
VOLUME NO. 2 (2012), ISSUE NO. 1 (JANUARY)  ISSN 2231-1009 

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories 

Indexed & Listed at:  
Ulrich's Periodicals Directory ©, ProQuest, U.S.A., EBSCO Publishing, U.S.A., Index Copernicus Publishers Panel, Poland,  

Open J-Gage, India [link of the same is duly available at Inflibnet of University Grants Commission (U.G.C.)]  
as well as in Cabell’s Directories of Publishing Opportunities, U.S.A. 

Circulated all over the world & Google has verified that scholars of more than Hundred & Twenty One countries/territories are visiting our journal on regular basis. 

Ground Floor, Building No. 1041-C-1, Devi Bhawan Bazar, JAGADHRI – 135 003, Yamunanagar, Haryana, INDIA 

www.ijrcm.org.in 

    



 VOLUME NO. 2 (2012), ISSUE NO. 1 (JANUARY)  ISSN 2231-1009 

INTERNATIONAL JOURNAL OF RESEARCH IN COMPUTER APPLICATION & MANAGEMENT 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories 

 www.ijrcm.org.in  

ii

CONTENTSCONTENTSCONTENTSCONTENTS    
Sr. 

No. TITLE & NAME OF THE AUTHOR (S) Page No. 

1. ANTECEDENTS OF NON-GOVERNMENTAL ORGANIZATIONS’ EFFECTIVENESS 

DR. M.S.A. MAHALINGA SHIVA, DR. DAMODAR SUAR & DR. SANTANU ROY 

1 

2. CRITICISING THE IMPLEMENTATION OF THE SERVQUAL MODEL IN GENERIC INDUSTRIES 

TAMEEM AL BASSAM & SARMAD AL SHAWI 

9 

3. TOWARDS A MODEL FOR ENHANCING CONSUMER TRUST IN AN ONLINE ENVIRONMENT 

PRIYANKA MEHARIA, BISWAJIT PANJA & JUAN HU 

14 

4. A RESEARCH STUDY ON ORGANIZATIONAL CULTURE IN COMMERCIAL BANKS (A CASE OF SELECTED BANKS IN HAWASSA 

CITY OF ETHIOPIA) 

DR. BREHANU BORJI & DR. ARAVIND SOUDIKAR 

19 

5. THE IMPACT OF MICRO FACTOR OPPORTUNITY ON ENTRAPRENEURIAL SUCCESS OF SMES – A CASE STUDY ON 

COMMERCIAL FAST FOOD SMES 

DR. ANSIR A. RAJPUT, WASEEM AHMED, SYED JEHANZEB JAVED & SEHRISH JEHANGIR 

25 

6. ANALYSIS OF INFORMATION AND COMMUNICATION TECHNOLOGY (ICT) ADOPTION/USE FACTORS AMONG RWANDAN 

COMMERCIAL BANKS 

MACHOGU, M. ABIUD & DR. EGWAKHE, A. JOHNSON 

30 

7. A STUDY ON IDENTIFICATION OF CONTEXTUAL KEY FACTORS IN PERFORMANCE APPRAISAL IN PUBLIC SECTOR 

ENTERPRISES IN INDIA 

DR. KAIPA RAGHURAM SHASTHRY & DR.VIMALA SANJEEVKUMAR 

35 

8. GROWTH AND PERFORMANCE OF HOUSING FINANCE COMPANIES IN INDIA: A CASE STUDY WITH REFERENCE TO HOUSING 

DEVELOPMENT FINANCE CORPORATION 

DR. D. GURUSWAMY 

40 

9. TRAVEL MOTIVATIONS AND DESTINATION SELECTION: A CRITIQUE 

W.K. ATHULA GNANAPALA 

49 

10. ROLE OF INFORMATION TECHNOLOGY IN BUSINESS 

DR. R. KARUPPASAMY & C. ARUL VENKADESH 

54 

11. ASSESSMENT OF SERVICES OF TEACHING HOSPITALS IN THE CHANGING GLOBAL SCENARIO 

ARCHANA MISHRA & DR. RITU BHATTACHARYYA 

58 

12. PROVOCATIVE SELLING TECHNIQUE AT THE BOTTOM OF THE PYRAMID IN A RECESSIONARY SITUATION: STUDY ON 

UNIFORM MANUFACTURING INDUSTRY - IN AND AROUND KOLKATA 

BHUDHAR RANJAN CHATTERJEE & SUKANYA CHATTERJEE 

63 

13. CONSUMER BEHAVIOUR TOWARDS SMALL CARS - A CASE STUDY OF NALGONDA DISTRICT IN A. P. 

DR. G. RAMA KRISHNA, D.K. PRATHIBHA, S. DESE NAIK & A. RAMA CHANDRAIAH 

67 

14. A STUDY ON THE BARRIERS AFFECTING THE GROWTH OF SMALL AND MEDIUM ENTERPRISES IN INDIA 

DR. KRISHNAVENI MUTHIAH & SUDHA VENKATESH 

77 

15. A MEDICAL IMAGE COMPRESSION TECHNIQUE 

K. S. SELVANAYAKI & DR. RM. SOMASUNDARAM 

82 

16. HIGH ENGAGEMENT & LOW ATTRITION – A STUDY OF THE TELECOM INDUSTRY IN INDIA 

LRK KRISHNAN & DR. A SETHURAMASUBBIAH 

85 

17. ANALYTICAL STUDY ON EMPLOYEE SATISFACTION [CASE STUDY OF GAMMON INDIA LTD. (T & D BUSINESS), MIDC, 

BUTIBORI, NAGPUR] 

DR. SHINEY CHIB 

96 

18. INNOVATION IN HIGHER EDUCATION ADMINISTRATION THROUGH ICT 

J. MEENAKUMARI 

104 

19. THE IMPACT OF WORKING CAPITAL MANAGEMENT ON PROFITABILITY: EVIDENCE FROM SUGAR INDUSTRY IN INDIA 

GOPINATHAN RADHIKA & DR. RAMACHANDRAN AZHAGAIAH 

107 

20. A STUDY ON MOBILE PAYMENT SYSTEMS AND SERVICES 

CHANDRAKANT D. PATEL 

113 

21. SERVICE QUALITY IN HIGHER EDUCATION 

DR. NARINDER TANWAR 

118 

22. CONSUMER BUYING BEHAVIOUR ON MOBILE PHONE: A COMPARATIVE STUDY 

ANIL KUMAR 

122 

23. EVALUATING FINANCIAL HEALTH OF DR. REDDY’S LABORATORIES THROUGH ‘Z’ SCORE THEORY- A CASE STUDY 

DR. SHITAL P. VEKARIYA 

128 

24. EFFECT OF BARRIERS IN CREATION OF KNOWLEDGE 

VIDYA L.HULKUND 

131 

25. THE ELECTRONIC-NOSE TECHNOLOGIES IN HEALTHCARE AND BIOMEDICINE: A CASE STUDY 

M.NAVEEN KUMAR 

134 

 REQUEST FOR FEEDBACK 138 



 VOLUME NO. 2 (2012), ISSUE NO. 1 (JANUARY)  ISSN 2231-1009 

INTERNATIONAL JOURNAL OF RESEARCH IN COMPUTER APPLICATION & MANAGEMENT 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories 

 www.ijrcm.org.in  

iii

CHIEF PATRONCHIEF PATRONCHIEF PATRONCHIEF PATRON 
PROF. K. K. AGGARWAL 

Chancellor, Lingaya’s University, Delhi 

Founder Vice-Chancellor, Guru Gobind Singh Indraprastha University, Delhi 

Ex. Pro Vice-Chancellor, Guru Jambheshwar University, Hisar 

    
PATRONPATRONPATRONPATRON    

SH. RAM BHAJAN AGGARWAL 

Ex. State Minister for Home & Tourism, Government of Haryana 

Vice-President, Dadri Education Society, Charkhi Dadri 

President, Chinar Syntex Ltd. (Textile Mills), Bhiwani 

    
COCOCOCO----ORDINATORORDINATORORDINATORORDINATOR 

MOHITA 

Faculty, Yamuna Institute of Engineering & Technology, Village Gadholi, P. O. Gadhola, Yamunanagar 

    
ADVISORSADVISORSADVISORSADVISORS 

DR. PRIYA RANJAN TRIVEDI 

Chancellor, The Global Open University, Nagaland 

PROF. M. S. SENAM RAJU 

Director A. C. D., School of Management Studies, I.G.N.O.U., New Delhi 

PROF. S. L. MAHANDRU 

Principal (Retd.), Maharaja Agrasen College, Jagadhri 

    
EDITOREDITOREDITOREDITOR 

PROF. R. K. SHARMA 

Professor, Bharti Vidyapeeth University Institute of Management & Research, New Delhi 

    
COCOCOCO----EDITOREDITOREDITOREDITOR 

MOHITA 

Faculty, Yamuna Institute of Engineering & Technology, Village Gadholi, P. O. Gadhola, Yamunanagar 

    
EDITORIAL ADVISORY BOARDEDITORIAL ADVISORY BOARDEDITORIAL ADVISORY BOARDEDITORIAL ADVISORY BOARD    

DR. RAJESH MODI 

Faculty, Yanbu Industrial College, Kingdom of Saudi Arabia 

PROF. PARVEEN KUMAR 

Director, M.C.A., Meerut Institute of Engineering & Technology, Meerut, U. P. 

PROF. H. R. SHARMA 

Director, Chhatarpati Shivaji Institute of Technology, Durg, C.G. 

PROF. MANOHAR LAL 

Director & Chairman, School of Information & Computer Sciences, I.G.N.O.U., New Delhi 

PROF. ANIL K. SAINI 

Chairperson (CRC), Guru Gobind Singh I. P. University, Delhi 

PROF. R. K. CHOUDHARY 

Director, Asia Pacific Institute of Information Technology, Panipat 

DR. ASHWANI KUSH 

Head, Computer Science, University College, Kurukshetra University, Kurukshetra 



 VOLUME NO. 2 (2012), ISSUE NO. 1 (JANUARY)  ISSN 2231-1009 

INTERNATIONAL JOURNAL OF RESEARCH IN COMPUTER APPLICATION & MANAGEMENT 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories 

 www.ijrcm.org.in  

iv

DR. BHARAT BHUSHAN 

Head, Department of Computer Science & Applications, Guru Nanak Khalsa College, Yamunanagar 

DR. VIJAYPAL SINGH DHAKA 

Head, Department of Computer Applications, Institute of Management Studies, Noida, U.P. 

DR. SAMBHAVNA 

Faculty, I.I.T.M., Delhi 

DR. MOHINDER CHAND 

Associate Professor, Kurukshetra University, Kurukshetra 

DR. MOHENDER KUMAR GUPTA 

Associate Professor, P. J. L. N. Government College, Faridabad 

DR. SAMBHAV GARG 

Faculty, M. M. Institute of Management, Maharishi Markandeshwar University, Mullana 

DR. SHIVAKUMAR DEENE 

Asst. Professor, Government F. G. College Chitguppa, Bidar, Karnataka 

DR. BHAVET 

Faculty, M. M. Institute of Management, Maharishi Markandeshwar University, Mullana 

    
ASSOCIATE EDITORSASSOCIATE EDITORSASSOCIATE EDITORSASSOCIATE EDITORS 

PROF. ABHAY BANSAL 

Head, Department of Information Technology, Amity School of Engineering & Technology, Amity University, Noida 

PROF. NAWAB ALI KHAN 

Department of Commerce, Aligarh Muslim University, Aligarh, U.P. 

DR. ASHOK KUMAR 

Head, Department of Electronics, D. A. V. College (Lahore), Ambala City 

ASHISH CHOPRA 

Sr. Lecturer, Doon Valley Institute of Engineering & Technology, Karnal 

SAKET BHARDWAJ 

Lecturer, Haryana Engineering College, Jagadhri 

    
TECHNICAL ADVISORSTECHNICAL ADVISORSTECHNICAL ADVISORSTECHNICAL ADVISORS    

AMITA 

Faculty, Government M. S., Mohali 

MOHITA 

Faculty, Yamuna Institute of Engineering & Technology, Village Gadholi, P. O. Gadhola, Yamunanagar 

    
FINANCIAL ADVISORSFINANCIAL ADVISORSFINANCIAL ADVISORSFINANCIAL ADVISORS    

DICKIN GOYAL 

Advocate & Tax Adviser, Panchkula 

NEENA 

Investment Consultant, Chambaghat, Solan, Himachal Pradesh 

    
LEGAL ADVISORSLEGAL ADVISORSLEGAL ADVISORSLEGAL ADVISORS    

JITENDER S. CHAHAL 

Advocate, Punjab & Haryana High Court, Chandigarh U.T. 

CHANDER BHUSHAN SHARMA 

Advocate & Consultant, District Courts, Yamunanagar at Jagadhri 

 
SUPERINTENDENTSUPERINTENDENTSUPERINTENDENTSUPERINTENDENT    

SURENDER KUMAR POONIA 



 VOLUME NO. 2 (2012), ISSUE NO. 1 (JANUARY)  ISSN 2231-1009 

INTERNATIONAL JOURNAL OF RESEARCH IN COMPUTER APPLICATION & MANAGEMENT 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories 

 www.ijrcm.org.in  

v

CALL FOR MANUSCRIPTSCALL FOR MANUSCRIPTSCALL FOR MANUSCRIPTSCALL FOR MANUSCRIPTS    
We invite unpublished novel, original, empirical and high quality research work pertaining to recent developments & practices in the area of 

Computer, Business, Finance, Marketing, Human Resource Management, General Management, Banking, Insurance, Corporate Governance 

and emerging paradigms in allied subjects like Accounting Education; Accounting Information Systems; Accounting Theory & Practice; Auditing; 

Behavioral Accounting; Behavioral Economics; Corporate Finance; Cost Accounting; Econometrics; Economic Development; Economic History; 

Financial Institutions & Markets; Financial Services; Fiscal Policy; Government & Non Profit Accounting; Industrial Organization; International 

Economics & Trade; International Finance; Macro Economics; Micro Economics; Monetary Policy; Portfolio & Security Analysis; Public Policy 

Economics; Real Estate; Regional Economics; Tax Accounting; Advertising & Promotion Management; Business Education; Business Information 

Systems (MIS); Business Law, Public Responsibility & Ethics; Communication; Direct Marketing; E-Commerce; Global Business; Health Care 

Administration; Labor Relations & Human Resource Management; Marketing Research; Marketing Theory & Applications; Non-Profit 

Organizations; Office Administration/Management; Operations Research/Statistics; Organizational Behavior & Theory; Organizational 

Development; Production/Operations; Public Administration; Purchasing/Materials Management; Retailing; Sales/Selling; Services; Small 

Business Entrepreneurship; Strategic Management Policy; Technology/Innovation; Tourism, Hospitality & Leisure; Transportation/Physical 

Distribution; Algorithms; Artificial Intelligence; Compilers & Translation; Computer Aided Design (CAD); Computer Aided Manufacturing; 

Computer Graphics; Computer Organization & Architecture; Database Structures & Systems; Digital Logic; Discrete Structures; Internet; 

Management Information Systems; Modeling & Simulation; Multimedia; Neural Systems/Neural Networks; Numerical Analysis/Scientific 

Computing; Object Oriented Programming; Operating Systems; Programming Languages; Robotics; Symbolic & Formal Logic and Web Design. 

The above mentioned tracks are only indicative, and not exhaustive. 

Anybody can submit the soft copy of his/her manuscript anytime in M.S. Word format after preparing the same as per our submission 

guidelines duly available on our website under the heading guidelines for submission, at the email addresses: infoijrcm@gmail.com or 

info@ijrcm.org.in. 

GUIDELINES FOGUIDELINES FOGUIDELINES FOGUIDELINES FOR SUBMISSION OF MANUSCRIPTR SUBMISSION OF MANUSCRIPTR SUBMISSION OF MANUSCRIPTR SUBMISSION OF MANUSCRIPT    

1. COVERING LETTER FOR SUBMISSION: 

DATED: _____________ 

THE EDITOR 

IJRCM 

Subject:  SUBMISSION OF MANUSCRIPT IN THE AREA OF                                                                                                                . 

 (e.g. Finance/Marketing/HRM/General Management/Economics/Psychology/Law/Computer/IT/Engineering/Mathematics/other, please specify) 

DEAR SIR/MADAM 

Please find my submission of manuscript entitled ‘___________________________________________’ for possible publication in your journals. 

I hereby affirm that the contents of this manuscript are original. Furthermore, it has neither been published elsewhere in any language fully or partly, nor is it 

under review for publication elsewhere. 

I affirm that all the author (s) have seen and agreed to the submitted version of the manuscript and their inclusion of name (s) as co-author (s). 

Also, if my/our manuscript is accepted, I/We agree to comply with the formalities as given on the website of the journal & you are free to publish our 

contribution in any of your journals. 

NAME OF CORRESPONDING AUTHOR: 

Designation: 

Affiliation with full address, contact numbers & Pin Code: 

Residential address with Pin Code: 

Mobile Number (s): 

Landline Number (s):  

E-mail Address: 

Alternate E-mail Address: 

NOTES: 

a) The whole manuscript is required to be in ONE MS WORD FILE only (pdf. version is liable to be rejected without any consideration), which will start from 

the covering letter, inside the manuscript. 

b) The sender is required to mention the following in the SUBJECT COLUMN of the mail:  

New Manuscript for Review in the area of (Finance/Marketing/HRM/General Management/Economics/Psychology/Law/Computer/IT/ 

Engineering/Mathematics/other, please specify) 

c) There is no need to give any text in the body of mail, except the cases where the author wishes to give any specific message w.r.t. to the manuscript. 

d) The total size of the file containing the manuscript is required to be below 500 KB. 

e) Abstract alone will not be considered for review, and the author is required to submit the complete manuscript in the first instance. 

f) The journal gives acknowledgement w.r.t. the receipt of every email and in case of non-receipt of acknowledgment from the journal, w.r.t. the submission 

of manuscript, within two days of submission, the corresponding author is required to demand for the same by sending separate mail to the journal. 

2. MANUSCRIPT TITLE: The title of the paper should be in a 12 point Calibri Font. It should be bold typed, centered and fully capitalised. 

3. AUTHOR NAME (S) & AFFILIATIONS: The author (s) full name, designation, affiliation (s), address, mobile/landline numbers, and email/alternate email 

address should be in italic & 11-point Calibri Font. It must be centered underneath the title. 

4. ABSTRACT: Abstract should be in fully italicized text, not exceeding 250 words. The abstract must be informative and explain the background, aims, methods, 

results & conclusion in a single para. Abbreviations must be mentioned in full. 



 VOLUME NO. 2 (2012), ISSUE NO. 1 (JANUARY)  ISSN 2231-1009 

INTERNATIONAL JOURNAL OF RESEARCH IN COMPUTER APPLICATION & MANAGEMENT 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories 

 www.ijrcm.org.in  

vi

5. KEYWORDS: Abstract must be followed by a list of keywords, subject to the maximum of five. These should be arranged in alphabetic order separated by 

commas and full stops at the end. 

6. MANUSCRIPT: Manuscript must be in BRITISH ENGLISH prepared on a standard A4 size PORTRAIT SETTING PAPER. It must be prepared on a single space and 

single column with 1” margin set for top, bottom, left and right. It should be typed in 8 point Calibri Font with page numbers at the bottom and centre of every 

page. It should be free from grammatical, spelling and punctuation errors and must be thoroughly edited. 

7. HEADINGS: All the headings should be in a 10 point Calibri Font. These must be bold-faced, aligned left and fully capitalised. Leave a blank line before each 

heading. 

8. SUB-HEADINGS: All the sub-headings should be in a 8 point Calibri Font. These must be bold-faced, aligned left and fully capitalised.  

9. MAIN TEXT: The main text should follow the following sequence: 

 INTRODUCTION 

 REVIEW OF LITERATURE 

 NEED/IMPORTANCE OF THE STUDY 

 STATEMENT OF THE PROBLEM 

 OBJECTIVES 

 HYPOTHESES 

 RESEARCH METHODOLOGY 

 RESULTS & DISCUSSION 

 FINDINGS 

 RECOMMENDATIONS/SUGGESTIONS   

 CONCLUSIONS 

 SCOPE FOR FURTHER RESEARCH 

 ACKNOWLEDGMENTS 

 REFERENCES 

 APPENDIX/ANNEXURE 

 It should be in a 8 point Calibri Font, single spaced and justified. The manuscript should preferably not exceed 5000 WORDS. 

10. FIGURES &TABLES: These should be simple, centered, separately numbered & self explained, and titles must be above the table/figure. Sources of data should 

be mentioned below the table/figure. It should be ensured that the tables/figures are referred to from the main text. 

11. EQUATIONS: These should be consecutively numbered in parentheses, horizontally centered with equation number placed at the right. 

12. REFERENCES: The list of all references should be alphabetically arranged. The author (s) should mention only the actually utilised references in the preparation 

of manuscript and they are supposed to follow Harvard Style of Referencing. The author (s) are supposed to follow the references as per the following: 

• All works cited in the text (including sources for tables and figures) should be listed alphabetically.  

• Use (ed.) for one editor, and (ed.s) for multiple editors.  

• When listing two or more works by one author, use --- (20xx), such as after Kohl (1997), use --- (2001), etc, in chronologically ascending order. 

• Indicate (opening and closing) page numbers for articles in journals and for chapters in books.  

• The title of books and journals should be in italics. Double quotation marks are used for titles of journal articles, book chapters, dissertations, reports, working 

papers, unpublished material, etc. 

• For titles in a language other than English, provide an English translation in parentheses.  

• The location of endnotes within the text should be indicated by superscript numbers. 

 

PLEASE USE THE FOLLOWING FOR STYLE AND PUNCTUATION IN REFERENCES: 

BOOKS 

• Bowersox, Donald J., Closs, David J., (1996), "Logistical Management." Tata McGraw, Hill, New Delhi.  

• Hunker, H.L. and A.J. Wright (1963), "Factors of Industrial Location in Ohio" Ohio State University, Nigeria.  

CONTRIBUTIONS TO BOOKS  

• Sharma T., Kwatra, G. (2008) Effectiveness of Social Advertising: A Study of Selected Campaigns, Corporate Social Responsibility, Edited by David Crowther & 

Nicholas Capaldi, Ashgate Research Companion to Corporate Social Responsibility, Chapter 15, pp 287-303. 

JOURNAL AND OTHER ARTICLES  

• Schemenner, R.W., Huber, J.C. and Cook, R.L. (1987), "Geographic Differences and the Location of New Manufacturing Facilities," Journal of Urban Economics, 

Vol. 21, No. 1, pp. 83-104. 

CONFERENCE PAPERS  

• Garg, Sambhav (2011): "Business Ethics" Paper presented at the Annual International Conference for the All India Management Association, New Delhi, India, 

19–22 June. 

UNPUBLISHED DISSERTATIONS AND THESES  

• Kumar S. (2011): "Customer Value: A Comparative Study of Rural and Urban Customers," Thesis, Kurukshetra University, Kurukshetra. 

ONLINE RESOURCES  

• Always indicate the date that the source was accessed, as online resources are frequently updated or removed.  

WEBSITE  

• Garg, Bhavet (2011): Towards a New Natural Gas Policy, Political Weekly, Viewed on January 01, 2012 http://epw.in/user/viewabstract.jsp 



 VOLUME NO. 2 (2012), ISSUE NO. 1 (JANUARY)  ISSN 2231-1009 

INTERNATIONAL JOURNAL OF RESEARCH IN COMPUTER APPLICATION & MANAGEMENT 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories 

 www.ijrcm.org.in  

134

THE ELECTRONIC-NOSE TECHNOLOGIES IN HEALTHCARE AND BIOMEDICINE: A CASE STUDY 
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ABSTRACT 
This paper reviews the range of sensors used in electronic nose (e-nose) systems to date. It outlines the operating principles and fabrication methods of each 

sensor type as well as the applications in which the different sensors have been utilized. It also outlines the advantages and disadvantages of each sensor for 

application in a cost-effective low-power handheld e-nose system. 

 

KEYWORDS 
Sensors, Gases. 

 

INTRODUCTION 
here have been many developments in electronics to create real life environments with respect to sight and sound. But there are three other significant 

senses- smells, touch and taste which have not been experimented much with. The sensor technology of artificial olfaction had its beginnings with the 

invention of the first gas multi sensor array in 1982. Advances in aroma-sensor technology, electronics, biochemistry and artificial intelligence made it 

possible to develop devices capable of measuring and characterizing volatile aromas released from a multitude of sources for numerous applications. These 

devices, known as electronic noses. 

Electronic nose is being developed for military and homeland security applications in the detection of explosives and hazardous chemicals. Currently, many 

explosives are found by dogs and other animals with highly sensitive olfactory senses. Developing an efficient hand-held device has been a challenge because 

volatile explosive vapours found in large open spaces are present at low concentrations that range from parts per billion or even parts per trillion. Bomb 

detectors might not be very good than electronic noses because they are blind to many important environmental and olfactory chemicals. However, the 

diversity of today’s terrorist threats (explosive, chemical, and biological) makes it increasingly apparent that there is a role for electronic noses with the ability to 

quickly learn and recognize threat vapours of any kind. Electronic noses are best used as investigative rather than screening tools 

A few smell-sensing instruments had been proposed in narrow applications earlier in the 1960’s. Moncrief developed one of the first smell detection 

instruments in 1961 for agricultural application, where he used a single coated thermistor as the smell sensor. In 1964, Wilkens and Hartmen developed a smell 

detector where an array of smell detectors was used. It was in late 1980’s that the first intelligent electronic smelling system came into being. Researchers in the 

University of Warwick in Coventry, England, developed sensor arrays for odour detection. Pattern recognition techniques were used by Gardner to discriminate 

the output of electronic smell sensors. Hartfield described an integrated circuit based device that performs data acquisition from a miniature array of 32 

conducting polymer gas sensors. David and Gardner designed a circuit capable of measuring signals from arrays of resistive and piezoelectric sensor types in the 

same board  

Electronic noses were originally used for quality control applications in the food, beverage and cosmetics industries. Current applications include detection of 

hazardous chemicals and explosives, detection of odours specific to diseases for medical diagnosis, and detection of pollutants and gas leaks for environmental 

protection. The Warwick pioneers envisioned an electronic equivalent of the mammalian olfactory system and so even though it doesn’t resemble its biological 

counterpart the least bit, the label ‘electronic nose’ or ‘E nose’ has been widely adopted. 

Artificial noses have been around for more than 20 years. These devices typically consist of arrays of chemical sensors that respond to odorant molecules. Each 

sensor responds slightly differently to a given odor, and taken together, the sensors give an “odor fingerprint”—a characteristic response pattern, such as a 

series of colors to each odor. 

Most of these devices have been able to identify and distinguish only between specific odors they've previously been trained to recognize, however, says 

neuroscientist Rafi Haddad of the Weizmann Institute of Science in Rehovot, Israel. If an artificial nose is ever to replace the real thing, he says, it will have to be 

able to classify odors it has never encountered before 

Electronic noses use almost the same sample delivery and transfer techniques as gas-chromatography systems, but do not include columns or mass 

spectrometers, Warburton says. Chemical detection in most electronic noses is performed using a series of sensors, predominantly comprised of conducting-

polymer, metal-oxide, and infrared sensors. 

"This kind of technology can be used around the clock to analyze odor quality and can be operated by technicians who have much less training than those who 

operate gas-chromatography systems," says Aaron Kramer, project manager for Nordic Sensor Technologies AB, Linkoping, Sweden. Electronic nose systems are 

also more affordable than most GC/MS systems. 

Despite these benefits, electronic nose systems are not designed to replace standard analysis systems. "When the electronic nose detects a problem or quality 

deviation, researchers will still need to perform traditional chemistry methods with GC/MS to learn what is causing the problem," Kramer says. 

The term "electronic nose" is a bit of a misnomer and has found varied acceptance within the field. Some companies, including Nordic Sensor Technologies AB, 

are trying to abandon it because the technology does not simulate the exact function of a human nose. 

The human nose has been used as an analytical tool in many industries to measure the quality of food, drinks, perfumes and also cosmetic and chemical 

products. It is commonly used for assessing quality through odour and this is carried out using sensory panels where a group of people fills out questionnaires on 

the smells associated with the substance being analysed. These sensory panels are extremely subjective as human smell assessment is affected by many factors. 

Individual variations occur and may be affected by physical and mental health as well as fatigue (Pearce et al., 2003). For this reason, gas chromatography and 

mass spectrometry have been employed to aid human panels to assess the quality of products through odour evaluation and identification and also to obtain 

more consistent results. However, these assistive techniques are not portable, they tend to be expensive and their performance is relatively slow. 

The solution to the shortcomings of sensory panels and the associated analytical techniques is the electronic nose (e-nose). E-nose systems utilize an array of 

sensors to give a fingerprint response to a given odour, and pattern recognition software then performs odour identification and discrimination. The e-nose is a 

cost-effective solution to the problems associated with sensory panels and with chromatographic and mass-spectrometric techniques and can accommodate 

real time performance in the field when implemented in portable form. 

The development and utilization of many new electronic-nose (e-nose) applications in the healthcare and biomedical fields have continued to rapidly accelerate 

over the past 20 years. Innovative e-nose technologies are providing unique solutions to a diversity of complex problems in biomedicine that are now coming to 

fruition. A wide range of electronic-nose instrument types, based on different operating principles and mechanisms, has facilitated the creation of different 

types and categories of medical applications that take advantage of the unique strengths and advantages of specific sensor types and sensor arrays of different 

individual instruments.  

Electronic-nose applications have been developed for a wide range of healthcare sectors including diagnostics, immunology, pathology, patient recovery, 

pharmacology, physical therapy, physiology, preventative medicine, remote healthcare, and wound and graft healing. E-nose biomedical applications range from 

T
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biochemical testing, blood compatibility, disease diagnoses, drug purity, monitoring metabolic levels, organ dysfunction, and telemedicine. This review 

summarizes some of the key technological developments of electronic-nose technologies, arising from past and recent biomedical research, and identifies a 

variety of future e-nose applications currently under development which have great potential to advance the effectiveness and efficiency of biomedical 

treatments and healthcare services for many years.  

A concise synthesis of the major electronic-nose technologies developed for healthcare and medical applications since the 1980s is provided along with a 

detailed assessment and analysis of future potential advances in electronic aroma detection (EAD) technologies that will provide effective solutions to newly-

emerging problems in the healthcare industry. These new e-nose solutions will provide greatly improved quality controls for healthcare decisions and diagnoses 

as well as badly needed final confirmations of appropriate patient treatments. The purpose of this chapter is to provide some detailed insights into current and 

future e-nose applications that will yield a variety of new solutions to detection-related tasks and difficult problems in the fields of healthcare and biomedicine. 

The uses of electronic-noses for quality control (QC) and quality assurance (QA) issues, associated with numerous diagnostic testing activities conducted within 

the medical field, also are discussed. 

 

ELECTRONIC NOSE  
The electronic nose is a system that consists of three functional components that operate serially on an odorant sample-a sample handler, an array of gas 

sensors and a signal processing system. The output of the electronic nose can be the identity of the odorant, an estimate of the concentration of the odorant, or 

the characteristics properties of the odour as might be perceived by a human. 

ENS can be seen as arrays of-non specific sensors able to generate electrical signals in response to either simple or complex volatile compounds, and give 

through a suitable multi component analysis technique, the possibility of discrimination, recognition and classification of odours. The target compound, in 

gaseous form, is introduced into the sensing chamber where the sensors are exposed to the vapour. A variety of basic sensors can be used according to the nose 

strategy chosen. Some of them are sensitive to the mass of adsorbed species; others show sensitivities to electric charges while others are based on either 

surface or bulk conductivity changes due to chemically interactive materials  

These changes are dependent on a complex interaction between the components of the vapour and the sensors, as each sensor responds to a number of 

components in a unique manner. Each sensor in the array has different characteristics (e.g., coatings, operating temperatures, etc.) and, hence, each sensor will 

give a different electrical response (voltage output) for a particular odour. 

The pattern of response across all the sensors in the array is used to identify and/or characterise the odour. In electronic noses pattern recognition methods are 

required for the qualitative analysis of odours or of different compounds present in a certain mixture and multi component analysis methods are required for 

the quantitative determination of one or more compounds in a mixture. Commercially available analysis techniques fall into three main categories as follows:  

1. Graphical analyses: bar chart, profile, polar and offset polar plots 

2. Multivariate data analyses (MDA): principal component analysis (PCA) 

3. Network analyses: artificial neural network (ANN) and radial basis function (RBF)  

Experimental data are evaluated by a qualitative or quantitative link between output signals of an instrument and the chemical information (composition or 

concentration of analytes). This requires a comparison of the sensor outputs with previously recorded calibration data. When high concentrations of volatile are 

measured, a non-linear pattern recognition technique, such as ANN (Artificial Neural Networks), would be more appropriate.  

On a very simplified and abstract level, ANN is based on the cognitive process of the human brain. ANNs are a commonly used pattern recognition technique 

which attempt to mimic the biological processes of the human brain. 

 

COMPARISON OF ELECTRONIC NOSE WITH BIOLOGICAL NOSE 
Each and every part of the electronic nose is similar to human nose. The function of inhaling is done by the pump which leads the gas to the sensors. The gas 

inhaled by the pump is filtered which in the human is the mucus membrane. Next comes the sensing of the filtered gas, which will be done by the sensors i.e., 

olfactory epithelium in human nose. Now in electronic nose the chemical retain occurs which in human body is enzymal reaction. After this the cell membrane 

gets depolarised which is similar to the electric signals in the electronic nose. This gets transferred as nerve impulse through neurons i.e., neural network which 

is analogous to the electronic circuitries in the electronic nose. 

 

FIGURE 2.1: BIOLOGICAL AND ARTIFICIAL OLFACTION 

 
 

THE NEED OF ELECTRONIC NOSE 
Why do we have to electronify the nose? The human sniffers are costly when compared to electronic nose. It is because these people have to be trained. This is 

more time consuming than the construction of an electronic nose. Also the speedy, reliable new technology of the gas sensors in the electronic nose helps in the 

continuous real time monitoring of odour at specific sites in the field over hours, days, weeks or even months. An electronic nose also overcomes other 

problems associated with the human olfactory system.  For the confirmation of the values obtained from a sniffer the result obtained from the sniffer has to be 

compared with some other sniffer’s value. And here there are great chances of difference in the values got by each individual. Detection of hazardous or 

poisonous gas is not possible with a human sniffer. Thus taking into consideration all these cases of individual variability, adaptation (becoming less sensitive 

after prolonged periods of exposure), fatigue, infections, mental state and subjectivity we can say that electronic nose is highly efficient than human sniffer 
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Principle of operation of e-nose systems. The e-nose attempts to emulate the mammalian nose by using an array of sensors that can simulate mammalian 

olfactory responses to aromas.  

The odour molecules are drawn into the e-nose using sampling techniques such as headspace sampling, diffusion methods, bubblers or pre-concentrators. The 

odour sample is drawn across the sensor array and induces a reversible physical and/or chemical change in the sensing material, which causes an associated 

change in electrical properties, such as conductivity. Each “cell” in the array can behave like a receptor by responding to different odours to varying degrees. 

These changes are transduced into electrical signals, which are preprocessed and conditioned before identification by a pattern recognition system as shown in 

the below Figure. The e-nose system is designed so that the overall response pattern from the array is unique for a given odour in a family of odours to be 

considered by the system. 

The following figure shows the Comparison of the mammalian olfactory system and the e-nose system: 

 

APPLICATIONS OF ELECTRONIC NOSE 
The advent of the electronic nose has opened a variety of applications and new possibilities in many fields where the presence of odours is the relevant 

phenomenon. The biggest market for the electronic nose is the food industry including quality monitoring or grading of food, beverage and fruits, inspection of 

food packaging materials. There are also researches being done in using the electronic nose for disease diagnosis. An electronic nose can examine odours from 

the body (e.g., breath, wounds, body fluids, etc.) and identify possible problems. Electronic noses are found to be effective tools in environmental management. 

Applications include that analysis of fuel mixtures, detection of oil leaks, testing ground water for odours, and identification of household odours. Potential 

applications include identification of toxic wastes, air quality monitoring, and monitoring factory emissions. Applications include that analysis of fuel mixtures, 

detection of oil leaks, testing ground water for odours, and identification of household odours. Potential applications include identification of toxic wastes, air 

quality monitoring, and monitoring factory emissions. 

Others in the industry have generalized the term to pertain to all technologies that mimic the sense of smell through chemical fingerprinting, says Wayne Gagne, 

applications specialist with AromaScan, Hollis, N.H. 

Most systems that can be categorized as electronic noses create chemical footprints by analyzing sample headspace. The gaseous release generated by odorous 

samples is collected from equally sized samples over a period of time, Gagne says. Once odors are analyzed by an electronic nose, the chemical footprints are 

placed in a library and used as a comparison for other samples. 

"The machine doesn’t know what any odors are – you have to give it information to correlate chemical footprints with odors," Gagne says. "We are finding that 

these tools are particularly important for the polymer and food industries." 

Relatively new technologies, electronic noses have only been on the market for about a decade. Because of this, companies have spent a great deal of time over 

recent years educating clients about the need for their products. Worldwide, about seven companies are active in the market, and about as many are working to 

develop the technology, Warburton says. 

Some electronic noses can be combined with gas chromatographs to provide more exact descriptions of the chemicals that comprise specific odorants. Despite 

this enhanced capability, the instruments will not notice that odors are disagreeable to humans unless they are told which chemical footprints cause unpleasant 

smells. 

 

MEDICAL DIAGNOSTICS AND HEALTH MONITORING 
Modern medicine faces the problem and challenge of achieving effective disease diagnoses through early detections of disease conditions in order to facilitate 

the application of rapid treatments, but at the same time dramatically reducing the invasiveness of diagnostic treatments.  

Chemical analysis of human biological samples, such as breath, blood, urine, sweat and skin, are the most common means of diagnosing most pathological 

conditions. 

 

RESPIRATORY DISEASE DIAGNOSTICS 
It is well known that exhaled human breath contains thousands of volatile organic compounds (VOCs) in gas phase, which can individually be detected by gas 

chromatography and mass spectrometry. 

Such VOCs can potentially be used as non invasive biomarkers of various biochemical pathways that are operative in health and disease. Interestingly, it has 

been demonstrated that there is a link between exhaled VOC and human lung disease, in particular regarding lung cancer. An electronic nose has been 

developed that can diagnose respiratory infections such as pneumonia by comparing smell prints from the breath of a sick patient with those of patients with 

standardized readings. It is also being studied as a diagnostic tool for lung cancer. 

 

URINARY TRACT INFECTIONS 
Urinary tract infections have been thoroughly investigated by Di Natale, Aathithan and Pavlou proposed the use of the electronic nose as a potential diagnostic 

tool for patients affected with kidney diseases, by distinguishing traces of blood in urine samples, and for the rapid identification of E. coli, Proteus spp. and 

Staphylococcus spp. infections at very high levels of confidence. Aathithan analyzed 534 clinical urine specimens of which 21 % had significant bacteriuria 

indications. The sensitivity and specificity of the electronic nose compared with conventional cultural counts were 83.5% and 87.5% respectively, but the e-nose 

diagnoses were done at significantly lower costs.  

 

ENVIRONMENTAL MONITORING 
Environmental applications of electronic noses include analysis of fuel mixtures, detection of oil leaks, testing ground water for odours, and identification of 

household odours. Potential applications include identification of toxic wastes, air quality monitoring, and monitoring factory emissions. Air pollution and many 

different types of odours are common pollutants which require monitoring and quantification. The exhaust from automobiles and trucks is a very good example 

of environmental air pollution. Water pollution occurs where there are leaking fuel tanks or where spills have occurred and organics have entered the aquifers. 

Water pollution associated with rivers, lakes, and water aquifers represents approximately 60% of the world environmental problems. Because pollutants in 

water are volatile, water pollution can be measured simply by testing the headspace vapours above the water. 
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FOOD INDUSTRY 
Panels of well trained tasters and smellers are daily utilized to certify the goodness of foods and their fitting with the human taste. Therefore food analysis 

represents also a practical field where an electronic nose can be utilized as an essential support of the human capabilities. Analysis of fruit ripeness, food and 

beverage quality check, grading of wines, meat quality assessment etc are some of its major areas of application in this industry.  Electronic noses can be used to 

augment or replace panels of human experts. The Electronic nose has also been applied to both alcoholic and non-alcoholic beverages, for example in the 

identification of coffee bean types; instant coffee aromas during processing; the detection of diacetyl, dimethyl sulphide and amylacetates during fermentation.  
 

ANALYSIS OF FRUIT RIPENING 
Since fruit ripening is associated with an accumulation of aromatic volatiles during ripening for both climacteric and non climacteric fruit, electronic noses seem 

to hold a great potential in the fruit industry. Sensor signal used in the electronic nose helps to assess fruit quality and maturity. Using e noses to monitor fruit 

freshness and maturity level is advantageous as it can maximize profits and have better consumer satisfaction. Information from the noses can help in removal 

of rotten fruits at the appropriate time which can help in avoiding storage losses due to rots and fruit diseases. 
 

ANALYSIS OF MEAT QUALITY 
Meat, especially beef, reaches an acceptable state for consumption after a long period of storage at low temperature, a storage procedure known as aging. 

During storage, not only aging but also bacterial spoilage can occur. Consequently, to obtain appropriately aged meat, it is desirable to monitor the progress of 

aging and bacterial spoilage simultaneously. A direct sensing method for monitoring meat quality can be employed. The sensor is composed of an Ag/AgCl 

electrode and a platinum electrode on which putrescine oxidase or xanthine oxidase were immobilized to estimate bacterial spoilage or the progress of aging, 

respectively.  
 

ANALYSIS OF DAIRY PRODUCTS 
The shelf-life of milk also has been studied. A Fox 4000 electronic nose equipped with 18 sensors and an auto sampler was used to evaluate the growth of total 

bacteria in milk stored at ambient temperature and 5 °C. The results showed that measurements generated by the electronic nose could be used to detect both 

bacterial growth in milk and shelf-life. Gorgonzola and cottage cheese were characterized using polyperrole semiconductor sensors in the electronic noses. 
 

ADVANTAGES OF ELECTRONIC NOSE OVER BOMB DETECTORS 
A bomb detector is designed to answer the question, what something is not. For example, it is not a bomb. It provides little or no information on the identity of 

the object producing the odour or fragrance. Conversely an electronic nose answers the question what something is. For example, it is jet fuel. An electronic 

nose sees everything and misses nothing. A bomb detector is best used to detect trace amounts of explosives in the presence of high background chemical 

vapours. An electronic nose is best used to characterize and recognize objects by detecting the principal chemical components of the object’s aroma. An 

electronic nose is limited in its ability to detect trace levels of explosives or chemical weapons by its inherent and finite dynamic range. Its full sensitivity can be 

best used when there are no high-concentration background chemicals. Electronic noses have the ability to recognize an almost limitless number of chemical 

vapour threats while bomb/chemical agent detectors provide the ability to detect specific target chemicals at trace levels while not being affected by high 

ambient concentrations of non-target compounds. Electronic noses provide a different screening capability with inherently more information gathering power 

than bomb detectors and help to resolve ambiguities by using a library of aroma signatures. Therefore, an electronic nose would work well screening the 

relatively clean air of a commercial office building, military headquarters and other enclosed spaces such as a shipping container. 
 

CONCLUSION 
An “electronic nose” is a system originally created to mimic the function of an animal nose. However, this analytical instrument is more a “multi-sensor array 

technology” than a real “nose”. Whatever the sensor technology, it is still far from the sensitivity and selectivity of a mammalian nose. Therefore, its aim is not 

to totally replace either the human nose or other analytical methods. A sensory panel is necessary to define the desired product quality which can then be used 

to train the system. Traditional analytical methods such as GC-analysis will always be needed to determine qualitatively or/and quantitatively why one food 

sample differs from others. The “electronic nose” can only perform quick “yes or no” tests in comparison to other products. It could occasionally replace sensory 

analysis and even perform better than a sensory panel in routine work, or in cases where non-odorous or irritant gases need to be detected. 

Compared to classical and other novel analytical methods, the electronic nose built offers a cheap and non destructive instrument that (if properly programmed 

and automated) can be operated by non specialists.  

The number of measurements that can be done in a day compares favourably to other sophisticated methods, such as aromatic profile identification using 

chromatography (one of the newest approaches), and since the whole process is automatic, the cost of each measurement is very low. Therefore, in the near 

future, the electronic nose could be envisaged as a global measurement system calibrated for ripeness determination or a multi instrument system to extract 

the indicators for which it has been calibrated. 

Food analysis is a very complex discipline. Due to its strict interaction with the quality of life it is extremely important to improve the performances of the 

methods in the fields. EN seems to be a new instrument that can offer the unique advantage of providing fast and low expensive qualitative analysis of many 

kinds of foods. 

Further work needs to address important limitations. For example, a straightforward procedure should be devised to detect and correct sensor drift from year to 

year. Also, the initial calibration of the system for a given cultivar should take only a few measurements and be valid, at least, for some consecutive campaigns. 

Finally, the measurement cycle should be faster in order to increase throughput. All of these considerations are being studied and might imply the optimization 

of the sampling process, the use of more advanced processing algorithms, and the incorporation of new sensor technologies into the system. 
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