of
approximations (low pass filtering) by applying wavelet transform (db8) on the bispectra results.
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FIGURE 6: Approximation (low pass filtering) results at levels 5, 6 and 7 for
(a) Assamese and (b) Bangla scripts
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Figure (6) shows that after the 5™ level approximation, we start loosing the precious details and
therefore, before using bispectra results for identification/classification, they are approximated
only up-to the 5" level. Following figure shows the results obtained for various Indian scripts.

s L
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FIGURE 7: Approximated bispectra results for (a) Gujarati, (b) Bangla, (c) Telugu and (d) Urdu scripts
The following figure shows that in addition to the dissimilar results obtained for different scripts,
the method gives fairly similar results for same script with different font types and sizes.
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FIGURE 8: Biwavelant results obtained for font size (a) 14 and (b) 16

Figure (8) shows the biwavelant results obtained for Devanagari script for two different font sizes.

Figures (7) and (8) illustrate that biwavelant (bispectra + wavelet) gives an envelope of the
bispectra which proves to be a convincing feature for script identification.

6. PRE-CLASSIFICATION
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6.1. Newton-Raphson Technique

The above results show that a biwavelant envelope can clearly distinguish/identify an Indian
script; but using it directly for the classification/identification of a script sample is not suitable
because of its high dimensionality. Therefore, Newton-Raphson technique is used to obtain the
roots of a biwavelant envelop for each script sample in order to reduce the dimensionality of the
feature space. The following table shows that the obtained roots clearly distinguish the Indian

scripts.

ROOTS TABLE
Script Root 1 Root 2
Urdu 1.36E+16 2.51E+15
Urdu 1.41E+16 2.45E+15
Urdu 1.39E+16 2.47E+15
Telugu 6.11E+15 1.68E+15
Telugu 6.39E+15 1.66E+15
Telugu 6.35E+15 1.68E+15
Bangla 1.74E+16 1.23E+15
Bangla 1.86E+16 1.26E+15
Bangla 1.62E+16 1.10E+15
Kannada 3.44E+13 1.95E+15
Kannada 3.75E+13 2.12E+15
Kannada 3.94E+13 2.11E+15
Guajarati 4.22E+15 5.10E+14
Guajarati 4.16E+15 5.27E+14
Guajarati 4.18E+15 5.16E+14
Gurmukhi 6.73E+15 9.70E+14
Gurmukhi 5.22E+15 6.60E+14
Gurmukhi 8.86E+15 10.3E+14
Assamese 2.03E+16 4.75E+14
Assamese 2.13E+16 4.78E+14
Assamese 1.97E+16 4.84E+14
Devanagari 1.05E+16 5.93E+14
Devanagari 1.06E+16 6.22E+14
Devanagari 1.06E+16 6.02E+14

TABLE 3: Roots obtained for Indian scripts using the Newton-Raphson technique

\ No. of
Script Lines Used Root-1 Root-2
Assamese 110 1.70E+16 3.99E+14
Assamese 105 1.55E+16 3.64E+14
Assamese 100 1.42E+16 3.29E+14
Assamese 90 1.14E+16 2.67E+14
Assamese 80 8.97E+15 2.11E+14
Assamese 70 6.75E+15 1.63E+14
Assamese 60 4.85E+15 1.23E+14
Assamese 50 3.37E+15 8.56E+13
Assamese 40 2.07E+15 5.62E+13
Assamese 30 1.14E+15 3.23E+13
Assamese 20 5.16E+14 1.43E+13
Assamese 11 1.58E+14 4.35E+12
Assamese 6 4.69E+13 1.30E+12
Assamese 3 1.22E+13 3.14E+11

TABLE 4: Variation of the roots for Assamese script with the number of lines used in the paragraph of a
script sample

This variation of roots is plotted and shown in the following figure (9).
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FIGURE 9: Variation of the roots with number of lines used in the paragraph of a script sample for
(a) Guajarati, (b) Devanagari scripts

Figure (9) shows that the variation of roots is linear to the sample size (no. of lines) and it holds
for all Indian scripts. The small non-linear portion is common to all scripts and hence, the
deferential effect gets cancelled. In order to estimate the level of confidence attained in identifying
a script sample and the possibility of making an erroneous decision, two parameters,
ConfidenceLevel and ErrorPossibility are defined in equation (26) as a function of the number
of lines constituting the test sample:

Ef{:i Cum(k) — Cum(l)
YAt Cum(k)

Confidencelevel =

ErrorPossibility = 1 — Confidencelevel (26)

where Cum (k) represent the third order cumulant of the k™ line and L is number of lines in the
script sample. For a particular script sample 4 = L = 120. The following figure shows the variation
of Confidencelevsl and ErrerPassikilizy with the number of lines in the script sample.
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FIGURE 10: Variation of (a) CenfidenceLevel and (b) ErrorPossibility
with the number of lines used by the algorithm to identify the script sample
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Figure (10) shows that the motive behind using more number of lines for feature extraction is to
have a higher confidence level in identifying a script sample.

7. CLASSIFICATION

7.1. k-Nearest Neighbor Classification

The k-means clustering algorithm is a fast, unsupervised, nondeterministic and iterative method
for generating a fixed number of disjoint clusters. Each data point is randomly assigned to one of
k-initial clusters, such that each cluster has approximately the same number of points. In the
subsequent iterations, distance of each point to each of the clusters is calculated using some
metric and subsequently moved into the cluster corresponding to the minimum distance.
Commonly used metrics are Euclidian distance to the centroid of the clusters or a weighted
distance which considers only the closest n-points. The algorithm terminates when no points are
moved in a single iteration. As the final result is highly dependent on the initialization of the
clusters, the algorithm is often repeated a number of times, with each solution scored according
to some evaluation function. The following figure shows the classification results obtained for

various Indian scripts using the nearest neighbor classifier.

Centres and data labels

Assamese
Gujrati
Hindi
Kannad
Telgu

Urdu
Punjabi  H
Bengali

2500

root1(1E+13)
FIGURE 11: Classification results obtained for the Indian scripts

Each point in figure (11) represents the feature vector (root1, root2) corresponding to a script
sample. Each sample is classified and associated to one of the eight clusters (scripts) i.e. to a
particular script. The clusters are shown with different colors and markers for easy understanding.
Centroid of each cluster, represented with + in figure (11), is computed using unsupervised k-
means clustering and given in the following table.
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CENTROIDS

Script Root 1 Root 2
Urdu 1.48E+16 2.45E+15
Telugu 5.36E+15 2.03E+15
Gujarati 4.31E+15 5.90E+14
Bangla 1.74E+16 1.23E+15
Kannada 1.53E+15 1.90E+15
Assamese 1.87E+16 5.70E+14
Gurmukhi 6.73E+15 9.70E+14
Devanagari 9.39E+15 5.60E+14

TABLE 5: Centroids of the clusters representing individual scripts

7.2 Multi-Layer Perceptron

The designed MLP network with logistic outputs has been trained with a quasi-Newton
optimization algorithm and various other optimized parameters given below in table (6). The
multilayer perceptron network takes two dimensional feature vectors as input.

MULTI-LAYER PERCEPTRON NETWORK
Sr. No. Parameter Name Parameter Value

1 Algorithm Used quasi-Newton optimization algorithm
2 No. of input neurons 2

3 No. of hidden layer neurons 6

4 No. of output layer neurons 1

5 Rate of weight decay 0.2

6 No. of training cycles 100

7 Activation function for hidden neurons tanh

TABLE 6: Characteristic parameters of the multilayer network used for the training and classification
The classification results obtained using the above MLP network are shown in the following
figure.

Network Confusion Matrix (98.6395%) Network Confusion Matrix (97.2789%)
60 0 97 1
8 520 5 475
Red Yellow Red Yellow

Predicted Predicted

(a) (b)

FIGURE 12: Classification results and the corresponding confusion matrix for
(a) Telugu, (b) Devanagari scripts

7.3. Support Vector Machine
Finally, the one vs. rest support vector machine was used to classify the partially similar Indian

scripts. Various optimized parameters used to design the support vector machine are given
below.
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Sr. No. | Parameter Name Parameter Value
1 Classifier Type One vs. Rest
2 Kernel Radial Basis Function
3 Scale 0.2
4 C 1000
5 Optimizer libsvm

TABLE 7: Various parameters used to design the support vector machine
The classification results obtained using the proposed support vector machine is given below in

the form of a confusion matrix.

Scripts Assamese | Bangla Gujarati | Devanagari | Kannada | Gurmukhi Telugu | Urdu
Assamese 0.9826 0.0174 0 0 0 0 0 0
Bangla 0.0199 0.9801 0 0 0 0 0 0
Gujarati 0 0 0.9442 0.0421 0 0.0137 0 0
Devanagari | 0 0 0.0540 0.9172 0 0.0288 0 0
Kannada 0 0 0 0 0.9899 0 0.0101 0
Gurmukhi 0 0 0.0521 0.0464 0 0.9015 0 0
Telugu 0 0 0 0 0.0118 0 0.9882 0
Urdu 0 0 0 0 0 0 0 1.0000
TABLE 8: Classification results obtained for various scripts and the corresponding confusion matrix

8. SCRIPT SAMPLES & CLASSIFICATION RESULTS

The proposed system was tested for eight Indian scripts using both printed and hand written

samples as shown in the following figure.
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FIGURE 13: Samples of eight Indian scripts used for training and testing of the proposed algorithm

In addition to the above, the proposed system was also tested on same script samples with
different font types and sizes as shown in figure (14).
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FIGURE 14: Samples of Devanagari script with different font types and sizes

The comparison of identification results obtained with various classifiers mentioned in the
previous section is given in table (9).

Sr. No. Classifier Type Classification Accuracy (%)
1 Bayes Quadratic 90
2 Decision Layer 91
3 Nearest Neighbour Classifier 87
4 Multi Layer Perceptron 94
5 Support Vector Machine 95

TABLE 9: Classification accuracy with various classifiers

9. CONCLUSION

The method has successfully identified eight Indian scripts and is expected to work for scripts
from other nations also. Indian scripts are closely related to each other and as the proposed
technique is sensitive to the structural changes in the script, it is able to distinguish them
successfully. But, the same sensitivity makes the method vulnerable to noise in the samples, so
the document has to be noise free for expected results. However, the pre-processing becomes
very complex for the removal of noise from the samples. The features of individual lines were
added until they reach to a saturation level. This saturation level in turn helped in determining the
confidence level for indentifying a sample. The variation in confidence level with the number of
lines in the sample was used to determine an optimum number of lines required in identifying a
script. A sample size of 100 lines gives the best result as it considers most of the features in the
script. The method works well for both the printed and hand written samples of the scripts,
independently. However, it does not work for the sample with a mixture of printed and hand-
written lines of a script. Pre-processing of hand-written scripts also adds to the complexity of the
method. In such a case of mixed characters, cumulants are not useful as being very sensitive to
the curvatures. Indian scripts are partially similar to each other. Because of the partial similarity,
we first consolidated on the number of words which enhances the partial dissimilarity and makes
it look significant. Then we used the method which is very sensitive to the curvatures and the
results were as expected.
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Abstract-We define a two part SME process having a
configuration part and an assembly part. The former is to
obtain methods that are configurable and individually meet
partial requirements of the desired method. The assembly
process then puts these methods together to form a coherent
situated method. Thus, the SME process relies on the
configuration sub process to provide a degree of assurance
that the required situated method shall indeed be produced.
We show how configurable methods can be produced and
how these can be configured. The point when assembly is to
be done is identified. An outline of the method base to support

the SME process is presented.

Keywords-Configuration process, Situational method
engineering, Variant.

1. INTRODUCTION

Situational method engineering (SME) is the technique for
constructing Information System Development Methods
that address specific project needs. It relies on a method
base that is the repository of method components. These
components can be retrieved and assembled together to
form the desired method. A number of approaches exist for
component retrieval. These rely on notions of descriptors
[1], project contingency factors [2] or method contexts [3].
Components are defined in compliance with Meta models
and may be fragments [4], contexts [5], decisions [6] etc.
The assembly technique itself has been illustrated in [9]
for putting together state chart and object model.

A number of issues arise in these approaches to SME. The
first issue is that of the appropriateness of the components
retrieved. The retrieved component may or may not
be found suitable to form the desired method during
the assembly process. The second issue is of ensuring
coherence of an assembly of components. Evidently, to
get a coherent method, it is not enough to assemble only
coarse grained components but the assembly process must
go down to the finest grained components. Since assembly

rinkydwivedi@gmail.com

is to be done for all levels of granularity, it becomes a
detailed tedious task.

Recently there are proposals to provide a rich set of
guidelines and structured approaches [8, 10] to form
a coherent method. These proposals are analogous to
software engineering domain and are two staged first
architecture of situated method is formed and then
method is organized from this architecture. Thus method
construction task is performed in a more disciplined and
cohesive way. Still the issues of appropriateness of the
method component being selected remain unanswered.

In recent times, the SME has moved to method
configuration to construct a project specific method [20,
21]. They rely on base method/method components which
can be transformed into a situation specific method through
process of tailoring, extension or assembly. Recently
configurability is gaining importance in industrial domain,
two important case studies that reflect the practical
application of this approach Case study of IBM global
services on configurability of Work Products [12] and
Case Study of Intel Shannon configuring agile methods
[13]. We now shall extent the notion of configurability to
situation method engineering.

We draw an analogy between method configuration and
system configuration. The system configuration is based
on the construction of a ‘configurable system model’
that represents the essential system concepts and inter-
relationship between these. The configuration process then
considers these to form the new system. It is assumed that
the configurable system model is sufficiently generic to be
specialized into a range of systems.

A number of issues need to be addressed for method
configuration. The first is of a Meta model to be used to
model the concepts of configured method. The second
issue is what ‘good component’ is and what the ‘right
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granularity’ is. The third is regarding the Selection of a
method component and lastly the process of configuration
to reach coherent desired method.

We approach the first issue by modifying the decisional
Meta model of Prakash [6] to reach configurable
Meta model capable enough to model the concepts of
our configurable method. The proposed configurable
method can be atomic, compound, transformational or
constructional and it exhibits characteristic which can
either be common or variable. Commonality in our view
is the characteristic of a method which if configured,
the method will lose its identity and Variability is the
characteristic of a method which can be configured.

Secondly we define method component are entire
methods, whether atomic or compound. From forgoing
these method models are configurable and will have
characteristics of commonality and variability. This is also
the right granularity because such methods provide to us
the most basic, coherent assembly of method components.
Coming to the third issue, that of ensuring appropriateness
of the retrieved component. As the method base now
contains methods, we propose to do retrieval based on
global properties of methods like stage of the life cycle for
which the method is applicable and method concepts used.
Since the retrieved components shall satisfy global method
properties, the chance of retrieving relevant components
becomes high.

Finally after retrieving the configurable component
we configure them as per requirements. Now with
configured method, any assembly with other components
can be carried out. This reduces the assembly process to
manageable proportions: there is some assurance that the
components being assembled have a reasonable chance
of producing the desired method and the detailed work of
assembling components is limited to such components.
Thus our proposal is to make a two stage SME process.
The first stage is the configuration of retrieved methods
and the second is to assemble the configured methods to
form the situated method.

In the next section we review the related research and
formulate our proposal for method configurability by
analogy with system configurability. In section 3, we build
a Meta model for method configurability by introducing
notions of commonality and variability in the basic
Meta model of [6]. In section 4 we apply the process of
defining configurable methods to UML and represent it as
a configurable model. Section 5 contains our configuration
process. This process takes a configurable method as input
and produces a configured method. We consider our two

stage SME process in section 6. Here we consider the
method base of configurable components, retrieval from
it, and application of the configuration process. Finally,
an identification of where assembly is needed. Section 7
contains a discussion of related work.

2. METHOD CONFIGURATION

In this section we illustrate method configurability. We
first review work on configurability, commonality and
variability in systems development, situational method
engineering and then present our view for method
engineering. We will see that the configuration process
concentrates on variable aspects of a method to yield the
method required for a specific situation.

Configurability has been defined in many ways. The IEEE
glossary considers it to be “The arrangement of a computer
system or component, defined by the number, nature, and
interconnections of its constituent parts”. In the context
of business process models, it has been treated as dealing
with the question “How to model business processes that
are similar to one another in many ways, yet differ in some
other ways from one organization, project or industry to
another?”’[14].

The task of configurability is to first create a new model
called a configurable model followed by selecting those
parts of the configurable model that are relevant to the
user’s requirement. Configurable models use notions of
commonality and variability. Coplien et al [15] define
commonality as an assumption held uniformly across a
given set of objects whereas variability is an assumption
that is true for only some elements of the set. In [16] we
have the definition of variability as “an assumption about
how members of a family may differ from one another”. A
configurable model identifies commonality and variability
that can be exploited in developing a new system from the
configurable model.

Davenport [17] describes the process of configuration as
a methodology performed to allow a business to balance
their IT functionality with the requirements of their
business. Soffer et al. [18] consider configuration as an
alignment process of adapting the enterprise system to
the needs of the enterprise. [19] Proposes a method that
systematically develops requirements using commonality
and variability in product line approaches.

Recently configurability is gaining importance in
industrial domain, two important case studies that reflect
the practical application of this approach Case study of
IBM global services on configurability of Work Products
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[12] and Case Study of Intel Shannon configuring agile
methods [13].

Configurability based SME process relies on a Base
Method. [20, 21] this is in contrast to earlier approaches
for situation method engineering that relies on a method
base. Formal definition of base method is given in [20] as
“Abase Method is the systems engineering method chosen
as the starting point for the configuration work”. The
essential activity of configurability based SME approach
is method tailoring, here the base or candidate method is
tailored as per the situational need. The notion of method
tailoring can be in any form whether reduction [22] or
extension [22]. Karlsson [20] has presented a frame work
for configuring methods called MMC (Method for Method
Component). Here project specific method is configured
from base method by administrating configuration
packages. However, Wistrand [21] has defined a conceptual
construct named as ‘Method Component’ which aims to
transfer a base method for given goals in form of required
artifacts. These proposals are in the infant stage.

We extend the notion of commonality and variability
to method engineering. We assume that a configurable
model of a method is an association of commonality and
variability with method concepts. Table 1 states that ER
has method components that can be qualified as common
and variable, a method derived from ER must have the
notions of entity and relationship sets, attributes, primary
key, role and cardinality. However, notions of weak entity
set, arity of relationships and multiplicity of attributes are
variable.

TABLE 1
A CONFIGURABLE MODEL OF ER

Method concepts Essentiality
Entity set Common
Relationship set Common
Weak Entity set Variable
Attribute Common
Primary Key Common
Role Common
Cardinality Common
N-ary relationship Variable
Multiplicity of attribute Variable

By analogy with the process of configuration [18], we
define the method configuration process as an alignment
of a method to the needs of the situated method. Now just
as the system configuration process yields a configured
system belonging to the family so also the method
configuration process produces a family of methods. A few
members of the family of Table 1 are shown in Table 2.
The configuration process includes all common concepts
of ER in a method family member but selects variable ones
based on the need of the specific project being handled.
Table 2 shows three ER family members obtained through
three instances of the configuration process.

TABLE 2
SOME FAMILY MEMBERS OF ER

Family Concepts

Member
1 No weak entity set, all others as in ER
2 All ER concepts but only single valued attributes
3 All ER concepts but binary relationships only

3. A META MODEL FOR METHOD CONFIGURABILITY

In this section we develop a Meta model for configurable
method models. The decisional Meta model of [6] has
a generic model part that treats a method as a triple <
MB, Dep, E> where MB is a set of method blocks, Dep
is a set of dependencies between these, and E is the
enactment algorithm. Our generic configurability model
introduces commonality and variability concepts in this
basic generic model as shown in Fig. 1. The generic
configurability model is centered round MB and Dep. E is
the procedure that exploits the given set of MB and Dep
to produce the product. It cannot be configured but comes
as a given with the Meta model. The set Dep establishes
dependencies between instances of method blocks. Thus,
if a method block is common then all dependencies
in which it participates are relevant to the configured
method. However, if a method block is a variant and not
included in the configured method then all dependencies
in which these variants participate are meaningless. Since
Dep is configured by the very act of inclusion/exclusion
of method blocks, it is not to be directly configured by
the method engineer. We treat it as not configurable in our
Meta model.
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FIG. 1: THE CONFIGURABLE META MODEL

Fig. 1 shows the presence of an attribute called essentiality.
Essentiality=common specifies commonality whereas
Essentiality=variable specifies a variant. This figure
shows that a method can be common or variable. This has
particular relevance for compound configurable methods
for example, UML which is compound method consisting
is a unification of atomic methods:

< Use Case Diagram, Activity Diagram, Class Diagram,
Sequence Diagram, Collaboration Diagram, State Chart
Diagram, Deployment Diagram, Component Diagram>.

Itis possible to declare Use Case Diagram [UCD] and Class
Diagram as common and other component as variable. Any
method configured from this shall necessarily have a Use
Case Diagram and Class Diagram components whereas
the others are optional. In contrast, an atomic configurable
method can only be common.

Within a method, it is possible for method blocks to be
either common or variable. This is shown in the Fig. 1
by the essentiality attribute of the concept method block.
Thus in the foregoing example, the common class diagram
can have its individual concepts as common or variable.
For example, we may define an object class as common
but an operation of the class as variable. Similarly in UCD
we can define actor, use case, communication as essential
whereas generalization can be variable.

Our basic process of defining configurable methods is as
follows:
[ ]

Define the scope of the configurable method by
identifying the family members.

If the method is compound then define the
essentiality property of each component method
else define its essentiality as common.

For every concept of the method, define the
essentiality property.

This process is top down in the sense that we first establish
essentiality for the global method and then proceed down
to determine essentiality of coarse grained concepts and
eventually to the finest grained ones.

As mentioned earlier, the decisional Meta model is an
instantiation of the generic model. Correspondingly the
configurable decisional method model is an instantiation of
the generic configurable model. The instantiation relevant
to our purposes is shown in Table 3.

TABLE 3
THE DECISIONAL META MODEL

Generic Model Concept Decisional Meta Model Concept
Method block Decision
Objective Purpose
Product type Structure
Process type Operation

A method block is an aggregate of approach and purpose.
For simplicity, let us ignore the notion of an approach.
Thus a method block reduces to a purpose. Now, in a
purpose, there is a structure part and an operation part.
As we will see, the set of operations are a given in the
Meta model. Thus, they are not configurable. The only
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configurability is of the concept structure. This results
in the purpose and consequently, the decision to be
configurable. Again, however, this configurability can be
algorithmically determined, only that subset of purposes/
decisions is included in the situated method which is built
on the included concept structures. Thus, there is no need
for the method engineer to explicitly do this configuration.

In the rest of this section, we consider configurable
structures and outline the set of non-configurable
operations of the configurable decision Meta model.

3.1 Structure

There are two kinds of structures, those whose instances
can be created and destroyed by application engineers
and those whose instances are pre-defined. The former
are called conceptual structures and the latter are called
fixed structures. Conceptual structures constitute the set of
concepts in terms of which a product is expressed. Fixed
structures are those that are defined once and all for by
a method engineer. An example of fixed structure is a
method constraint such as completeness and conformity
which cannot be created or destroyed by the application
engineer.

Conceptual Structures

As shown in Fig. 2, conceptual structures are partitioned
into two dimensions. The first dimension classifies them as
either simple or compound. The second dimension
represents conceptual structures into disjoint classes of
structures called constraint, definitional, constructional,
link, and collection of concepts respectively.

Conceptual struclure

Essentizity-

{commen, variabie} \
Collection
(=T =N
<

Compound

FIG. 2: THE CONFIGURABLE CONCEPTUAL STRUCTURE

Simple constructional structures cannot be decomposed
into other components. Links are conceptual structures
that are used to build collections of concepts from given
concepts. For example ISA and aggregation are links, as
they build abstraction hierarchies. Collections of concepts
are constructed whenever constructional structures
are connected by links. Aggregations, specialization
hierarchies, and subtype hierarchies are examples of

collection of concepts. A collection of concept is complex
if it is defined out of other collections. Definitional
structures define the properties of conceptual structures.

Constraints impose application-related constraints on
conceptual structures. For example, such a constraint
could say that the ages of employees should be less than
65 years.

The presence of the attribute, essentiality, in Fig. 2 shows
that conceptual structures are configurable. We will
illustrate this configurability in section 4 with an example.

Fixed Structures

Fixed structures deal with the restrictions that are used to
enforce quality of conceptual structures. They are defined
by the method engineer to help the application engineer in
creating well defined and well formed conceptual structures.
In their simplest form, they are the method constraints
of completeness, consistency, conformity and fidelity.

Similarly there are compositional constraints which are
specified between conceptual structures of the different
simple component methods of a compound method. A
structure of one of these cannot compose any arbitrary
structure of the other. Such composition is governed by
constraints that control the product resulting from the use
of compound methods. The method engineer defines these
constraints at the time the compound method is defined.
For example in UML, operation in Class Diagram must be
a use case in Use Case Diagram.

Fixed structures are shown in Fig. 3. Notice that they are
configurable due to the presence of the essentiality
attribute.

Fixed Structure

Method Design Environmental
Constraint Factor Factor

FIG. 3: CONFIGURABLE FIXED STRUCTURES

3.2 The Operation
Operations identify the set of process types that operate
upon product types to provide product manipulation and
verification capability to application engineers. Operations
are classified into two four classes as follows:
e  Basic Life Cycle: For each conceptual structure
there are operations to create, and delete it. Create
and delete are not defined for the fixed structures.
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e Relational: These allow different structures to
be related to one another. These are attach, join,
couple, associate, relate, apply and their inverses.

e [ntegration This class of operations is defined
for compound methods. These operations are,
export, import, correspond, convert and their
inverse operations.

e Constraint Enforcement: For each conceptual
structure of a method and the method constraint
applicable to it, a method constraint enforcement
operation is defined.

4. UML AS A CONFIGURABLE METHOD

We apply the process of constructing a method described
in section 3 to Unified Modeling Language which is
composed of nine component methods such as Class
Diagram, Sequence Diagram, Collaboration Diagram,
State Chart Diagram, Component Diagram etc. We are
assuming following qualification for these components<
common, variable> as given below

TABLE 4
ESSENTIALITY OF UML METHOD COMPONENTS

Method component Essentiality
Use Case Diagram Variable
Activity Diagram Variable
Class Diagram Common
Sequence Diagram Variable
Collaboration Diagram Variable
State Chart Diagram Variable
Component Diagram Variable
Deployment Diagram Variable
Object Diagram Common

This table shows that the Class Diagram and Object
Diagram are considered as essential to any method
configured from UML. This means that UML can yield
a family of methods that may be object oriented or
data oriented [23] in nature. The assumptions about
commonality and variability for each method concept of
Class Diagram are shown in Table 5.

TABLE 5
CLASS DIAGRAM AS A CONFIGURABLE MODEL

Method concepts Essentiality

Class Common
Data_type Common
Association Common
Aggregation Variable

Operation Variable

Generalization Variable
Generalization-link Variable
Aggregation-link Variable
Cardinality Common
Degree of association Variable
Multiplicity Variable
Degree of association Variable

The Class Diagram configurable model has class, Data_
type, association and cardinality as common to its family.
The rest of the Class Diagram concepts are variants.

5. THE CONFIGURATION PROCESS

The configuration process assumes the existence of a
configurable method. In producing a method, the process
first considers the essentiality property of the global
method. If the method is atomic then it is accepted as
such and renamed. If it is a compound method then all
components that have Essentiality=common are accepted
in the method To-Be. Similarly, all method concepts
of selected methods having Essentiality=common are
accepted in the new method.

The focus of the configuration process now shifts to
variants. These are to be examined by the method engineer
for appropriateness for the new method. If relevant then
they are included else they are excluded. Thus, the
intellectual task of the method engineer is centered on
variants.

It may happen that the new method needs concepts that are
not present in the configuration produced. In such a case
we propose to do method assembly by looking at other
methods that may have these concepts.

As an example, let us configure Class Diagram to yield
the ER model. As mentioned above, Class diagram has
Essentiality = common. It is therefore renamed as ER and
is now configured: all common concepts are present in ER
(with entity set as alias for class and relationship set as
alias for association). Out of the variants only multiplicity
of attributes is taken. However, some concepts of ER, like
primary Key are not configurable from Class Diagram.

6. THE SME PROCESS

Our SME process consists of two sub processes, the
configuration sub process and the assembly sub process.
We propose that the configuration process is basic to the
SME process and that assembly should be attempted only
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when configurability fails to deliver the desired method.
This failure can happen in two ways:
e An entire method of a compound method is
missing in the configurable method.
e Method concepts are missing.

Our SME process relies on the existence of a method
base of configurable methods. Configurable methods can
be retrieved based on global properties. These properties
provide a broad indication of the family of methods that
can be produced. We propose properties as follows:

(i)  The part of the systems development life cycle
catered to, requirements engineering, system
design, complete life cycle etc.

(i)  The nature of the configurable method. This
can be atomic or compound. These methods are
further classified as proposed by [23] as data,
process, or behavior oriented. Additionally,
methods can be object oriented. Requirements
engineering methods can be model driven or
not, goal oriented, scenario oriented, and so on.

(i) The application area of the method, whether
constructional or transformational [24].
(iv) Component methods of compound methods

having essentiality=common.

Additionally, for each method in the base, the method
concepts that have essentiality = common can be used to
retrieve these concepts.

This yields a method base structure (only relevant
part shown. Details can be obtained from the authors.)
Consisting of relations as follows:

I.  Method base(Method id, method name, life
cycle, application, method type, method nature).
This relation keeps global method information:
life cycle identifies the stage of the life cycle
addressed; application takes on values from
{constructional, transformational}; = method
type tells us whether the method is atomic or
compound; method_nature is the method class like
data oriented, process oriented.

1I. Compound Method(method id, component id,
essentiality). This relation keeps track of the
component methods of a compound method.

III. Configurable method (method id, method
_concept, essentiality). Commonality and
variablility information about the concepts of a
method are maintained.

Retrieval from the method base starts off by first retrieving
configurable methods of interest. For example,

Select method_id, method name, method _type
From method base
Where life_cycle = system design application =
constructional
And method nature = data- oriented.

Evidently, the intention is to build a data oriented method
for constructing system designs.

Individual methods from the list obtained can then be
examined. Assume that a compound method is retrieved.
Now, the method engineer obtains its component methods
along with their essentiality in the compound method.
For example, if a method named UML is having method
1d=27 had been retrieved then the following query is made

Select component_ id, essentiality

From Compound Method

Where method id =27

At this moment the method engineer knows which
component methods are common and which are
variants. The method engineer can now decide about
the appropriateness of the configurable method for the
situated method.

Once the configurable method is selected based on global
properties, a detailed examination at the method concept
level is performed. For example, if a component id=35,
say Activity Diagram, is a potential candidate for inclusion
in the situated method then a query to examine it can be
formulated:

Select method concept

From configurable method

Where method id = 35 and essentiality =

common

As a result, all the retrieved common method concepts
are examined for their appropriateness for the situated
method. If these are acceptable then the variants can be
obtained and their suitability assessed.

A list of missing methods/concepts is now made. The
method base is searched again for methods that may
contain these concepts. Thus a collection of configured
methods is obtained that need to be assembled together to
form the situated method.

To sum up, three cases arise:

1. A configurable method retrieved from the
method base cannot be configured to yield the
situated method. It is discarded and another one
is considered.

2. The configured method is the method To-Be. In
this case no assembly is required.
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3. The configured method only partially meets the
requirements of the method To-Be. Evidently,
assembly with other configured methods is now
to be done.

7. RELATED WORK

A body of knowledge exists for configuring information/
software systems from a configurable model. Such a
system is viewed as a monolithic whole and the entire
system is configured. However, in method engineering,
we are dealing with relatively diverse phenomena: atomic/
compound methods, constructional/transformational
methods, different methods for different stages of the life
cycle [7]. It is not necessary that even after configuration
is done, a full acceptable situated method is produced.
Therefore, in contrast to system configuration, assembly
plays an important role in situational method engineering.
The basic techniques for building configurable methods
and the basic configuration process can however be
adopted from system engineering. According to [25]
there are five main steps (a) establish scope (b) identify
commonalities and variability (c) bind the variability by
placing appropriate limits (d) exploit commonalities and
(e) accommodate variability. In this paper we have shown
that these steps can be seen in configurability for methods.

Regarding determining what is common [19] introduces
a threshold. If the percentage of family members showing
the feature is above this threshold then the feature is
considered to be common. However, [25] is silent on
how commonalities are determined. At this stage in our
work, we have left this decision to the experience of the
configurable method engineer. However, we intend to
explore a mechanism for determining commonality in the
future.

8. CONCLUSION

In this paper we extend the notion of configurability to
method engineering. The approach adopted in this paper is
shown in Fig. 4

Generic model

H Configurable metamodel
Meta model
:: T

Configurable method

madel

Specific methods

FIG. 4: INSTANTIATION OF CONFIGURABILITY USING
GENERIC META MODEL

On the left hand side of the figure is the view of traditional
method engineering [26]: a meta-model is an instantiation

of a generic model and methods are instantiations of
the meta-model. In order to facilitate configurability,
we introduce configurability in the Meta model and
consequently in the configurable method. The latter is an
instantiation of the former.

We propose a two-part SME process of configuration
and assembly. The former ensures that the methods
being assembled are ‘good’ methods in the sense that
individually they meet a part of the requirements of
the situated method. The collection of methods to be
assembled therefore provides a degree of assurance of
yielding the situated method.

The main advantage of our approach is significant reduction
in efforts to be put in by Method Engineers. Firstly, with the
introduction of common and variable concepts, the method
engineer has to focus only on the variable concepts as per
situational requirements. Secondly, assembly process
is mitigated until new concepts other than common and
variable are required. This remarkably reduces the method
engineer’s efforts.

In future, we expect to lay down a criterion for defining
commonality. This will be based on hierarchy of
conceptual structures which can be instantiated by the
CAME tool MERU [11] and then method knowledge will
decide common and variable. An implementation of the
configurability proposals made here is under way and we
expect to verify it for configurability against a number of
methods. Subsequently, we shall implement the full SME
process as proposed here. Lastly we are extending MERU
to support method configuration and assembly.
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Abstract. We report results of the studies relating to development of an aptamer-based
electrochemical biosensor for detection of human lung adenocarcinoma A549 cells. The
aminated 85-mer DNA aptamer probe specific for the A549 cells has been covalently
immobilized onto silane self assembled monolayer (SAM) onto ITO surface using
glutaraldehyde as the crosslinker. The results of cyclic voltammetry and differential pulse
voltammetry studies reveal that the aptamer functionalized bioelectrode can specifically detect
lung cancer cells in the concentration range of 10° to 10’ cells/ml with detection limit of 10°
cells/ml within 60 s. The specificity studies of the bioelectrode have been carried out with
control KB cells. No significant change in response is observed for control KB cells as
compared to that of the A549 target cells.

1. Introduction

Lung cancer is currently a major cause of cancer related deaths both in the developed and developing
nations’. To reduce high mortality rate arising due to lung cancer, an early diagnosis of the disease is
essential. Most of the existing methods presently being used for cancer detection are X-ray, spiral
computed tomography*, sputum cytology®, positron emission tomography®, virtual bronchoscopy’
etc .These methods are based on morphological criteria that cannot be used for early detection of this
important disease. Besides this, these are known to be non-specific for cancer classification. Since
cancer results from the accumulation of a variety of genetic events (e.g., mutations, rearrangements,
and deletions)®*? controlling cell growth and differentiation, the studies on these changes may
perhaps serve as diagnostically useful molecular markers™*™. Development of molecular probes that

* Towhom any correspondence should be addressed.
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can recognize molecular abnormalities during the lung carcinogenesis process is likely to enable
clinicians for diagnosis of cancer at early stage and identify its subtypes.

Development of noninvasive tests has been the focus of cancer research that may facilitate earlier
diagnosis and treatment of lung cancer. Several studies on variation of the surface specific antigens to
differentiate between normal and cancer cells have been performed using antibodies™. These surface *

specific antigens cannot be exclusively expressed for any single type of cells and may result in
false-positivity. To address to this problem, aptamers have emerged as attractive alternatives to
antibodies™"'®. Aptamers, single-stranded oligonucleotides, have been identified for specific cancer
cell recognition by applying a cell-SELEX (cell-based systematic evolution of ligands by exponential
enrichment) method’®. Besides this, these biomolecules can fold into unique three dimensional
conformations to bind to selected molecules ranging in size from small organic molecules to whole
cells with high affinity and selectivity®.

Aptamers are known to possess several advantages over other recognition molecules like ease of
synthesis and modification, long term stability, high specificity etc which making these biomolecules
as potential candidates for development of desired analytical devices?. Several studies relating to the
fabrication of aptamer based biosensors for the detection of proteins®’, molecules®, cancer cells*?’ etc
have been performed indicating high affinity and specificity of the aptamer probes towards their
respective targets. And the electrochemical method of detection is being preferred over other methods
of detection since this technique exhibits high signal to noise ratio resulting in high sensitivity, rapid
response and reproducibility of the biosensor®®. Pan et al have fabricated an aptamer based
electrochemical sensor for label-free recognition and detection of leukemia cells®®. Rodriguez et al
have reported an aptamer based biosensor for lysozyme detection using electrochemical impedance
spectroscopy?.

In the present manuscript, we report results of studies relating to fabrication of an electrochemical
biosensor for detection of lung cancer cells using aptamers. The aptamer functionalized bioelectrode
has been prepared by covalent immobilization of the aptamer probe on self assembled monolayer of
silane onto the ITO surface using glutaraldehyde as the crosslinker. The response of the bioelectrode
towards the target cancer cells has been investigated using cyclic voltammetry and differential pulse
voltammetry.

2. Materials and methods

3-(2-aminoethylamino) propyl trimethoxysilane (AEAPTS), glutaraldehyde and amine-terminated
aptamer sequence have been purchased from Sigma-Aldrich. All the reagents are of analytical grade
and have been used without further purification. De-ionized water (Milli Q 10 TS) with resistivity
>18.2 MQ-cm has been used for preparing all aqueous solutions. Indium-tin-oxide (ITO) coated glass
plates have been obtained from Balzers, UK, (Baltracom 247 ITO, 1.1 mm thick) with sheet resistance
and transmittance 25 Qsq™* and 90%, respectively.

Aptamer probe: NH, - 5’- ACG CTC GGA TGC CAC TAC AGG GTT GCA TGC CGT GGG GAG
GGG GGT GGG TTT TAT AGC GTA CTC AGC TC ATG GAC GTG CTG GTG AC -3'*

Target cells: A549 cells

Control cells: KB cells

2.1. Culture medium for cells

Ab549 cells derived from human lung adenocarcinoma and KB ( control) cells derived from head and
neck squamous carcinoma are maintained as monolayer cultures at 37 °C in a humidified CO;
incubator (5% CO,, 95% air). A549 and KB cells are maintained in high glucose DMEM
supplemented with 10% fetal bovine serum (FBS), HEPES (10 mM) and antibiotics (30 pgml™
penicillin G, 50 pgml™ streptomycin and 2 pgml™ nystatin). All the cell lines are routinely sub-
cultured (twice a week) using 0.05 % trypsin in 0.02 % EDTA and reseeded in fresh medium. FBS and
DMEM (both low and high glucose) were purchased from SIGMA chemicals.
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2.2. Fabrication of Aptamer-functionalized bioelectrode

ITO coated glass plates are washed with acetone, ethanol and copious amount of deionized water
followed by hydrolyzation in NH,OH:H,0,:H,0 (1:1:5) solution at 80°C for 45 min. Hydrolyzed ITO
plates are dipped in 1% ethanolic solution of AEAPTS for 2 h for formation of self-assembled
monolayer (SAM) and then washed with ethanol followed by deionized water. Silanized I1TO surfaces
are then soaked in 0.5% aqueous solution of glutaraldehyde for 6 h for SAM formation.
Glutaraldehyde acts as a crosslinker between the amine group at the silanized ITO surface and the
amine-terminated aptamer sequence. 20 puL of 1 uM aptamer solution is then dispensed onto the
silanized 1TO surface for about 2 h for covalent immobilization resulting in the fabrication of aptamer
functionalized bioelectrode.

2.3. Characterization

The morphology of the aptamer functionalized bioelectrode and morphological changes on incubation
of the bioelectrode with target cells have been studied using SEM, LEO 440 scanning electron
microscope. The transmission studies of the silanized 1TO surface and the aptamer functionalized
bioelectrode in the infrared region have been carried out on Perkin Elmer, Spectrum BX Il
spectrophotometer in the wavenumber range of 4000-450 cm'™.

The electrochemical experiments have been conducted on Autolab PGSTAT 302N System
(Ecochemie, The Netherlands) in a three electrode system. All electrochemical experiments have been
carried out in a cell containing 15 ml of 100 mM Phosphate Buffer Solution (PBS, pH 7.4) containing
0.9% NaCl and 5 mM Ka/K4[Fe(CN)g] as a redox probe and using a platinum wire as auxiliary, a
Ag/AgCl wire as reference, and the modified ITO as the working electrode.

3. Results and discussion

3.1. SEM studies

Figure 1 shows the morphology obtained for the apt-glu-silane-1TO bioelectrode before and after cell
binding. The observed granular structure on immobilization of single-stranded DNA aptamer indicates
covalent binding of aminated aptamer probe onto silanized ITO surface (figure 1(a)). The uniform
spindle like structure appears on incubation of the apt-glu-silane-ITO bioelectrode with A549 cells
(figure 1(b)) revealing the affinity of aptamers with target cells.

Figure 1. SEM micrographs of apt-glu-silane-1TO bioelectrode before (a) and after (b) cell binding.

3.2. FTIR studies

Figure 2 shows the transmittance spectra observed for the silanized ITO electrode and aptamer
functionalized bioelectrode. The peaks seen at 679 cm™ and 1113 cm™ corresponding to Si-CHs stretch
and Si-O-Si antisymmetric stretch respectively, indicate the formation of siloxane bond between the
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silane and the 1ITO surface® [figure 2(a)]. Peaks found at 1415 cm™, 2808 cm™ and 3265 cm™
correspond to C-N, C-H and N-H stretch in the AEAPTS, respectively. Further, the peak at 1585 cm™
corresponding to NH, deformation reveals the presence of amine groups at the silanized ITO surface.
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Figure 2. FTIR spectra of (a) AEAPTS/ITO surface and; (b) Apt/GIu/AEAPTS/ITO surface.

In figure 2(b), peaks at 553 cm™ and 823 cm™ correspond to C-O and N-H bending vibrations in
amino acids, respectively. Peaks seen at 3372 cm™and 1386 cm™ correspond to N-H stretch and C-N
stretch, respectively. Further, the peak at 1261 cm™ corresponds to P-O stretch of the phosphate
backbone of DNA, peaks at 1546 cm™ and 1649 cm™ pertain to the C-O stretch of the purine and
pyrimidine rings of DNA®*. All these peaks reveal the immobilization of the amine-terminated
aptamer probe onto the silanized ITO electrode.

3.3. Electrochemical characterization

Figure 3a shows the cyclic voltammograms obtained for the ITO electrode, silane-1TO electrode, glu-
silane-1TO electrode and apt-glu-silane-1TO bioelectrode in the potential range of -0.7V to +0.7V at
scan rate of 50 mV/s. The 0.4V peak corresponds to the oxidation peak of the redox couple, Ks/K,
[Fe(CN)e] present in the buffer. It can be seen that there is a significant increase in the anodic peak
current for the silane-ITO electrode (figure 3a (ii)) compared to that of the ITO electrode (figure 3a
(i)). The NH,-terminal of the silane acquires positive charge in the buffer and thus attracts the
negatively charged cyanide ions present in the buffer. The electrostatic attraction between the
positively charged silanized I1TO surface and the negatively charged redox species present in the buffer
facilitates electron transfer across the electrode-electrolyte interface leading to increased oxidation
current®, Futher, decrease in oxidation current may perhaps be attributed to the formation of an
insulating layer of glutaraldehyde on the silanized 1TO surface (figure 3a (iii)). Again, the increase in
the oxidation current on immobilization of the amine-terminated aptamer probe (figure 3a (iv)) can
perhaps be asisgned to the electrostatic attraction between the positively charged surface of apt-glu-
silane-1TO bioelectrode and the negatively charged redox species present in the buffer resulting in
facile transfer of electrons.

Figure 3b shows the differential pulse voltammograms obtained for the ITO electrode, silane-ITO
electrode, glu-silane-ITO electrode and apt-glu-silane-1TO bioelectrode in the potential range of -0.7V
to +0.7V. The increase in the peak current for silane-1TO electrode (figure 3b (ii)) compared to that of
the 1TO electrode (figure 3b (i)) is attributed to the facile electron transfer aided by the opposite
charges on electrode and the electrolyte. The decrease in the peak current for glu-silane-1TO electrode
(figure 3b (iii)) reveals the formation of an insulating layer of glutaraldehyde. Further, increase in the
current on immobilization of the amine-terminated aptamer sequence (figure 3b (iv)) is ascribed to the
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transfer of electrons facilitated due to the electrostatic attraction between positive electrode surface
and negative redox species in the buffer.
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Figure 3. Stepwise characterization of aptamer functionalized bioelectrode using CV (a) and DPV (b).

3.4. Surface coverage of aptamer

The cyclic voltammteric investigations of apt-glu-silane-ITO bioelectrode have been conducted as a
function of scan rate (v) (10-100 mV/s) to determine the surface coverage of aptamer probe. The
anodic peak potential (Ep,) is found to vary linearly with logarithm of scan rate and follows Eq.1:

Epa = 0.2051 log v - 0.0433; R = 0.9949; SD = 0.0046 Eq.1
According to Laviron’s theory, the slope of the linear curve between the anodic peak potential and the
logarithm of scan rate represents RT/anF (a- transfer coefficient). This can be used to calculate the
surface concentration of the aptamer using the following equation:

ip = N°F?vCA (4RT)" Eq.2
where, iy/v can be calculated from the i, Vs. v plot (ip- anodic peak current; v- scan rate)* .

The total surface concentration of the aptamer probe has been found to be 1.627 x 10™° mol cm?
(using ip/v =9.754 x 10°).

3.5. Response studies of aptamer functionalized bioelectrode

The response of the aptamer functionalized bioelectrode towards target cell (A549) binding has been
investigated using cyclic voltammetry in PBS buffer containing Ka/K4[Fe(CN)g] as a redox couple in
the voltage range of -0.7 V to +0.7 V at scan rate of 50 mV/s. The decrease in the oxidation current is
observed due to binding of the A549 cells (figure 4a). This is because the biological cells on
attachment to the substrate form an insulating layer that perhaps provides barrier to the flow of
electrons through the electrode surface resulting in the decrease of the current?®®. The resistance to the
flow of electrons increases with increasing concentration of A549 cells and thereby results in the
decrease of current with rising concentration of target cells.

The calibration curve for the apt-glu-silane-1TO bioelectrode can be obtained by plotting the anodic
peak current for logarithmic values of the different concentrations of cholesterol (figure 5(a)). Linear
relation is obtained between the anodic peak current and logarithmic value of cell concentration over
the range of 10%-10" cells/ml with standard deviation and correlation coefficient of 62.91 pA and
0.9831, respectively.

The binding of target cells to the apt-glu-silane-ITO bioelectrode has been studied using
differential pulse voltammetry. The decrease in current is observed with the increasing concentrations
of target cells (figure 4b) due to formation of the insulating layer which impedes the flow of electrons
through the electrode surface indicating binding of the cells to the aptamer. The calibration curve
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obtained by plotting the DPV peak current for the logarithmic values of cholesterol concentrations
(figure 5(b)) reveals the linearity over the concentration range of 10%-10 cells/ml with standard
deviation and correlation coefficient of 13.38 YA and 0.9863, respectively.
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Figure 4. Response Studies of the aptamer functionalized bioelectrode using CV (a) and DPV (b)
with target A549 cell concentrations of (i) 0; (ii) 10°; (iii) 10* ; (iv) 10°; (v) 10° and; (vi) 10 cells/ml.
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Figure 5. Calibration plot for CV response (a) and DPV response (b) of the aptamer functionalized
bioelectrode towards different concentrations of A549 cells.

3.6. Response studies of aptamer functionalized bioelectrode
The specificity of the apt-glu-silane-ITO bioelectrode towards detection of A549 cells has been
investigated using cyclic voltammetry (figure 6a). In the control experiments, the response of the
bioelectrode towards culture medium and the control KB cells has been studied. The observed
decrease in the current observed on incubation of the bioelectrode with culture medium without cells
may be attributed to the physical adsorption of the species from the environment. The decrease in the
current on incubation of the bioelectrode with KB cells is approximately half of that in case of A549
cells for the same concentration. Thus, the binding of the A549 cells to the bioelectrode surface
perhaps dominates the CV response.

The selective response of the apt-glu-silane-1ITO bioelectrode towards the A549 cells has been
further confirmed by differential pulse voltammetry (figure 6b). The decrease in signal observed with
the target A549 cells is much higher as compared to that obtained with culture medium and the control
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KB cells. This further reveals the selectivity of the aptamer functionalized bioelectrode towards human
lung adenocarcinoma A549 cells.

.| ®
20x0*
10x10° (&) (i) aptamer
.| () aptamer . (if) growth medium
8040 (i) growth medium 16107+ (iif) control KB cells
6.0x10™ 2
(iv) target A549 cells e
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Figure 6. Specificity studies of the aptamer functionalized bioelectrode with control KB cells using
CV (a) and DPV (b).

4. Conclusions

An aptamer based biosensor has been fabricated for detection of human lung adenocarcinoma A549
cells using aminosilane as the platform. The amine-terminated aptamer probe has been covalently
bonded to the amine functionalized silane surface onto ITO using glutaraldehyde as the crosslinker.
The surface coverage of the aptamer probe onto the silanized ITO electrode is found to be 1.627 x 10°
% mol cm™. This electrochemical aptamer sensor exhibits detection limit of 10° cells/ml with response
time of 60 s for the target A549 cells. Aptamers show selectivity towards their target cells as the
electrochemical signal response for control KB cells is about 50% as compared to that of the target
cells. Thus aptamers can be utilized for the detection of the lung cancer cells. It should be interesting
to utilize conducting polymers and nanomaterials including nanostructured metal oxides etc *** to
obtain increased sensitivity of this aptasensor.
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Abstract-- This paper presents the comparative details of
biodiesel production process using low frequency ultrasound
energy (28.5 kHz) and conventional mechanical stirrer method.
For this purpose a non-edible oil Thumba (Citrullus colocyntis)
is used as the biodiesel feedstock. The experiments have been
performed for molar ratio (alcohol/oil) 6:1 and 4.5:1, with three
different catalyst percentages (0.5%, 0.75% and 1%) of
Potassium Hydroxide. The present study concludes that
biodiesel production through ultrasound energy seem to be a
relatively simple, efficient, time saving, eco-friendly and
industrially viable process.

Key words-- Biodiesel; Ultrasound energy; Transesterification,
Non-edible oils;

1. INTRODUCTION

Presently majority of the world’s energy needs are supplied
through petrochemical sources, coal and natural gases, all
these sources are finite and at current usage rates will be
consumed shortly [1]. Also, petroleum fuels are currently the
dominant global source of CO, emissions and their
combustion is posing a severe threat to the clean
environment. This has stimulated the recent interest in
alternative sources for petroleum-based fuels [2]. Vegetable
oils are good alternative source in Indian context because of
its agriculture based economy. Keeping in its vast demand of
edible oils, biodiesel production through only non-edible oil
is feasible in India.

Vegetable oils have good heating power and provide exhaust
gas with negligible sulphur and aromatic polycyclic
compounds. It possesses high biodegradability and
lubricating property which makes it even better fuel. As
vegetable oils are produced from plants, their burning is
completely recyclable as it produces carbon dioxide (CO,),
which is consumed by the plants in photosynthesis [3].
Vegetable oils can be directly used as fuels for diesel engines,
but their viscosities are much higher (10 to 20 times) than
usual diesel fuel and require modifications in the engines [4].
The glycerides present in the oils restrict its use in the I.C.
engines but it can can also be separated in the
transesterification reaction and used as a by-product [5]. Bio-
diesel production is a very modern and technological area for
researchers because of its relevance due to increase in the
petroleum price and the environmental advantages [6].

Biodiesel can be produced by various conventional methods
such as: alkali catalysis, acid catalysis, lipase catalysis etc.

Non-edible oil and alcohols are immiscible, so that their
reaction takes place at the interface in a very slow process.
Considering these limitations, there is a strong quest to
develop an efficient, time-saving, economically functional
and environmental friendly biodiesel production process at
industrial scale having superiority over the classical
procedure. Keeping this aspect into consideration, some of
the recently developed biodiesel production technologies are
supercritical methanol processes, hydrodynamic cavitation
and power ultrasound.

Among recently developed techniques, hydrodynamic
cavitation is a potential method for biodiesel production at
industrial scale due to its easy scale-up property [7]. In the
last decade due to its unique chemical and physical effects
that arise from the collapse of the cavitation bubbles.
Ultrasound mixing efficiency was stated as one of the most
important  factors  affecting the yield of the
transesterification[8]. Thus using ultrasounds the problems of
efficient mixing could be overcome. During the collapse of
cavitational bubbles of methanol supersonic jets are created
generating nano sized drops that are efficiently mixed thus
abundantly enhancing the reaction surface.  Biodiesel
production from canola oil with methanol was performed by
Thanh et al. [10] in the presence of a base-catalyst by a
circulation process at room temperature.

In India mainly Jatropha is identified as the potential
feedstock for biodiesel production. The Citrullus colocyntis
(Thumba) oil is also a non-edible vegetable oil which can be
a potential alternative fuel for CI engines. Present study
explores its possibility for use as fuel oil. It is a native of
Turkey and found in Asia and Africa. In India it mainly
grows in rain fed parts of Rajasthan and Gujarat states. The
plant is in the form of creeper and grows well in sandy soil.
The plant has annular and rough stems, rough leaves which
are 3 to 7 lobed, 5-10 cm long in middle. The multifold
objectives of the present research study is the production of
biodiesel from Thumba using alkaline catalysis by ultrasound
assisted transesterification, and compare the completion,
product quality and time of the reaction with the conventional
procedure.
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II. EXPERIMENTAL WORK
2.1 Test rig for ultrasound cavitation technique

The transesterification reactions were carried out in a horn
type ultrasound reactor (shown in Figure 1) in which horn is
attached with the transducer which produces ultrasound
irradiation in the mixture. This type of configuration is
suitable for laboratory-scale characterization/ feasible
experiments, because intense but local cavitation is
generated. The horn operates at a frequency of 28.5 kHz with
a rated power dissipation of 50W and time limit is ranging
between 3 min to 30 min. The submerged irradiating surface
area of the horn is 25 cm’ The operating intensity of
irradiation is (defined as power dissipated per unit area of the
horn) 2 W/cm?®. The transesterification reaction is carried out
by ultrasound irradiation from the acoustic rod horn
incorporated with the transducer. Conventional mechanical
transesterification was conducted in reactor equipped with a
100 ml glass vessel and magnetic stirrer.

2.2 Fuel properties

The important chemical and physical properties of Thumba
biodiesel were determined and compared with diesel in Table
1. Kinematic viscosity of Thumba biodiesel is slightly higher
than diesel. Flash point of Thumba biodiesel is significantly
higher as compared to petroleum diesel. Therefore, based on
the property data, the Thumba biodiesel is considered to be
suitable for blending and can be used in CI engines.

III. RESULTS AND DISCUSSION

As shown in Table 2, for prescribed non-edible oil,
transesterification reaction is performed for molar ratios 6:1
and 4.5:1 respectively. Further for each molar ratio, catalyst
quantity has been taken as 0.5%, 0.75% and 1.0% (by weight
of oil) respectively. Methyl alcohol and potassium hydroxide
are mixed and stirred till potassium hydroxide is dissolved in
alcohol. The ultrasound horn is dipped into the prepared
liquid mixture. During the reaction the generation,
subsequent growth and collapse of bubble cavities result in
very high irradiation densities. The temperature of mixture is
kept between 50-60 °C.

Tables 3 and 4 represent the data for biodiesel production
time and yield (%) using conventional mechanical stirring
and ultrasound energy respectively for parameters such as
molar ratio and catalyst percentage. Further graphical
comparisons are given in Figure 2. For mechanical stirring
method, yield (%) varies as 79 to 90%, whereas for
ultrasound method yield (%) values are 81 to 95%
respectively. From the experimental data it is clear that there
is a significant reduction in time for biodiesel production and
an increase in yield (%) in ultrasound technique as compared
to mechanical stirring method. It can be concluded from
Table 4 that ultrasound cavitation can be successfully applied
to transesterification reactions with more than 90% yield of
the product and significant reduction in time for molar ratio
4.5:1 and minimum catalyst percentage of 0.5. Therefore, the
ultrasound energy technique appears to be a rapid and
effective technique compared to the conventional approach,
for preparing alkyl esters from triglycerides at laboratory
scale of operation.

Irrespective of the molar ratio the percentage of yield is
higher in the ultrasound energy method for all the
observations of catalyst percentage. Another signifiacant
result is that even at 0.5% catalyst and molar ratio 4.5:1, the
yield quantity is above 90%. Therefore, the requirement of
catalyst as well as excess alchohol is significantly reduced. It
can be seen that using ultrasound method reaction time is
almost half compare to conventional method which is
beneficial for industrial point of view. The effect of molar
ratio is trivial on the yield percentage. For a given molar
ratio, the yield initially increases and then decreases with
incresase in catalyst percentage( varied from 0.5% to .75%
and then 1% . The yield data for ultrasound method is 2 to 5
% higher as compared to conventional mechanical stirring
method.

On/Off Indicator—

. @_— Push Start Button

Time setter .
(3-30min) ~
) @ | @— Frequency Vanahon Button (0-28 kHz)
A.C.Supply—, «—— 4 Transducer Hom
\ | |e—f——— Beaker

et — 1 Reaction of mixture

j«——— Supportng Tray

(shding motion)

Figure 1: Schematic diagram of ultrasonic horn type reactor
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Table 1: Comparison of biodiesel properties with diesel

Property Unit Limit Diesel
I;:’f;fggl from ASTM D 975

Appearance clear ---- ---- clear

Color Brownish - - -

Density at 15°C | 890 kg/m’ 860-900 830

Kinematic % %

viscosity at 40 oc Ip— - 3.5-5x 10 (2.5-6 )x 10

Flash point >66 °c Min 100 51

Sulphur contents | <100 ppm Max 350 500

Water content 0.05 w/w% 0.02-0.05 0.005

Calorific Value 38.24 MJ/kg - 42.0

Table 2: Quantities of non-edible oil, alcohol and catalyst

Molar ratio Quantity of non- | Quantity of Catalyst (KOH)
(alcohol/oil) edible oil (g) | methanol (g) 5% 075% 0%
6:1 100 g 22 ¢ 05¢g 075¢g lg
4.5:1 100 g 16.56 g 05¢g 075 ¢ lg

Table 3: Conventional mechanical stirring/ Ultrasonic horn method (molar ratio 4.5:1)

KOH | Yield obtained in %- Ultrasonic horn Yield obtained in %- mechanical stirring
used 20min| 30 min 40 min| | 30 min 45 min 60 min

0.5% | 81 85 85.60 68 71.26 84.62

0.75% 86.42 89.48 92 77.41 77.44 87.2

1% | 84.88 86.10 90.22 76.06 76.74 84.32

Table 4: Conventional mechanical stirring/ Ultrasonic horn method (molar ratio 6:1)

KOH | Yield obtained in %- Ultrasonic horn Yield obtained in % - mechanical stirring
used
20min 30 min 40 min 30 min 45 min 60 min
0.5%
0.75%4 3772 %0 % 76.4 82.22 90.90
o 89.36 92 95.82

1% | gesg 98 74 90.60 89 90.1 93.42

: : ' 84.6 87.24 90.04
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Figure 2: Comparisons for the Thumba biodiesel % yield from different methods and molar ratios

IV. CONCLUSIONS

The present study demonstrates that the reaction time for
methyl ester formation using non-edible oils is significantly
shorter for ultrasound cavitation method as compare to
conventional mechanical stirring method. The percentage
yield obtained using ultrasound method is relatively higher.
Thus low frequency ultrasound is an efficient, time saving
and economically functional, offering a lot of advantages
over the classical methods. The engine performance test
shows that opacity reduces whereas brake power and brake
thermal thermal efficiency improves significantly for
blending of B-30 which encourages the possibility of further
investigations using higher blending.
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Abstract. Urease (Urs) and glutamate dehydrogenase (GLDH) have been co-immobilized onto
a nanostructured—cerium oxide (Nano-Ge@m deposited onto a indium-tin-oxide (ITO)
coated glass substrate by dip-coating via sol-gel process for urea detection. This nanostructured
film has characterized using X-ray diffraction (XRD), Fourier transform infrared (FTIR),
Scanning electron microscope (SEM) and electrochemical techniques, respectively. The
particle size of the Nano—Ce@Im has been found to be 23 nm. Electrochemcial response
(CV) studies show that Ur-GLDH/Nano-Cg O bioelectrode is found to be sensitive in the
10-80 mg/dL urea concentration range and can detect urea concentration upto 0.1 mg/dL level.
The value of Michaelis—Menten constait,f estimated using Lineweaver—Burke plot found

as 6.09 mg/dL indicates enhancement in the affinity and/or activity of enzyme attached to their
nanobiocomposite. This bioelectrode retained 95% of enzyme activity after 6 morfiis at 4

1. Introduction

Novel analytical devices based on nanostructured metal oxides are known to be cost-effective and
highly sensitive due to the large surface-to-volume ratio, show excellent selectivity and their optical
and electrical properties arising from electron and phonon confinement. These nanostructured
materials can be used as sensing biomolecules[1-18]. Besides these nanostructured metal oxides have
unique properties such as non-toxicity, biocompatiblity, high chemical and thermal stability, high
isoelectric point (IEP ~9.2) and negligible swelling in both aqueous and non-aqueous solvents[1-6]. A
large number of nanomaterials such as carbon nanotubes[7], conducting polymers[8], grapheme[9],
nanowires[10], zinc oxide nanoparticles and chitosan composite[11] film and nanoporous materials
have been used for fabrication of various biosensors. Many nanostructured metal oxide such as
zirconium oxide (Zr@), tin oxide (Sn@), cerium oxide (Ceg and zinc oxide (ZnO) have been
utilized for immobilization of proteins, enzymes and antigens for accelerated electron transfer between
active sites of protein and electrode[12-13]. On the other hand, BmOTiQ having low IEP values

are suitable for the immobilization of high IEP proteins.

* To whom any correspondence should be addressed.

Published under licence by IOP Publishing Ltd
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Recent times have been significant advances towards the production of nanocrystalline metal
oxides using a variety of physical and chemical processes, such as sputtering, sol—gel, hydrothermal,
spray pyrolysis etc. Among the various methods sol-gel technique has been considered as very
attractive for the preparation of metal oxide particles due to easy preparation under ambient conditions,
tunable porosity, high thermal stability, chemical inertness and negligible swelling in aqueous and
non-aqueous solutions[14-15]. Besides this, due to inherent low temperature process, the sol-gel
technology provides an attractive method for the immobilization of heat-sensitive biomolecules such
as enzymes, proteins and antibodies[16]. The positively charged sol—gel cerium oxide not only
provides a friendly environment for the enzyme to retain its activity but also encapsulate the
negatively charged electron transfer mediator within the sol-gel film via electrostatic interaction[17].
The sensitivity and stability of the biosensors can perhaps be improved by controlling charge, porosity
and electronical conductivity of a given sol-gel film. These attractive features have led to an increased
research towards developing the electrochemical sensors and biosensors[18].

The estimation of urea is of clinical interest since decreased urea concentration (normal range is
15-40 mg/dl) causes hepatic failure, nephritic syndrome and cachexia and increased urea level in
blood and urine causes renal failure, urinary tract obstruction, dehydration, shock, burns and
gastrointestinal bleeding[19-21]. Therefore, development of rapid, cheap and reliable methods for urea
determination is important. Among the numerous analytical methods reported in literature, enzymatic
methods offer an improvement in terms of specificity, response time, miniature size, reproducibility
and selectivity. Saha et. al. fabricated cerium oxide @re@m deposited onto platinum (Pt)
electrode using pulsed laser deposition (PLD) has been utilized for immobilization of glucose oxidase
(GOx)[22]. Fenget. al. have prepared a nanoporous @efliitosan composite matrix for the
immobilization of single-stranded DNA probes for the detection of cancer genes[23]. Khan et. al.
ZnO-chitosan nanocomposite has recently been used for application to urea and cholesterol
biosensors[11].

We have used a facile sol-gel chemical route togmeplano-Ce@film onto indium-tin-oxide
glass substrate (ITO) to immobilize a mixture of ureas and GLDH enzymes for application to urea
detection using electrochemical spectroscopy technique.

2. Experimental procedure

2.1.Chemicals and reagents

Urease (Urs), glutamate dehydrogenase (GLDH), nicotinamide adenine dinucleotide (NAd@td)
glutarate §-KG), NaHPQ, and NaHPQO, were procured from Sigma Aldrich (USA). Ammonium
ceric nitrate, urea, NaCl, NBH and HNQ reagents were procured from Merck India Ltd, Mumbai,
India. All these chemicals were of analytical grade and used without further purification. Indium-tin-
oxide (ITO) coated glass plates were obtained from Balzers, UK. The deionized water obtained from
Millipore water purification system (Milli Q 10 TS) was used for preparation of solutions and buffers.

2.2.Fabrication of sol-gel derived nano-structured Gdilin/electrode

1 gmof ceric ammonium nitrate [(NHJECe(NQy)¢] was dissolved in deionised water (20 ml). Then 5

ml (1 M) solution of ammonium hydroxide (NBH) was added drop wise in this solution with
constant stirring for 4 h at 2% to maintain pH 10. A pale yellow precipitate of Ce(Q#)us
obtained was washed several times with deionized water until a neutral pH was dthieved
Subsequently, dilute HN{Q1M) was added to the precipitate at®@0to obtain a solution of pH 1. A
transparent yellow solution thus obtained was further concentrated by heating. The resulting sol was
used to fabricate thin film on ITO coated glass plate via dip coating technique and was allowed to dry
at 500°C.

2.3.Electrode modification and immobilization Urease-GLDH
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10 pL of 1:1 molar mixture of urease and GLDH (1.0 mg/mL, in PBS, 50 mM, pH 7.0) was
immobilized onto sol-gel derived Nano-Cgé€lectrode by physisorption method. The biochemical
reaction using mixed enzyme system is shown in Eqg.1l. Prior to being used, Urs-GLDH/Nano-
CeQ/ITO bioelectrode was allowed to dry overnight under desiccated conditions and then washed
with phosphate buffer saline (PBS, 50 mM, pH 7.0, 0.9 % NacCl) to remove any unabsorbed enzymes
(Urs-GLDH) and stored in a desiccator at@%vhen not in use.

Urea _urease | 2NH," + HCOy (Eq. 1)
2NH," + a- ketoglutarate + NADH__GLDH, ~ 2- Glutamate+NAD (Eq. 2)
NADH — 5  NAD+26 (Eq. 3)

2.4.Characterization of sol-gel derived Nano-GADO electrode and Urs-GLDH/Nano-Ce@TO
bioelectrode

X-ray diffraction (XRD, Cu Ka radiation (Rigaku)) study was performed to identify the crystal
structure of sol-gel derived Nano-Cefim. Scanning electron microscopy (SEM, LEO-440) studies
were conducted to examine the surface morphology. FTIR spectra of sol-gel derived NaffiitrnseO

were recorded using FTIR (Perkin-Elmer) spectrophotometer to investigate binding of ureas enzyme
onto sol-gel derived Nano-CefO film. Electrochemical measurements were conducted on an
Autolab Potentiostat/Galvanostat (Eco Chemie, Netherlands) using a three-electrode cell containing
ITO act as a working electrode, #gCl as reference electrode and platinum (Pt) wire serve as a
counter electrode in phosphate buffer saline (PBS, 50 mM, pH 7.0, 0.9% NacCl) containing 5 mM
[Fe(CNY]*".

3. Results and discussion

3.1.Characterization of nano- Ce@Im

The XRD diffraction pattern (Figure 1) shows a crystallographic phase present in the sol-gel derived
CeQ film deposited on the glass substrate via dip-coating technique. A high degree of preferential
orientation is evident, giving rise to spectra resembling a single crystal diffraction pattern. XRD
pattern of the deposited film reveals all reflection planes of,Cef®responding to the (111), (200),

(220) and (311) crystallographic plane cubic fluorite structure (space group Fm3m (225)) as identified
using the standard data JCPDS Card No. 34-0394. The intensities and positions of the peaks are in
perfect agreement with the literature values. No peak of any other phase is detected indicating the high
purity of the material. The broadening of the reflections in the diffractogram distinctly indicates the
formation of nano-dimensional crystals. The average crystallite size of Gaparticles was
estimated by analysis of the broadening of (111) and (220) reflections via Scherrer formula found to
be 10-15 nm.

3.2.Characterization of nano- Ce@Im

The infrared absorption spectra of Nano-@¢&D (a) and Urs-GLDH/Nano-CefdTO (b) shows the
characteristic absorption bands of the deposited films (Figure 2). A diffused band at 34&ddctwo

weak bands at 1414 and 1010 greorresponding to the stretching and bending vibrations of the
hydroxyl (O—H) groups, respectively, are observed. The appearance of these bands suggests the
adsorption of moisture on the surface of nanostructured film. The FTIR spectrum shows a sharp and
intense band at around 426 tmssigned to the Ce-O stretching band and indicates the deposition of
CeQ film on the ITO surface. These observed bands are shifted and some new bands are appearing at
1740, 1380 and 1050 chrorresponding to the stretching and bending vibrations of the amide, the
functional groups. This indicates that the Urs-GLDH mixed enzymes solution has been successfully
immobilized on the Nano-CeQnatrix. A sharp band at 450 ¢nis observed due to the electrostatic
interaction and hydrogen bonding of the Nano-g£efth the enzymes (Urs-GLDH).
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Figure1l. XRD pattern of sol-gel derived Figure 2. FTIR spectra of (a) sol-gel derived
CeQ film Nano-CeQ@ITO electrode and (b) Urs-

GLDH/Nano-CeQITO bioelectrode

3.3.Scanning electron microscopy studies

Figure 3 shows results of the SEM studies carried out on Nang@iT&Ofilm and of Urs-
GLDH/Nano-CeQ@ITO bioelectrode, respectively. The SEM micrograph shows that the film surface

is free of cracks, uniform in thickness porous in nature and composed of very small fine grains that are
homogenously distributed (image 3a). The adsorption or immobilization of urease enzyme onto the
surface of sol-gel derived Nano-C£DO electrode is dependent on the morphology of the substrate.

It can be seen that after immobilization of Urs-GLDH onto NanoI€O electrode, displays flower

like structure with high porosity, inter-connectivity and significant free volume favoring the effective
immobilization of a large number of enzymes (image 3b).

3.4.Rlectrochemical impedance spectroscopy

EIS measurements carried out on Nano-£dQ electrode and Urs-GLDH/Nano—-CgO
bioelectrode at frequency range 0.0-5%®0lt is an effective and powerful tool for characterizing the
interfacial features of surface-modified electrodes. The modified electrode impedance can be
presented as the sum of the rea),(@nd imaginary (-2 components that originate mainly from the
resistance and capacitance of the cell, respectively. The general electronic equivalent circuit (Randles
and Ershler model), includes the ohmic resistance of the electrolyte solutionth@® Warburg
impedance (D), resulting from the diffusion of ions from the bulk electrolyte to the electrode interface.
The double layer capacitance y4fCand charge-transfer resistance(Rxists, if a redox probe is
present in the electrolyte solution, whergdRd D denote bulk properties of the electrolyte solution
and diffusion features of the redox probe in solution, respectively. The other two compapents C

R« depend on the dielectric and insulating features at the electrode/electrolyte interface. Figure 4
shows the Faradaic impedance spectra, presented as Nyquist plots obtained frafi) reatl (
imaginary (Z”) of blank ITO (curve a), Nano-Cefr'O electrode (curve b) and Urs-GLDH/Nano-
CeQ/ITO (curve c) bioelectrode. The values Rf; derived from the diameter of semicircle of
impedance spectra are obtained as 23dt blank ITO electrode (curve a), 2.7@ Kcurve b) for the
Nano-CeQ@ITO electrode and 2.92¢k for Urs-GLDH/Nano—-Ce@ITO bioelectrode, respectively.

The increase of (2.92 Q) value and the shift of semicircle to higher frequency after deposition of
the Nano—-Ce@layer on the ITO electrode is attributed to the low electrical conductivity of the Nano—
CeQ, particles that provides slow electron transfer between Nang-ga@cles and electrode. This
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result suggests that solution resistancg (& slightly increased, but interfacial impedance (double
layer capacitance,{and the charge transfer resistancg), iR greatly increased after the deposition of
Nano-CeQ film on the ITO electrode surface. It is observed that after the immobilization of mixed
Urs-GLDH enzyme on the matrix theRvalue is increases dramatically due to insulating
characteristics of the mixed Urs-GLDH enzyme molecules. It reveals that Warburg impedance (D),
which represents the mass transfer, is enhanced after the immobilization of these enzymes (Urs-
GLDH) on the Nano-CefiTO electrode surface, implying that enzyme molecules are indeed
absorbed on Nano—-Cer O surfaces and induce impedance effects on the interface of the electrode
surface. The double-layer capacitancg)(iS decreased, indicating that a higher enzyme (Urs-GLDH)
concentration enhances the adsorption of enzyme on the NangHCTe@odified electrode.

- » L
o LS Ly §
0 KV WD= 12 mn Mag= 1.00 K X EMS, NPL EHT=15.00 kV W= 12 mn Mag= 5.80 K X EMS, NPL
Detector= SE1 Photo No.=8685 2um —( NEW DELHI i Detector= SE1 Photo No.=8686 1pn '—( NEW DELHI

Figure 3. SEM micrographs of (a) sol-gel derived Nano-Gef@ctrode and (b) Urs-GLDH/Nano-
CeO,/ITO bioelectrod

3.5.Rlectrochemical impedance spectroscopy

The changes of electrode behavior after surface modification with enzymes (Urs and GLDH) were
studied by cyclic voltammetry (CV) in the presence of ferricyanide mediator. When the electrode
surface is modified by the biocatalytic material, the change in the electron transfer kinetics of
[Fe(CN)]*"* gives indication of the enzyme attachment. Figush@ws the cyclic voltammograms of

blank ITO (a), Nano-Ce®TO (b) and Urs-GLDH/Nano-CefDITO bioelectrode (c) at a scan rate of

50 mVs'. As shown in Figure 5 well-defined redox couple of [Fe(@\y is observed on the bare

ITO electrode (curve a). When the Nano—@€&lD electrode layer is deposited on the ITO electrode,

the peak current gradually decreases (curve b). The decrease in the peak potential after deposition of
Nano-CeQ may be attributed to the hindrance of the electrons flow as a result of reduction in
electrical conductivity of the nanostructured Nano—&8@ electrode. Further, redox current of Urs-
GLDH/Nano—CeQ@ITO bioelectrode is found to decrease due to insulating characteristics of Urs-
GLDH indicating slow down of redox process during the biochemical reaction. The reason is that an
insulating layer of non-conducting enzyme had been assembled on electrode surface, which act as a
electron transfer barrier.

Figure 6 demonstrates typical CV of Urs-GLDH/Nano-@&® bioelectrode with scan rate
varying from 10 to 100 mVs. With increase in the scan rate, there is increase in both the cathodic and
anodic peak current accompanied with small shift and increased peak-to-peak separation. The cathodic
and anodic peak currents increase linearly with scan rate varying from 10 to T60naNtsating a
surface controlled electrode proce3dis reveals that the electron transfer between enzyme and
electrode could be easily performed and it was a surface confined electrochemical process.
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Figure 4. Electrochemical Impedance spectroscopy of (a) bare ITO electrode (b) sol-gel derived
Nano-CeQITO electrode and(c) Urs-GLDH/Nano- C#00O bioelectrode in PBS solution (50
mM, pH 7.0, 0.9% NaCl) containing 5 mM [Fe(GN)"*"

3.6.Rlectrochemical impedance spectroscopy
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Figure 5. Cyclic voltammogram of (a) bare ITO
electrode (b) sol-gel derived Nano-GADO
electrode and(c) Urs-GLDH/Nano- CgOO

bioelectrode in PBS solution (50 mM, pH 7.¢ containing 5 mM [Fe(CN)

0.9% NaCl) containing 5 mM [Fe(CNj™*
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Figure 6. CV of Urs-GLDH/Nano-Ce@ITO
bioelectrode as a function of scan rate (10-100

mV/s') in ascending order in PBS solution
3-/4

Figure 7 (inset) illustrate the CV response studies of the Urs-GLDH/NangiT@ioelectrode in
PBS solution {pH 7, 0.9%NaCl, containing 5mM [Fe(GR}*} in the presence of 3QL of
nicotinamide adenine dinucleotide (NADH, 3.7 mg/dL) anduZ®of a-Keto glutamate-KG, 47.5
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mg/dL) and a successive addition of urea at an applied 50 mV/s scan rate. The peak current rises
sharply with increased concentration of urea, with the maximum response approach at the
concentration of 80 mg/dL. This increase in electrochemical current response can be attributed to pH
sensitive behavior of the Ur-GLDH/Nano-C£O bioelectrode. The sensor achieves 95% of the
steady-state current in less than 5s indicating fast electron exchange between the Urs-GLDH and
Nano-CeQ@ITO electrode. Figure 7 shows the amperometric current of the fabricated biosensor
increases linearly within the concentration range 10-80 mg/dL, with increasing urea concentration the
correlation coefficientR) as 0.991 indicating good electro-catalytic behavior of Urs-GLDH/Nano—
CeQ/ITO bioelectrode. The sensitivity of the Urs-GLDH/Nano—@&D bioelectrode calculated

from the slope of curve was found to be 0.84mg/dL and low detection limit 0.1 mg/dL.

The value of K, which is a reflection of enzymatic affinity, was found to be 6.09 mg/dL. The
lower K, value with respect to glutaraldehyde-cross-linked urease-albumin gel (6.5 mM) and TMOS-
based sol-gel (4.95 mM) indicates easier diffusion of substrate and product molecules into and out of
the Nano—Ce®film and the feasible configuration of the enzyme in the nanomaterial mtexhigh
affinity of Urs-GLDH to urea can be attributed to Nano—Ge@anoparticles because of its
biocompatibility, large surface area, and high electron communication capability. The value of
ionization electron potential (IEP) of Ce@nd urease are known to be 9.0 and 5.3, respectively.
Therefore, the Nano—Ce@natrix is positively charged in contrast to the enzymes that are negatively
charged. Thus, immobilization of Urs-GLDH on the Nano—Ce@noparticles matrix is highly
favored via electrostatic interaction.

3.7.Effect of pH onto Urs-GLDH/nano-CelrO biosensor

The influence of pH of buffer on the response of the biosensor studied over the range 6.0-8.0 indicates
that the current response increases with increase of pH of the substrate solution up to 7.0, after which
it decreases. In view of the prime pH of the enzyme, the neutral pH was selected throughout this work
(Figure 8).
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Regression =0.991 / 1.0x10" A
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Figure 7. The calibration plot between current Figure 8. Effect of pH on Urs-GLDH/
response and different concentration of urea in the Nano-CeQ@ITO bioelectrode using
range (10-80 mg/dl)in PBS solution containing 5 Cv

mM [Fe(CN)]*""; inset shows the CV response of

Urs-GLDH/Nano-Ce@ITO bioelectrode as a

function of urea concentration
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4. Conclusions

Nanostructured CeQilm was prepared by sol gel technique and used to co-immobilization of Urs and
GLDH enzymes via physical adsorption for urea detection. This biosensor exhibits excellent
performance characteristics, such as sensitivity (AGApg/dL) and reproducibility, wide linear range
(10-80 mg/dL), low detection limit (0.10 mM), and long-term stability of about 6 months. A relatively
low value of the Michaelis—Menten constant obtained as 6.09 mg/dL indicates enhanced enzyme
affinity of Urs to urea. The wide range of detection and high sensitivity may be assigned to
amplification of the magnitude of current due to the alignment of Nano-Gaiparticles to the
matrix. Efforts should be made to use this electrode for the detection of urea in blood serum.
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1. Introduction

Let .o/ be the class of analytic functions defined on the open uritldlis= {zc C: |7] < 1}
and normalized by the conditiorf§0) = 0 andf’(0) = 1. A functionf € ./ has Taylor’s
series expansion of the form

(1.1) f(z) =z+ i anZ'.
n=2

An analytic function isunivalentin a domairD C C if it is one-to-one inD. The class of all
univalent functions in the open unit dikof the form (1.1) is denoted hy”. Determination

of the bounds for the coefficiengs is an important problem in geometric function theory
as they give information about the geometric propertieegé functions. For example,
the bound for the second coefficiemt of functions in.# gives the growth and distortion
bounds as well as covering theorems. Some coefficient defateblems were investigated
recentlyin[1,3,8,9,15,17].

Since univalent functions are one-to-one, they are irblerand the inverse functions
need not be defined on the entire unit didk However, the famous Koebe one-quarter
theorem ensures that the image of the unit diskinder every functiorf € . contains
a disk of radius 14. Thus, the inverse of every functidne . is defined on some disk
containing the diskz] < 1/4. It can also be easily verified that

(1.2) f~1(w) = w—ayw? + (283 — ag)w* — (585 — 5apag + ag)W* + - --

in some disk of radius at least 1/4. The functioa <7 is bi-univalentin D if both f andf 1
are univalentirD. In 1967, Lewin [14] introduced the classof bi-univalent analytic func-
tions and showed that the second coefficient of every satisfy the inequalityay| < 1.51.
Let o1 be the class of all functions= ¢@o ¢y~ where, y mapD onto domain containing
D and¢'(0) = ¢'(0). In 1969, Suffridge [22] gave a function iy C o satisfyinga, = 4/3
and conjectured thaa,| < 4/3 for all functions ino. Netanyahu [16] in 1969 proved this
conjecture for the subclass of. Later in 1981, Styer and Wright [21] disproved the con-
jecture of Suffridge [22] by showing, > 4/3 for some function iro. See [4] also for an

1
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example to show # g;. For results on bi-univalent polynomial, see [13,18]. Brafb] in
1967 conjectured thaay| < /2 for f € 0. Kedzierawski [12, Theorem 2] in 1985 proved
this conjecture for a special case when the funcfiand f ~! are starlike functions. The
best known bounth,| < 1.485 is proved by Tan [23]. For some open problems and survey,
see [11,19].

For 0< a < 1, a functionf € o is in the class¥;(a) of bi-starlike function of order
a, or #z(a) of bi-convex function of ordes if both f and f~! are respectively starlike
or convex functions of ordem. For O< a < 1, the functionf € o is strongly bi-starlike
function of ordem if both the functions andf—1 are strongly starlike functions of ordet
The class of all such functions is denoted y .. These classes were introduced by Branan
and Taha [7] in 1985 (see also [6]). They obtained estimatethe initial coefficientsa,
andag for functions in these classes. Recently, édlial. [2] extended the results of Branan
and Taha [7] by generalizing their classes using suborndimatFor some related results
for special cases, see [10, 20, 24]. Recall that an analytiction f is subordinateto an
analytic functiong, written f < g, if there is an analytic functiow with |w(z)| < |z such
thatf = gow. If gis univalent, therf < gif and only if f(0) = g(0) andf (D) C g(ID). For
the various applications of subordination one can refet {8,[9, 15,17] and the references
cited therein.

Throughout this paper, we assume tthas an analytic univalent function with positive
real part inD, ¢ (D) is symmetric with respect to the real axis and starlike wépect to
¢(0) =1, and¢’(0) > 0. The Taylor’s series expansion of such function is of threnfo

(1.3) ¢(2) = 1+Byz+ByZ +B3Z +--- with By > 0.
With this assumption oy, we now introduce a class of functions investigated in thgepa

Definition 1.1. LetA > 0. A function fe o given by (1.1) is in the clas%s(A,¢), if it
satisfies

(1—)\)LZZ)+)\ f'(z2) < ¢(z) and (1—)\)$+)\F/(W) <¢(w), (F=f1).

The classZs(A, ¢) includes many earlier classes, which are mentioned below:

1) Zs(A,(1+(1-2B)2)/(1—2) = Zs(A,B) (A >1;0< B <1)[10, Definition
3.1]

(2) Z5(A,(142)/(1-2)%) =Z5a(A) (A >1; 0< a <1)[10, Definition 2.1]

() Za(1,¢) = Za(9) [2, p. 345].

4) Z%Zs(1,(1+(1—-2B)2)/(1—2))=Zs(B) (0< B <1)[20, Definition 2]

(5) Z5(1,((1+2)/(1—-2)%) = Zs.a (0< a <1)][20, Definition 1]

Motivated by Aliet al.[2], we investigate the estimates for the initial coeffitgap and
ag of bi-univalent functions belonging to the clags; (A, ¢) introduced above as well as to
the classes”? (¢) andN§7y(¢) defined later. We also obtain an estimategipfor functions
belongs toZ4(A,¢). Our results generalize several well-known results in (220] and
these are pointed out.

2. Coefficient estimates

Our first result provides estimates for the coefficiemtsaz anday for functions belonging
to the class#Zs(A,¢).
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Theorem 2.1.If f € Z5(A, ), then

(2.1) 20 < BuvBy ,
V1(@+22)B2 + (1+A)2(B1 - By)
B2 B
. < 1
(2:2) Bl< Tzt T
and
(2.3) 2 < 3Bl+2’82|+|53|'

1+3A
Proof. Sincef € Zs(A, ), there exists two analytic functionss: D — D, with r(0) =
0=g(0), such that

w)

(2.4) (1—A)L;)+Af/(z):¢(())and(l A) \(/v +AF (W) = ¢(5(2)).

Define the functionp andq by

(2.5)
_1+r(2

p(Z) - 1 _ r(z)

or equivalently,

(2-6)r(2)=p(z)_lzl<p12+<pz—%%)zz+<ps+%(&—p) p1p2>z3+ >

2 _ 1+ thz+ Q7 + a2+,

1
=1+ p1z+ P22+ psZ+--- andq(2) = s

p@)+1 2 2
and
_ 2 2
(2.7) s(z) = gggﬁ = % <Q1Z+ (m—%)zﬂ (qs+q—21(%—q2)—q1—;2)z3+--->.

It is clear thatp andq are analytic inD and p(0) = 1 = g(0). Also p andq have positive
real part inD, and hencép;| < 2 and|qi| < 2. In the view of (2.4), (2.6) and (2.7), clearly
(2.8)

(1—)\)LZZ) Af(@)=¢ (Sg:) and (1—/\)$+AF’(W) — ¢ (gmj) .

Using (2.6) and (2.7) together with (1.3), it is evident that

(2.9) ¢( Engi) 1+1|31D12+ (%Bl(pz—lpf)ﬂL}sz%)ZZ
02
(31 2p3+p1 ——Dz) p1p2>+2—pl(p —%)ﬂLSTpl)Z?”r'“
and
(2.10) ¢ (gm;i) = 1+%qu1w+ (%Bl(QZ— }qi) + }qui) w?

B qf Boq q 30
+ ?1<ZQ3+Q1(§1—QZ)—Q1Q2>+—1(Q _?1)+T1>W3+m'
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Sincef € o has the Maclaurin series given by (1.1), a computation shbeaisits inverse
F = f~1 has the expansion given by (1.2). It follows from (2.8), j28d (2.10) that

1
(2.11) (1+2)a2 = 5Bupy,
1 1 1
(2.12) (1+2A)a3:éBl<p2—§p%)+Zsz%,
(2.13) (1+30)a= 2% (2ps+ (pﬁ_ )_ L Bepy (PP Bspi
: =5 P3+ P1 > P2 ) — P1P2 > P2 5 g
1
(214) — (1—}—/\)&2 = Equl,
2 1 1, 1_ 5
(2.15) (1+2A)(Zaz—as):§|31 G2 — 5% | + ;Betn
and

2 Bl q%
—(143X)(5a5 — 5agaz + a4) = ) ZQ3+O|1<5 —Q2) — (02

(2.16)
B 2 B 3
201 (CIz— ﬁ) it

+2 2 8

From (2.11) and (2.14), it follows that

(2.17) p1=—01
and
(2.18) g1+ 21)2a2 = BY(p? + ¢P).

Now (2.12), (2.15) and (2.18) yield

(P24 q)B3
4](1421)B2+ (1+A)2(B1 — By)]’
Thus the desired estimate ¢gp| as asserted in (2.1), follows at once using the fact that
P2 < 2 and|o| < 2.
By subtracting (2.12) from (2.15) and a computation usinggpand (2.11) finally lead

(2.19) a5 =

to
_ Bip? (2 — p2)B1
ag = + )
41+X)2  4(1+2A)
which in turn yields the estimate given in (2.2).
By adding (2.13) and (2.16) and a computation using (2.18)dd0

B B B
(2:20) —5(1+3)) (@~ a0as) = — (Ps -+ ) —  (P1P2 — tad) + - (P1P2+ Guclo).
Now subtracting (2.16) from (2.13), will yield

B1

2 (—2p1p2 + 20102 + P3)

5(1+3A)(a3 — apag) +2(1+3A )as = B1(ps — 03) +
(2.21) B Bsp?
+ =5 (2p1pz + 20z — p) +
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Again the equations (2.20) and (2.21) lead to

Bsp3

B B
(2.22) A1+3))ag=Bips+ — (—4p1pa + P3) — — (2pap2 — P3) + 1

4 2
Now the equation (2.22) can be rewritten as

B 2
2(1+3X)ag=B1ps+ Zl (—2p1p2 + 2p1(% - pz))
(2.23) 0 Bap?
— _ M 23
sz1<p2 5 ) t—

Finally an application of the known result,

P
2
in (2.23), yields the desired estimate given by (2.3)dgr 1

2
pi|<2 and |p2 §2——|p;‘ <2

Remark 2.1. ForA =1, Theorem 2.1 reduces to a result of Atial.[2, Theorem 2.1].

For¢(z) = (1+C2/(1+Dz), -1 <D < C <1, Theorem 2.1 leads to the following
result:
Corollary 2.1. Let—1<D<C<1lIf f € Zs(A,(1+C2/(1+Dz)), then
< C-D
~ V/(A+22)(C-D)+(1+X1)Z1+D)’
(C-D)> C-D (C-D)(3+2|D|+D?
< :
AsAaZ 1ran 2N lads 113

ForC=1-28 with 0< 3 <1 andD = —1, Corollary 2.1 reduces to the following
result [10, Theorem 3.1], as well as it gives an estimatesigr

Example 2.1.Let0< 3 <landA > 0. If f € Z5(A,B), then

2(1-B) 41-B)*  21-B)
1124 a2z T arar o and s

ForA =1and¢(z) = (1+2)/(1—2z), Theorem 2.1 gives the following coefficient esti-
mates forf € %4 (0):

|az|

lag| <

12(1- B)

lap| < lag| <

2 5
lap| < \/;z 0.816, |ag| < 3~ 1.667 and|as| < 3.

Since the estimate day| for f € Z4(0) is improved over the conjectured estimég <
V2= 1.414forf € g, the functions inZ,(0) are not the candidate for the sharpness of the
estimate ino.

When¢(z) = ((1+2)/(1—2))%, 0< a <1in Theorem 2.1, we get the following corol-
lary. The estimates fos, andag is the same as [10, Theorem 2.1] while the estimate for
|ag| is new.

Corollary 2.2. LetO< a <landA >0.If f € Zs(A,a), then
2a
VA+FA)2+a(1+22 —A2)

lag| <
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4qa? N 2a and | |<4a(02+30{+5)
L+A2 1r2n’ W= "3n a8

Definition 2.1. LetA > 0. A function fe g is in the class#? (¢), if it satisfies

A-1 A-1
(@) f'(z2) < ¢(z) and ($> F'(w)<¢o(w) (F= f‘l).

lag| <

V4

Note that for a suitable choice af and¢, the class# (¢), reduces to the following
known classes:

(1) 21+ (1-2B)2)/(1-2)=5(B) (0<B<1).
@ #2((1+2/1-2)") =S54 (0<a<l).
() S5(1+(1-2B)7)/(1-2)=%c(B) (0<B<1).
@ Z(1+2/(1-2)") =%Z54 (0<a <)

Theorem 2.2.If f € .72 (¢), then

V/2B1B:
(2.24) ]a2| <
VI(A2+3) +2)B3 +2(2 +1)2(B1 — By)|
and

A24+3)1+2

Proof. Sincef € .72 (¢), there are analytic functiorss : D — I, with r(0) = s(0) = 0,
satisfying

A-1 A-1
ez ('2) r@-sc@and () Fow =)
Let p andq be defined as in (2.5), then it is clear from (2.26), (2.6) &d)(that

f\*"*,,, (p@-1 Fw\' ', o (4@ -1
(2.27) (T> f(Z)“”(p<z>+1> and (T) F<W)“”(q<z>+1)‘
It follows from (2.27), (2.9) and (2.10) that

1
(2.28) (1+A)ax = éBlpl,
1-AN)(A42 1 1 1
(2.29) —%a%—k()\—kz)ag:é&(pz—épi) ‘f’Zsz%;
1
(2.30) —(I+AMQ=§BM1
and

A+2)(A+3 1 1 1
(2.31) OL2R192 (a+2)2= 381 (Q2— Eq%) + 7820t

The equations (2.28) and (2.30) yield
(2.32) p1=—0
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and
1
(2.33) A1+ )%z = ZBI(PE + ).
From (2.29), (2.31), (2.32) and (2.33), it follows that
3(M2 1 2
(234) a2 — Bl(pl+ql)

2[(A2+3A +2)B2+ 2(By — Bp)(A + 1))’

which yields the desired estimate [@a| as described in (2.24). Similarly, it can be obtained
from (2.29), (2.31) and (2.32) that

ae— B(P2(A +3) +Gp(1—A)) +2(B; — By) pf
® A(A2+3X+2) ’
which eventually leads to the desired estimate (2.250n 1

Remark 2.2. If A =0, then the Theorem 2.2 reduces to [2, Corollary 2.1] and wheh=
(1+(1-2B)2)/(1—2) (0< B < 1),itreducesto [7, Theorem 3.1] .

Definition 2.2. Let0# ye C andA > 0. A function f given by (1.1) is said to be in the
class I\1}7y(¢), if f and F= f~! satisfy the subordinations

1/ zf(2)+AZ1"(2)
1+V(Azf'<z>+<1—A>f<z> ‘1) <43

1 < WF (W) + AW2F” (w)

L Awew) T A=A F W) _1) < ¢w).

Note that by choosing appropriate valuesXandy, the clasmé (¢) reduces to different
classes:
(1) N34 (1+(1-2B)2)/(1-2)) = S5(B) (0<PB<1).
(2) N3 1((1+(1-2B)2)/(1~2)) = #o(B) (0<B<1).
(3) No,((1+2)/(1-2)°) =755 (0<5<1D).

and

Theorem 2.3.1f f € N} (¢), then

’a2| < ’y’Bl\/E

VIA+22 = A9B32 + (141 2(B1 — By)
The proof is omitted as it is similar to the proof of Theorer®.2.

Remark 2.3. If we sety =1 and¢(z) = (1+(1-28)2)/(1—2) (0< B < 1) in Theorem
2.3, then forA =0 andA =1, it respectively reduces to [7, Theorem 3.1] and [7, Theore
4.1].

VI(B1+|B2—Bi))

d <
and Jas] = oo
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Abstract. A nanocystalline CdS electrode has been fabricated by chemical bath deposition
(CBD) technique onto hydrolyzed indium tin oxide (ITO) coated glass substrat®Catorghe
immobilization of cholesterol oxidase (ChOx). The prepared Nano-CdS based electrode has
been characterized using UV-visible, X-ray diffraction (XRD), Fourier transform-infrared
(FTIR) and scanning electron microscopy (SEM). The ChOx/Nano-CdS/ITO bioelectrode
shows the detection range of cholesterol from 50 to 400 mg/dl with improved sensitivity of
1.35 pA/mgdi*/cn?, low detection limit (6.1 mg/dl) and low K(0.45mM) value indicating
strong enzyme (cholesterol oxidase)-matrix (CdS) affinity.

1. Introduction

In recent years semiconductor quantum dots (Qdots) have attracted much interess in the different
fields of science due to their unique optical, electronic and electrochemical properties. These
properties especially large absorption spectra but narrow emission bands, excellent photostability, high
quantum yield and size dependent photoluminescence make them desirable fluorescence probes for the
sensing of biological samples [1-4]. Apart from optical sensing, other platforms comprising of
quantum dots have recently been explored for the sensing of biological analytes using the
electrochemical technique .In this context, it has been reported that the semiconductor Qdots can be
used to obtain enhanced charge transfer in enzymatic electrochemical biosensor [5-9]. The Qdots
deposited onto desired substrate, have been used@gredtimation [10]. Vastarellagt. al. have
fabricated enzyme-core/shell nanoparticle hybrid material and enzyme/semiconductor nanocluster for
the amperometric biosensing [11]. Among the various semiconductors Qdots, the CdS nanocrystals
have attracted considerable attention due to their good chemical stability, photo-electrochemistry,
intrinsic properties of a narrow band gap and excellent electro-catalysts for the sulfide/polysulfide
redox couple [12-14]. The good electron transport behavior of CdS quantum dots due to higher
charge detaching efficiency [15] and high enzyme affinity to the hexagonal nanocystalline surface area
has recently been reported for electrochemical sensing [16,17]. There are several methods to deposit
the semiconductor CdS onto a substrate such as electrodeposition, vacuum evaporation, photochemical

! To whom any correspondence should be addressed.

Published under licence by IOP Publishing Ltd 1
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deposition, spray pyrolysis, sputtering , Chemical bath deposition (CBD) etc. The CBD technique is
an easy process to achieve high quality crystalline films by adjusting the temperature, reagent
concentration and pH for large area industrial applications with low cost.

We report results of the studies relating to preparation of nanocystalline CdS film onto indium
tin oxide coated glass substrate by chemical bath deposition (CBD) technique for the immobilization
of cholesterol oxidase used for cholesterol estimation.

2. Experimental

2.1. Fbrication of the nano-CdS/ITO electrode

The CdS gquantum dots have been prepared and deposited simultaneously onto ITO substrate by
chemical bath deposition (CBD) technique reported in literature [18] with some modifications. For the
synthesis of CdS, 36.60mg cadmium chloride, 152.24mg thiourea and 1.2gm ammonium nitrate are
dissolved separately in 10 ml water. After this we dissolved 701.25mg KOH in 25 ml water and then
mixed the cadmium chloride and ammonium nitrate with KOH and raised the temperature of the bath
at kept at 7% with constant stirring. For deposition , the desired area of pre-cleaned ITO substrate is
suspended into the bath and mixed with 10 ml solution of thiourea to form CdS. The observed
yellowish color indicates formation of nanocrytalline CdS . After about 40 minutes the suspended
electrode is taken out, washed with distilled water and stored in a refrigerator.

2.2. Immobilization of ChOx onto nano-CdS/ITO electrode

Cholesterol oxidase is immobilized via physical adsorption onto the surface of prepared Nano-
CdS/ITO electrodes. 30 pl of ChOx (1mg/dl) solution is spread onto the Nano-CdS/ITO electrode
surface and the electrode is then left inside a humid chamber for about 4h for immobilization of ChOx
on electrode surface and stored in 4°C when not in use. The ChOx binds with the CdS quantum dots
via electrostatic interaction.

2.3. Instrumentations

Surface morphology and structural properties of electrode (Nano-CdS/ITO) and bioelectrode
(ChOx/Nano-CdS/ITO) has been characterized using scanning electron microscopy (SEM, Zeiss EVO
40) and Fourier transform infra-red (FT-IR) spectroscopy (Perkin—Elmer ,model “Spectrum BX”
using ATR accessory), UV-visible spectrophotometer (Model 2200DPCV, Phoenix) and X-ray
diffraction(PAN alytical X’'Pert PRO). Electrochemical investigations (CV and EIS) of the prepared
electrodes have been carried out using an Autolab Potentiostat/Galvanostat (Eco Chemie, Netherlands)
in a conventional three-electrode electrochemical cell consisting of Ag/AgCl as reference electrode
and platinum foil as the counter electrode. Electrochemical impedance spectroscopy (EIS) studies
have been performed in the frequency range, 0.01H4®vith amplitude of 5 mV in PBS solution.

3. Results and discussion

3.1. UV-visible and X-ray diffraction

The UV-visible absorption spectra of the Nano-CdS/ITO electrode is shown in Fig. 1(a). the
characteristic absorption peak assigned to the first excitonic state of the CdS electrode is located at 450
nm with the broad range of 425-500 nm. The blue-shift is observed for the absorption band of Nano-
CdS as compared to the 520nm of the bulk CdS. This indicates quantum confinement effect and
presence of CdS nanoparticles/crystallites in the fabricated electrode[19]. The X-ray diffraction (XRD)
pattern of the Nano-CdS/ITO electrode is shown in the Fig.1(b). The XRD pattern indicates
polycrystalline nature of the Nano-CdS film deposited onto ITO glass. The CdS exists in two
crystallographic forms, hexagonal (Wurtzite) and cubic (Zincblend). The presence of the peaks with
20 values at 30.55°, 45.56° and 50.93° may be associated with cubic planes (111), (220) and (311) or
with the hexagonal lattice planes (101), (110) and (200), respectively. The extra peaks seen at 35.80
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and 60.6 are due to the ITO substrates. The average grain size (D) of the CdS is found to be as 12 nm,
calculated using Scherrer formula D=0.94t09% , wherel is the X-ray wavelength is the full
width at half maximum and 6 is the Bragg angle.

1.5
150 -
1.2
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e 0.9 4 %‘ 90 4
£ ]
=
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0.3 30
0
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Figure 1. (a) UV-Visible spectra of Nano-CdS/ITO electrode & (b) XRD pattern of Nano-CdS/ITO.

3.2. Scanning electron microscopy studies

The scanning electron micrographs (SEM) of the Nano-CdS/ITO electrode shows the uniform and
continuous crystallization during the film formation ( Fig. 2(a)). The homogeneous crystalline granular
and nanoporous structure of CdS with size distribution of 50- 100 nm can be seen on the ITO surface.
The SEM image of the cholesterol oxidase (ChOx) immobilized onto the electrode surface Fig. 2(b)
demonstrates the covered and packed granular structure indicating immobilization of ChOx via
electrostatic interactions.

EHT = 20.00 kV Date :27 Sep 2010 2EISS
WD = 9.0 mm Mag = 68.08 KX

EHT = 20,00 kv Date :27 Sep 2010 _—
WD = 85mm Mag=101.75K X

Figure 2. (a) SEM micrograph of Nano-CdS/ITO electrode & (b) ChOx/Nano-CdS/ITO bioelectrode.

3.3. Fourier transforminfra-red spectroscopy studies

FT-IR spectra of Nano-CdS/ITO electrode is shown in Fig. 3(a). The peak seen at 671 them
fingerprint region, corresponds to Cd-S vibrational band. The peaks observed at 11,8736 crit

and 1450 ci are assigned to O-C=0 (symmetric and asymmetric stretching band) due to strong
physical absorption of Cand HO on the electrode surface. The spectra [Fig. 3(b)] shows the broad
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peak at 1100 cthconfirms the immobilization of ChOx with the peak found at 1630 @mdue to
amide bonds showing the presence of ChOx[20].
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Figure 3. FT-IR spectra of (a) Nano-CdS/ITO electrode and (b) ChOx/Nano-CdS/ITO bioelectrode

3.4. Cyclic voltammetry studies
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Figure 4. Cyclic Voltammetric (CV) of bare ITO Figure5. Cyclic Voltammetric (CV) of
(a), Nano-CdS/ITO electrode (b) and ChOx/Nanc ChOx/Nano-CdS/ITO bioelectrode at
CdS/ITO bioelectrode at scan rate 20 mV/s in PBS different scan rate 30-100 mV/s in PBS

(50mM, pH 7.0, 0.9% NacCl) containing

[Fe(CN%I¥ (5mM).

containing [Fe(CNJ*™ (5mM).

Fig. 4 shows results of cyclic voltammetric (CV) studies conducted on bare ITO (a), Nano-CdS/ITO
electrode (b) and ChOx/Nano-CdS/ITO bioelectrode (c) at scan rate 20 mV/s with potential range -
7.0V to +7.0V in PBS (50mM, pH 7.0, 0.9% NaCl) containing [Fe@@Nj~ (5mM). It can be seen

that the magnitude of the peak current for Nano-CdS/ITO electrode (3:29xbcreases as
compared to bare ITO (5.171Q) and the peak is shifted toward the higher potential. This is due to
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the semiconducting CdS that obstructs the electron transfer between the CdS QDs electrode and the
solution. The peak current is found to be higher for ChOx/Nano-CdS/ITO bioelectrode (c) as
compared to that of the Nano-CdS/ITO electrode (b) indicating that Nano-CdS quantum dots perhaps
act as mediator resulting in enhanced electron transfer between enzyme and electrode.

Fig. 5 shows cyclic voltammogrammes obtained for ChOx/Nano-CdS/ITO bioelectrode in PBS
containing [Fe(CNJ* " recorded at different scan rates (30-100m)V# can be seen that the anodic
potential shifts towards positive side and the cathodic peak potential (Fig.6A) shifts in the reverse
direction. The peak-to-peak separation potentigl ~0.37 V increases with increasing scan rate
resulting in uniform facile charge transfer kinetics. The magnitude of current of both anodicpeak (I
and cathodic peakflobserved for ChOx/Nano-CdS/ITO bioelectrode increases linearly with the scan
rate indicating quasi reversible diffusion controlled behavior. The values of the slope, intercept and
correlation coefficient given as
l.[ ChOx/Nano-CdS/ITO]= -1.3pA + 0.8pA (s/mV) x scan rate (mV/s) Witt003 (Eq.1)

| ChOx/Nano-CdS/ITO]= -0.002pA -0.35uA (s/mV) x scan rate (mV/s) itt988 (Eq.2)

3.5. Cyclic voltammetry studies
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Figure 6. (A) Anodic peak current and cathodic peak current vs square root of scan rate of
ChOx/Nano-CdS/ITO bioelectrode from CV studies, (B) CV response at different cholesterol
concentration (50-400 mg/dl) at scan rate 20 mV/s in PBS (50mM, pH 7.0, 0.9% NacCl) containing
[Fe(CNX*™ (5mM) and (C) Sensor response curve plot between current vs cholesterol
concentration.



IJWBME 2011 IOP Publishing
Journal of Physics: Conference Series 358 (2012) 012008 doi:10.1088/1742-6596/358/1/012008

The results of response studies of the ChOx/Nano-CdS/ITO bioelectrode for different cholesterol
concentrations in phosphate buffer (50mM, pH 7.0, 0.9% NaCl) containing [R#{CNare shown

in Fig. 6(B). The peak current of CV response increases with adding cholesterol indicating increase in
the HO, concentration produced due to the interaction of ChOx with cholesterol during the
biochemical reaction [Fig. 6C]. The ChOx/Nano-CdS/ITO bioelectrode shows linearity as 50-400
mgd* and the detection limit as 6.1 mg'dl This biosensor shows high sensitivity as 1.35
HA/mgdr*/en? with linear regression {r 0.950. The Michaelis—Menten constant,JKthat gives an
indication of the enzyme-substrate kinetics, can be obtained from the Lineweaver—Burke plot,. The K
value for the ChOx/Nano-CdS/ITO bioelectrode has been calculated using the formula 3xSD/m,
where SD is standered deviation and m is the slope of the curve and it is found to be 17.0 mgdl
indicating high affinity for cholesterol.

3.6. Effect of interferents of the ChOx/Nano-CdS/I TO bioelectrode

The effect of interferents (lactic acid, ascorbic acid, uric acid, glucose and urea) on the response of this
cholesterol sensor has been evaluated by adding the solution containing (1:1) ratio of cholesterol
(100mgd™) and interferents such as glucose (5 mM), ascorbic acid (0.05 mM), uric acid (0.1 mM),
lactic acid (0.5mM) and urea (1 mM) (data not shown). The results indicate negligible effect of these
interferents on the CV response of ChOx/Nano-CdS /ITO bioelectrode.

4. Conclusions

We have fabricated the nanocystalline CdS electrode using chemical bath deposition technique. The
UV-Visible and X-ray diffraction studies confirms that the quantum confinement effect during the
formation of CdS favors its deposition as homogeneous nanocrystals and helps in ChOx loading. FT-
IR and SEM studies reveal the successful immobilization of ChOx onto Nano-CdS/ITOelectrode
surface. The ChOx/Nano-CdS/ITO bioelectrode exhibits linear range of 50-400 mg/dl and improved
sensitivity 1.35 pA/mgdf/cn?. It has been found that the CdS Qdots based bioelectrode shows the
detection limit of 6.1 mg/dl and low }{0.45mM) value indicating strong enzyme-matrix affinity.
Efforts should be made to control the shape and size of Nano-CdS and to utilize this electrode for
estimation of total cholesterol, triglycerides and low density lipoproteins (LDL) etc.
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Preface

The ‘India—Japan Workshop on Biomolecular Electronics & Organic Nanotechnology for Environment
Preservation’” IJWBME 2011) will be held on 7-10 December 2011 at EGRET Himeji, Himeji, Hyogo,
Japan. This workshop was held for the first time on 17-19 December 2009 at NPL, New Delhi. Keeping
in mind the importance of organic nanotechnology and biomolecular electronics for environmental
preservation and their anticipated impact on the economics of both the developing and the developed
world, ITWBME 2009 was jointly organized by the Department of Biological Functions, Graduate School
of Life Sciences and Systems Engineering, the Kyushu Institute of Technology (KIT), Kitakyushu, Japan,
and the Department of Science & Technology Centre on Biomolecular Electronics (DSTCBE), National
Physical Laboratory (NPL).

Much progress in the field of biomolecular electronics and organic nanotechnology for environmental
preservation is expected for the 21st Century. Organic optoelectronic devices, such as organic
electroluminescent devices, organic thin-film transistors, organic sensors, biological systems and so
on have especially attracted much attention. The main purpose of this workshop is to provide an
opportunity for researchers interested in biomolecular electronics and organic nanotechnology for
environmental preservation, to come together in an informal and friendly atmosphere and exchange
technical knowledge and experience. We are sure that this workshop will be very useful and fruitful for all
participants in summarizing the recent progress in biomolecular electronics and organic nanotechnology
for environmental preservation and preparing new ground for the next generation.

Many papers have been submitted from India and Japan and more than 30 papers have been accepted
for presentation. The main topics of interest are as follows:

e Bioelectronics

e Biomolecular Electronics

e Fabrication Techniques

e Self-assembled Monolayers
e Nano-sensors

e Environmental Monitoring
e Organic Devices

e Organic Functional Materials

We would like to express our sincere thanks to the organizing committee members of this workshop
and the many organizations such as the Japan Society for the Promotion of Science (JSPS), Japan,
the Department of Science & Technology (DST), India, the Society of Organic Nanometric Interfacial
Controlled Electronic (NICE) Devices, the Japan Society of Applied Physics, Himeji City, Himeji
Convention & Visitors Bureau, Delhi Technological University, Delhi, India and the University of Hyogo
for their financial support. Thanks are also given to The Japan Society of Applied Physics, Division of

Published under licence by IOP Publishing Ltd 1
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Molecular Electronics and Bioelectronics, The Japan Society of Applied Physics (M & BE), the Technical
Committee on Dielectric and Electrical Insulation Materials of the Institute of Electrical Engineering in
Japan (IEEJ), the Technical Group on Organic Molecular Electronics, Electronics Society of the Institute of
Electronics, Information and Communication Engineers (IEICE), and the IEEE Dielectrics and Electrical
Insulation Society, Japan Chapter, for their cooperation.

Finally, we hope that the many young and active researchers who are participating will enjoy stimulating
discussions and exchange ideas with each other at ITWBME 2011, Himeji, Japan.

IJWBME 2011 Chairs
7 April 2011

At Pvvoe

Mitsuyoshi Onoda
Graduate School of Engineering, University of Hyogo, Himeji, Japan

Bansi D Malhotra
Department of Biotechnology, Delhi Technological University, Delhi, India

Caption: Participants of the India-Japan Workshop on Biomolecular Electronics & Organic
Nanotechnology for Environment Preservation 2011, December 7-10 2011, EGRET Himeji, Japan
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Opportunities in nano-structured metal oxides based
biosensors

B D Malhotra*" 2 Maumita Das" and Pratima R Solanki*

'Department of Science & Technology Centre on Biomolecular Electronics,
Biomedical Instrumentation Section, National Physical Laboratory,

Dr. K. S. Krishnan Marg, New Delhi 110012, India

Department of Biotechnology, Delhi Technological University,

Shahbad Daulatpur, Main Bawana Road, Delhi 110042, India

E-mail: bansi.malhotra@gmail.com or bansi.malhotra@dce.ac.in

Abstract. Nanomaterials are presently at the critical stage of the next technological revolution
in solid-state electronics and are emerging as new structural materials, to serve as systems for
controlled drug delivery, biomolecular electronics and are considered to have considerable
impact in practically all domains of science. Among the various types of nanomaterials that
have been developed, nanostructured metal oxides (NSMOs) have recently aroused much
interest as immobilizing matrices for biosensors development. The unique properties of
NSMOs offer excellent prospects for interfacing biological recognition events with electronic
signal transduction and for designing a new generation of bioelectronics devices that may
exhibit novel functions. Among the NSMOs, biocompatible zirconia (ZrO,) and its composite
especially with chitosan and carbon nanotubes are technologically important exhibits high
bioactivity for  biomolecules with rapid rand enhanced electrochemical signal. Efforts are
being continuously made to explore the prospects and future challenges of NSMOs for the
development of biosensing devices.

1. Introduction

Nano-structured materials can be grouped as (i) inorganic, (ii) organic and (iii) inorganic-organic
nanocomposites. Inorganic nanostructures especially nano-structured metal oxides (NSMOs) e.g. iron
oxide (Fe;Os3), zirconium oxide (ZrO,), zinc oxide (ZnO), nickel oxide (NiO), cerium oxide (CeO,)
silicon dioxide (SiO,) etc, have opened new opportunities for a plethora of applications due to their
unique properties (Figure 1) "*. Electron transport properties of NSMOs are very important for
electrical and electronic applications as well as for understanding the unique one-dimensional carrier
transport mechanism. Besides this, metal oxide nanoparticles have high thermal stability, chemical
inertness, non-toxicity, large surface-to-volume ratio, high surface reaction activity, biocompatibility
and tunable electron transport properties. However, these NSMOs are difficult to functionalize that
can perhaps be addressed by combining them with organic nanostructures which are otherwise not
stable alone, as they interact with the moieties present in the environment. There is, thus a synergic
effect between the inorganic and organic nanostructure and these inorganic-organic nanocomposite

* To whom any correspondence should be addressed.

Published under licence by IOP Publishing Ltd
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offer excellent prospects for interfacing biological recognition events with electronic signal
transduction and for designing new biosensor devices ***°.

According to IUPAC, a biosensor is a self-contained integral device that is capable of providing
specific quantitative or semi-quantitative analytical information using a biological element. Biosensor
has three major components: (i) a bio-recognition element such as DNA, enzyme, antibody etc. for
recognition of an analyte also called bioreceptor (ii) an immobilization surface such as a
nanomaterial/conducting polymer/sol-gel film/self-assembled monolayer, etc., used for the
immobilization of a biomolecule and (iii) a transducer for conversion of a biochemical reaction
product into a recognizable signal.
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Figure 1. Properties of some NSMOs used for the fabrication of biosensors.

2. Importance of NSMOs for biosensing

Biosensor is based on the interaction of a biomolecule in conjunction with an electrode where the
redox reaction could be monitored electrochemically by measurement of the loss or formation of a
substrate or product, by the use of a small mediator species that shuttles between the biomolecule and
the electrode, or less commonly by direct electron transfer (ET) between biomolecule redox site and
the electrode. Direct ET can be difficult to achieve, since the redox site of a biomolecule is often
hidden deep inside the biomolecule. Recent advances in achieving direct ET have been made by the
modification of biomolecules or electrode surface through the use of hovel NSMO as a mediator and
the design of functional biointerface (Figure 2), which has extended throughout the field of
bioelectrochemistry 9,

The NSMOs have recently become important as immobilization matrices for the fabrication of
biosensors, as they provide excellent optical and electrical properties due to electron and phonon
confinement, high surface-to-volume ratio, high surface reactivity and catalytic activity along with
strong adsorption ability resulting in enhanced sensing characteristics. The adsorption of biomolecules
directly onto the bare surface a of bulk material may frequently result in their denaturation and loss
of bioactivity. However, the adsorption of such biomolecules onto a given NSMO surface may
perhaps retain the bioactivity because of the non-toxicity NSMO and their biocompatible composites
with carbon nanotubes (CNT), chitosan (CHIT) etc using electrostatic and other interactive forces.
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The interface formed between an NSMO and a biomolecule is of utmost importance as the
surface area, surface energy, roughness, porosity etc. affect the performance of a biosensor. So, the
judicious selection of NSMO is the key success for the development of an effective biosensor 2.

Mediaed ET

Manostroctured
Bio-interface

Biomolecule

Figure 2. Scheme of ET process of nanostructured bio-interfaces on the electrode surface.

An effective NSMO biointerface helps a biomolecule, to retain its biological activity with high
stability by establishing a biocompatible microenvironment, and also faster rate of electron transfer.
There is thus, a considerable opportunity for the development of biosensors with improved sensitivity
and detection limits, as well as lower cost and extended shelf life, through the use of NSMOs.

3. Electrochemical DNA biosensor using nano-structured biocompatible ZrO, based matrices
Fascinating electrochemistry and unique hybridization behaviour of desired nucleic acid and the
excellent prospects for interfacial biological recognition event with electronic signal transduction
using NSMOs, has stimulated much interest for designing new generation bioelectronic devices that
may exhibit novel applications especially in the field of DNA biosensors. The high sensitivity,
specificity for target analyte, faster response, ability to operate in turbid or colored solutions, easy
handling, low cost, compatibility with micro-fabrication technology and portability has aroused
increased interest for the fabrication of DNA biosensors %,

For the fabrication of an electrochemical DNA biosensor, immobilization of DNA onto a
nanocrystalline transparent metal oxide based matrices like ZrO, have drawn considerable attention
due to their unique physical, chemical, and optical properties that make them promising matrices for
sensing applications. Moreover, the nanostructures provide increased surface area for DNA
immobilization that may lead to the improved limit of detection. Besides this, it is found to be
thermally stable, chemically inert, non-toxic, and has affinity for groups containing oxygen that
facilitates covalent immobilization of biomolecules without using any cross-linker that may limit
sensitivity of a biosensor. The biocompatibility of ZrO, is anticipated to offer conducive environment
to the fabricated biosensor which may perhaps result in enhanced stability and reusability.

Solanki et.al have utilized sol-gel-derived nano-structured ZrO, film for immobilization of 17-
base ssDNA identified from the 16srRNA coding region of Escherichia coli. This bioelectrode
exhibits high selectivity and sensitivity for hybridization, with linearity in the range of 107 to 10° pM
of complementary DNA ?*. Zuo et al. have fabricated a DNA biosensor by immobilizing ssSDNA
with a terminal 5’-phosphate group to a ZrO, surface utilizing the strong affinity between the oxygen
atoms of the phosphoric group and zirconium. This biosensor has been found to have high sensitivity
and selectivity for hybridization detection (<20 nM complementary DNA) *. Yang et al. have
fabricated a DNA biosensor using a composite comprising of Nano ZrO,-CNT-CHIT and observed
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that the bioelectrode can effectively detect the complementary DNA 1.49x10™° — 9.32x10® using
differential pulse voltammetry %

Inspired by the characteristics of nano ZrO,, Das et.al have fabricated electrochemical DNA
biosensor for M. tuberculosis detection using nano-structured ZrO,, from an aqueous solution of
zirconium oxychloride (ZrOCl,) onto gold coated glass plate (Au) (Figure 3). They have observed that
ssDNA-NanoZrO,/Au electrode can detect target analyte from 640-0.065 ng.pL™, with lower
detection limit of 0.065 ng.puL™(20nM) and 1 ng.uL™ for genomic DNA indicating that it can be used
for rapid and early detection of M. tuberculosis */

O
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Figure 3. Proposed schematic for the fabrication of NanoZrO,/Au based DNA biosensor.

In spite of being an interesting matrix for biomolecule immobilization, nano-structured ZrO;
based electrode suffers from the problems of cracking and aggregation leading to limited application
of ZrO, nanoparticles to biosensing. This problem can perhaps be addressed by modifying ZrO,
nanoparticles with CHIT. CHIT has been found to be an interesting biopolymer for immobilization of
biomolecules because of its excellent film-forming ability, high permeability, biocompatibility, low
cost etc. Moreover, chemical modification of amino groups of CHIT provides hydrophilic
environment for the biomolecules. Feng et al. have reported nanoporous CeO,/CHIT composite film
as the immobilization matrix for fabrication of electrochemical DNA biosensor for colo-rectal cancer
detection 2. This biocomposite matrix can be used for increased loading of probe DNA to obtain
enhanced biosensor response. Kaushik et al. have developed a nucleic acid sensor based on
Fe,O5/CHIT hybrid matrix for pyrethroid detection %

We have proposed chitosan-zirconium-oxide (CHIT-NanoZrO,) nanocomposite, deposited via
electrophoretic deposition of onto indium-tin-oxide(ITO) coated glass plate from a colloidal
suspension of CHIT-NanoZrO; in acetonitrile, to reveal its application in DNA biosensor for M.
tuberculosis detection. Efforts have been directed to propose a mechanism for the electrophoretic
deposition of CHIT-NanoZrO, colloidal particles onto given ITO plate in presence of DC electric field.
A key characteristic of CHIT, used for the preparation of CHIT-NanoZrO, composite film fabrication,
is its unique response to applied electrical stimuli. When applied voltage is sufficient for protons to be
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reduced at the cathode surface, a localized pH gradient is generated, resulting in cathodic
electrodeposition of thin CHIT-NanoZrO, film (180 nm) with ZrO, molecules entrapped within CHIT
chains due to strong electrostatic interactions between these oppositely charged moieties *.
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Figure 4. SEM and TEM analysis of CHIT-NanoZrO, composite

The morphological studies carried out using SEM and TEM techniques clearly reveal
incorporation of the hexagonal grains of ZrO, (30-50 nm) in the amorphous network of CHIT (Figure
4). Interestingly, the nano grained ZrO, have been found to be inter-linked and well-dispersed into the
CHIT matrix, corroborating the homogeneous nanobiocomposite formation. This has been attributed
to electrostatic interactions between cationic CHIT and surface charged ZrO, nanoparticles. The
DNA/CHIT-NanoZrO,/ITO bioelectrode, fabricated by covalent immobilization of biotinylated probe
DNA specific to M. tuberculosis onto this nanobiocomposite matrix, has been found to be selective
and can detect complementary target up to 0.78 nM with sensitivity of 6.38x10° A uM™.

Contemporary interest in metal and metal oxide/CNT composites stems from their utilization as
an emitter in field emission displays, a thermal interface material, a super capacitor, interconnects in
large scale integrated circuits etc **2. Keeping in view, the advantages of CNT-metal oxide
composites in various emerging fields, there is an augmented interest in exploring the synergy of
electroactive CNT and biocompatible metal oxides in the potential field of biomolecular electronics. In
this context, bio-functional devices based on CNT/ZrO, nanocomposites have recently gained much
attention ¥ In the fabrication of a biosensing device composed of CNT/ZrO,, the thickness and the
morphology of the ZrO, coating is considered to play a critical role. The uniform, dense pin-hole free
thin coating provides large surface area that can be useful for biosensor applications. In this context,
electrophoretic technique has achieved much interest for deposition of the uniform, dense and
electrochemically reversible films from colloidal suspension *. In addition, this technique provides a
unigue strategy to prepare nano-patterned composite film with nanoporosity and densely packed
structure with controlled thickness and morphology.

Electrophoretic deposition of ZrO, grafted CNT, has been obtained by Das et al. via isothermal
hydrolysis of zirconium oxychloride (ZrOCly) in presence of CNT, onto ITO coated glass plate (Figure
5). The structural characterization of this nanocomposite (Figure 6) divulge that there is transition of
crystal structure of ZrO, from its pristine monoclinic to deviated monoclinic arrangement with
increased unit cell volume of 163 A3, The high resolution TEM and SEM studies reveal that the ZrO,
is present in and around the nanotubes resulting in deviated monoclinic crystalline arrangement having
crystallite size of 28.63 nm. The change in the crystalline structure provides increased surface area to
immobilize the biomolecules required for the fabrication of an effective biosensor.

Based on this idea, an impedimetric genosensor (SSDNA-NanoZrO,-CNT/ITO) is fabricated by
in-situ entrapment of 21-mer DNA probe specific to Mycobacterium tuberculosis .
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Figure 5. Electrophoretic fabrication of CNT/ZrO, nanocomposite and the interaction
between DNA and the nanocomposite.
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The ssDNA-NanoZrO,-CNT/ITO electrode is capable of detecting DNA hybridization process
by showing the variation in charge transfer resistance (Rcr) obtained from the diameter of the
semicircle of the Nyquist plot. The results of DNA hybridization with the complementary target DNA
strands reveal wider detection range of target DNA concentration (1x10% mM to 1x10® mM) and
exhibit detection limit as low as 1x10® mM or 0.01 nM with storage stability of 24 weeks.

Table 1 exhibits the various biosensing characteristics obtained for the fabrication of DNA
biosensors for M. tuberculosis detection using ZrO, and its composite by Das et al.

Table 1. Various biosensing parameter obtained using ZrO, and its composite with CHIT and CNT

Biosensin . Ll
cacteristics | Film fabrication | Detection | Reusability | gpapiiry

Matrix method limit
NanoZrO, Electrochemical 20 nM 10-12 times 16 weeks

NanoZrO,-CHIT | Electrophoretic 0.78 nM 10-12 times | 18 weeks
NanoZrO,-CNT | Electrophoretic 0.01 nM ~ 15 times 24 weeks

4. Conclusions

With the rapid emergence of nanotechnology, hybrid bio/nanostructures with well-defined
morphologies have been popularly employed to modern materials science. Capitalizing the properties
of NSMOs, novel composite nano-scale materials have opened up a new horizon in materials science
with a synergistic effect of the individual components. The highly sensitive detection protocol for the
fabrication of biosensor using NSMOs especially with ZrO,, suggest that future interdisciplinary
research is likely to lead to a new generation of electrochemical biosensors for the detection of
infectious agent in an early stage.
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ABSTRACT

The purpose of image compression is to achieve a
very squat bit rate representation, while preserving a
soaring visual quality of decompressed images.
Compression reduces the storage and finds its
potency and limitations. Transmission burdens of raw
information by reducing the ubiquitous redundancy
without losing its entropy significantly. The image
manipulation that occupies a significant position in
multimedia technology necessitated the development
of JPEG compression technique, which has proved its
usefulness until recently; to minimize the blocking
artifact, inherently present in JPEG at higher
compression ratios. In this work, a new approach to
JPEG compression technique is proposed that
enhanced the compression performances in
comparison with aforesaid JPEG techniques. The
new technique considers DCT, SVD, and BTC. A
rigorous comparison of the various compressions
through quality components (PSNR, MSE).

Keywords

Discrete cosinetransform (DCT), Singular Value
Decomposition (SVD), Block Truncation Code
(BTC), Standard Deviation (STD).

LINTRODUCTION

Now a day, the usage of digital image in various
applications is growing rapidly. Video and television
transmission is becoming digital and more and more
digital image sequences are used in multimedia
applications. A digital image is composed of pixels,
which can be thought of as small dots on the screen
and it becomes more complex when the pixels are
colored[6]. An enormous amount of data is produced
when a two dimensional light intensity function is
sampled and quantized to create a digital image. In
fact, the amount of data generated may be so great
that it results in impractical storage, processing and
communications requirements. Image compression
addresses the problem of reducing the amount of data
required to represent a digital image. It is a process
intended to yield a compact representation of an
image, thereby reducing the image
storage/transmission requirements.[1] A common
characteristic of most images is that the neighboring
pixels are interrelated and therefore contain
redundant information. The foremost task then is to

find less correlated representation of the image. Two
fundamental components of compression are
redundancy and irrelevancy reduction.

Redundancies reduction aims at removing
duplication from the signal source (image/video).
Irrelevancy reduction omits parts of the signal that
will not be noticed by the signal receiver, namely the
Human Visual System.

In this work, the two main compression techniques,
SVD and BTC associates DCT in JPEG as baseline
coding system .A careful comparison of proposed
method with the existing one is made to find its
potential and limitation.

II. DCT IN COMPRESSION
The Discrete Cosine Transform (DCT) attempts to
decorrelate the image data. After decorrelation each
transform coefficient can be encoded independently
without losing compression efficiency.
The following is a general overview of the JPEG
process.

1. The image is broken into 8x8 blocks of
pixels.

2. Working from left to right, top to bottom,
the DCT is applied to each block.

3. Each block 1is compressed through
quantization.

4. The array of compressed blocks that
constitute the image is stored in a
drastically reduced amount of space.

5. When desired, the image is reconstructed
through decompression, a process that uses
the Inverse Discrete Cosine transform

Fig.1 The basic function of 8x8 matrix.

Il.a THE DCT EQUATION
The DCT equation (Eg. 1) computes the i, j™"
entry of the DCT of an image.
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P(x, y) is the x, yth elements of the image represented
by the matrix p.N is the Size of the block that the
DCT is done on. The equation calculates one entry of
the transformed image from the Pixel value Of
Original image Matrix. For the Standard 8x8 block
that JPEG Compression uses N equals 8 and x & y
range from 0 to 7
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Because the DCT use cosine functions, the resulting
matrix depends on the horizontal, diagonal, and
vertical frequencies[3]. Therefore and image black
with a lot of change in frequency has a very random
looking resulting matrix, while and image matrix of
just one color, has a resulting matrix of a large value
for the first element and zeroes for the other
elements.
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it should be noted that the pixel values of a black &
white image range from 0 to 255 in step of 1, where
pure black is represented by 0 and pure white by 255.
Thus it can be seen how a photo, illustration etc. can
be accurately represented by these 256 shades of

gray.

III. SVD IN COMPRESSION

Image compression is achieved by using Singular
Value Decomposition (SVD) technique on the image
matrix. The advantage of using the SVD is the
property of energy compaction and its ability to adapt
to the local statistical variations of an image. Further,
the SVD can be performed on any arbitrary, square,
reversible and non reversible matrix of m x n size.[8]

Singular Value Decomposition (SVD) is said to be a
significant topic in linear algebra by many renowned
mathematicians. SVD has many practical and
theoretical values; Special feature of SVD is that it
can be performed on any real (m, n) matrix. Let’s say
we have a matrix 4 with m rows and » columns, with

[ Qe+ )
H 16 ]"

rank » and r < n < m. Then the A can be factorized
into three matrices:

a=usy’ 5

\'T

mxn ‘ mxm mxn nxn
FIGURE 2. Illustration of Factoring 4 to USV*

Actually, calculation of SVD consist of finding the
Eigen Values & Eigen vector of AAy & AyA .Eigen
vector of AAy make up the columns of U & AFA
make up the columns of V. The Eigen Value of A"A
or AAy is the squares of the singular values for A.

VI. BTC IN COMPRESSION

Block Truncation Coding (BTC) is a well-known
compression scheme proposed in 1979 for the
grayscale images. It was also called the moment-
preserving block truncation [2]-[4] because it
preserves the first and second moments of each
image block. The BTC algorithm involves the
following steps:[7]

» Stepl: The given image is divided into non
overlapping rectangular regions. For the sake of
simplicity the blocks were let to be square regions of
size m X m.

« Step 2: For a two level (1 bit) quantizer, the idea is
to select two luminance values to represent each pixel
in the block. These values are the mean x and
standard deviation o.

— . )
:—Z X, é.

n i=1

Where x; represents the i™ pixel value of the image
block and n is the total number of pixels in that
block.

* Step3: The two values x and o are termed as

quantizers of BTC. Taking * as the threshold value a
two-level bit plane is obtained by comparing each
pixel value x; with the threshold. A binary block,
denoted by B, is also used to represent the pixels. We
can use “1” to represent a pixel whose gray level is

greater than or equal to X and “0” to represent a

pixel whose gray level is less than %
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By this process each block is reduced to a bit plane.
For example, a block of 4 x 4 pixels will give a 32 bit
compressed data, amounting to 2 bit per pixel (bpp).

e Step 4: In the decoder an image block is
reconstructed by replacing ‘1°s in the bit plane with
H and the ‘0’s with L, which are given by:

H—\+C.p 9.

\ g

q q
L= 10.
\I
Where p and q are the number of 0’s and 1°s in the
compressed bit plane respectively.

V.PURPOSED WORK

In this work, a new approach to image compression
technique is projected that enhanced the compression
performance, the two main compression techniques,
SVD and BTC associates DCT in JPEG. In this
approach we select the compression technique on the
decision parameter of the image .In this work the
decision parameter of image is its Standard Deviation
(STD).

V.a PROPOSED TECHNIQUE

The proposed algorithm incorporates DCT, SVD and
BTC compression techniques. Depending on the
image properties a simple decision making criterion
is choose. The decision making criterion is based on
the observation of standard deviation (STD) of the
source STD of an image is larger when it has many
abrupt changes in intensity than when the image has
Smoothly varying intensity. The technique is based
on the following algorithm.

1. Input an image which is processed according to the
selected compression technique and selection based
on the STD of the image.

2. The STD of current image is computed and for the
compression technique if STD is lesser than the
decision making parameter, the DCT is used to

compute the transform coefficients. Conversely if the
standard deviation is more than the decision making
parameter the SVD transform is used. However if the
STD is lying between 35 to 45 then BTC is used even
though the results of compression for BTC depends
on the block size of image here we are considering to
be 8x8. This is done because DCT is computationally
efficient and achieves good performance for images
characterized by high correlation. In contrast, SVD
provides optimal energy packing efficiency for less
correlated images.

3. The image quality factors are given as the output.

VI. IMAGE QUALITY MEASUREMENTS

In objective measures of image quality metrics, some
statistical indices are calculated to indicate the image
quality. In our work we will focus in objective
measures such as Peak Signal to Noise Ratio (PSNR)
and mean square error (MSE).

The PSNR is most generally used as a measure of
excellence of reconstruction of lossy compression .It
is an striking measure for the loss of image quality
due to its simplicity and mathematical convenience
Peak signal-to-noise ratio (PSNR) is a qualitative
measure based on the mean-square-error of the
reconstructed image .If the reconstructed image is
quite similer to the original image, then MSE is small
and PSNR takes a large value .PSNR is
dimensionless and is expressed in decibel .Peak
Signal-to-Noise Ratio (PSNR) avoids this problem by
scaling the MSE according to the image range .PSNR
is defined as follow:

1
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MSE =
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Where L is the dynamic range of the pixel values
(255 for 8-bit grayscale images).



VII. EXPERIMENTAL RESULTS
VILI INPUT IMAGE-LENA.BMP

50
100
150
200

250 :
50 100 150 200 250
Algorithm | PSNR MSE SD
DCT 30.70271 | 55.31073 | 52.59425
SVvD 33.97248 | 26.0515 | 52.59425
BTC 30.08119 | 63.82063 | 52.59425

VILIIL. INPUT IMAGE-HRITHIK.BMP

®rginal Image

50
100
150
200
250 -
50 100 150 200 250
Algorithm | PSNR MSE SD
DCT 31.86982 | 42.27641 | 69.02297
SVD 38.79564 | 8.580566 | 69.02297
BTC 30.73738 | 54.87093 | 69.02297

VILIIL. INPUT IMAGE-CIRCLE.BMP

Orginal Image

50
100
150
200
250

50 100 150200 250

Algorithm | PSNR MSE SD

DCT 29.3267 | 75.92943 | 66.34601
SVD 33.07188 | 32.05476 | 66.34601
BTC 28.8524 | 84.69154 | 66.34601

VIIl. CONCLUSION

The analysis, of all the obtained experimental results,
demonstrates that the incorporation of SVD and BTC
in image compression along with DCT in an adaptive
manner enhances the compression performance
significantly. The proposed technique perform
perform the best technique in terms of PSNR and
MSE. But it requires slightly longer time that makes
it suitable for large bandwidth channel only.In this
research compression technique is selected on the
basis of its standard deviation used as decision
parameter for compression. Compression techniques
other then wavelet transformation can be divided as
SVD for the image having large standard deviation
(greater than 45). If the standard deviation lies
between 35 to 45 BTC compressions is selected and
lesser standard deviation DCT is selected.
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Sensor architecture allows real-time auto emissions
monitoring, Pt. 1
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As opposed to current periodic emission-control system testing—sensors, MCUs, and memory come
together in an updated approach to real-time exhaust monitoring for improved pollution control.

"Green" is the buzzword these days. Globally, various organizations are striving to make their processes
as eco-friendly as possible, with the automotive industry one of the leaders in this endeavor.

Vehicle-emissions are being strictly monitored and emission-norms being revised regularly to ensure a
"greener" and pollution-free environment. However, present vehicle pollution-checking is still
dependent on old mechanisms of manual-regular-checking of the auto-exhaust. The exhausts are sensed
and analyzed by a machine and a pollution certificate is issued.

This article highlights inherent limitations of this traditional approach and proposes a real-time exhaust
monitoring solution to enforce better pollution control for a greener future."

The challenges of emission pollution control

Probably, pollution is one of the biggest problems which humankind is facing today and the worst part is
that the pollution has reached such a level that we have ourselves stuck in a vicious cycle of this evil and
auto emission is one of the biggest contributors. Automobiles used worldwide produce vast amount of
harmful exhausts including carbon dioxide, carbon monoxide, nitrogen oxides (NOX), and un-burned
hydrocarbons. All these add to greenhouse gases and are significant contributors to global warming.

Taming this devil has become one of the biggest challenges for the governments worldwide. Adoption of
cleaner fuels like compressed natural gas and commercial development of hydrogen-based automobiles
is one of the priorities for many agencies. However, before we can reach such a long-term, fool-proof
solution, probably the easiest and the cheapest solution is to keep the pollution emissions of the current
automobiles in check.

In every country, the emission norms are regulated by the respective pollution control regulatory body.
Vehicles are checked for their emissions and if exhaust is within the specified limit, a certificate might be
issued for the vehicle, which may come with an expiry date. However, this system has its own
loopholes—the system only checks for the emissions on the date of the test, not in between the two
test dates. Also, the data is not under load conditions, which might change according to the age and
condition of the vehicle. Besides, many factors like engine-tuning, adulteration of fuel, etc might
increase the pollution temporarily and may move it to an unacceptable level.



Instead, we can have some mechanism in place which would signal the real-time pollution level data of
the vehicle to the owner/driver and also, if required, to the monitoring and controlling authority (via
wireless communication). This way, we can implement a rather strict pollution check regime.

In such a case, there might not be any need for regular pollution checks and issuance of vehicle fitness
certificates. The authority may take appropriate action against repetitively defaulting vehicle/owners.
This would ensure better upkeep of the vehicles and as a result, good upkeep of the environment! The
rest of this article deals with the technical implementation of the above mentioned system/regime.

Proposed solution architecture

The basic blocks required for above mentioned real-time monitoring mechanism include: Profiling of the
exhaust gases, conversion of this data into digital form, storing and processing the data, display of the
result, and transmission of the data. Each of these blocks works together to generate the desired results.
The micro-level architecture of the proposed solution is shown below. Discussion of the operation of the
above mentioned blocks follows.

Pawer Train MCL!

Power Traln Charactaristics

ADC
ADC
Auto-Exhaust
ADC
Display
Unit
ADC
MCL

Profiling the exhaust gases

An array of sensors can be used to sense the amount of various components of the exhaust. These
sensors would be giving real-time information of the exhaust components such as carbon monoxide,
nitrous oxide, etc. The sensors can give either digital output or analog output.

If sensors with digital outputs are used, then they can be interfaced with some timer module of the MCU
(microcontroller) to quantify the output. In case the sensors are of the analog output type, then the next
mentioned block (converter, next page) would be used to make the output usable by the MCU.

Another alternative could be to use the data from the engine control and management unit (ECMU).
This information could serve to replace the network of sensors. However, this method may suffer from
relative inaccuracy because sensors directly sense the exhaust, and thus are able to give more accurate
results as compared to the ECMU data. But again, that statement is based upon the assumption that the



array would give fairly accurate results and the fact that the array would be sitting right at the exhaust,
sensing the real-time information.

Data conversion, storage, and processing and display controllers

Converting analog data to digital format

To enable the sensors’ data to be processed by the MCUs, one needs to convert this data into digital
format. ADCs (analog-to-digital converters) can be used to convert the sensors’ output into digital
format, making it easier for the processing unit to store and process it.

Given the type of application, one would not require constant or very frequent exhaust-profile data
gathering. Therefore, one can easily multiplex various sensors’ outputs on one or two ADCs so that each
of them could be sampled one-by-one, therefore, saving the BOM (bill of material) of the solution.

One may also use those intervals when the MCU is not very active or when its ADCs are free to sample
the sensors’ output so that effective cost of the overall solution might be reduced. This way, data would
be available as and when the core is free to process the data, on a lower priority basis. This way, higher
MCU throughput can also be achieved.

For such a system, the overall accuracy of the solution would be heavily dependent upon the sensors
accuracy and the performance of the ADCs.

Storage and processing unit

The storage and processing unit also becomes very important for systems which would be catering to
this proposed solution on as-and-when-free basis. This approach would require one to have a processor
of good processing speed and able to support various MAC (multiply and accumulate)/DSP instructions
to quickly manipulate the pool of data required for this solution (which also includes data coming in
from the power-train MCU giving the engine loading information).

Another point to note is that the pollution control and monitoring application is an additional feature
being extracted out of almost the same already-being-used hardware. Therefore, this application would
be sharing its memory space with the already existing applications. As a result, there would be an
additional demand for memory to meet all the requirements.

Now adding such functions to the ‘as-and-when-free’ model of the application, one may be required to
be more stringent with the access speed of the memory and more liberal with the on-chip memory. A
situation may also arise where the on-chip memory is not sufficient for the needs of the overall system.
Therefore, depending upon the already existing application requirement of the memory and the size of
the data to be stored by the pollution control and monitoring unit, one may require additional amount
of memory or interface for external memory along with fast access speed.

Without fast memory access, the whole calculations and report-generation may become a very slow
operation. However, techniques like data pre-fetch from such an external memory might be able to
overcome such limitations to a reasonable extent.

Display controllers
Display controllers are required to transmit data to the automobile dashboard/cluster so that the driver
could take appropriate action. For example, if the pollution increased due to over-loading, the same can



be calculated using the data from the power-train MCU and displayed as a flag on the cluster so that
loading could be decreased (see below). This visual sharing of information can be achieved in two
ways—on-chip display drivers or interfacing this MCU with an external display controller using
communication peripherals like 12C, SPI, SCI, Flexbus, Ethernet, USB, etc.
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Part 2 of this series discusses communications between the emissions monitoring system and the driver,
the sensor array, and future challenges.
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