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Abstract—The cerebrum tumors, are the most widely 

recognized and forceful ailment, prompting an exceptionally 

short future in their most elevated evaluation. In this 

manner, treatment arranging is a key stage to improve the 

personal satisfaction of patients. For the most part, different 

picture strategies, for example, Computed Tomography, 

Magnetic Resonance Imaging and ultrasound picture are 

utilized to assess the tumor in a brain, lung, liver, bosom, 

prostate… and so forth. Particularly, right now pictures are 

utilized to analyzetumor in the brain. Anyway the gigantic 

measure of information created by MRI filter upsets manual 

grouping of tumor versus non-tumor in a specific time. Be 

that as it may, it having some restriction precise quantitative 

estimations is accommodated predetermined number of 

pictures. Thus trusted and programmed grouping plan are 

basic to forestall the demise pace of human. The 

programmed cerebrum tumor characterization is 

exceptionally testing task in enormous spatial and auxiliary 

inconstancy of encompassing area of brain tumor. Right 

now, cerebrum tumor discovery is proposed by utilizing CNN 

grouping. On the off chance that tumor is recognized 

framework ordered the tumor and passes on quiet the phase 

of tumor he is likely torment. 

Keywords—MRI, Brain tumor, CNN, feature extraction, 

classification 

I. INTRODUCTION 

Cerebrum tumor is one of the crucial organs in the human 

body, which comprises of billions of cells. The unusual 

gathering of cell is shaped from the uncontrolled division of 

cells, which is likewise called as tumor. Cerebrum tumor are 

partitioned into two kinds such poor quality and high 

evaluation tumor. Second rate brain tumor is called as kind. So 

also, the high evaluation tumor is likewise called as harmful. 

Considerate tumor isn't destructive tumor. Subsequently it 

doesn't spread different pieces of the brains. Anyway the 

harmful tumor is a malignant tumor. So it spreads quickly with 

inconclusive limits to other district of the body no problem at 

all. It prompts quick death.12  Cerebrum MRI picture is 

mostly used to identify the tumor and tumor progress 

demonstrating process. This data is basically utilized for tumor 

recognition and treatment forms. X-ray picture gives more 

data about given clinical picture than the CT or ultrasound  

picture. X-ray picture gives nitty gritty data about cerebrum 

structure and inconsistency recognition in brain tissue. All 

things considered, Scholars offered not at all like 

computerized strategies for cerebrum tumors finding and type 

inventoriing utilizing brain MRI pictures from when it got 

conceivable to sweep and cargo clinical pictures to the PC. 

Then again, NN and SVM are the typically utilized techniques 

for their great authorization over the latest few years.11 

However crisply, Deep Learning models fixed a blending 

pattern in AI as the underground engineering can productively 

speak to complex connections without requiring countless 

hubs like in the shallow structures KNN and 

SVM.Consequently, they developed rapidly to turn into the 

best in class in not at all like wellbeing informatics zones for 

instance clinical picture examination, clinical informatics and 

bioinformatics. A brain tumor is the irregular development of 

cells in the cerebrum. A brain tumor can be essential or 

auxiliary. An essential cerebrum tumor starts in the brain itself 

or tissues contiguous it, for example the cerebrum covering 

layers (meninges), cranial nerves, pituitary organ or pineal 

organ, while an optional brain tumor happens when 

malignancy cells from different organs like lung, kidney, 

bosom, and so forth spread to the cerebrum [1]. Essential brain 

tumor at first emerges as a result of the changes of their DNA. 

These changes permit the anomalous cell to develop and the 

ordinary cell passes on. It can cause cerebrum harm and in 
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ABSTRACT: Traditionally content based image retrieval is done by using text based approached that  is user have 

to query by metadata, name , context etc which is not very efficient and useful in the digital world to resolve this 

problem , the new approached is proposed that is visual based image retrieval by using the visual feature of the 

image like color, texture ,shape etc  this can be done by using different ways such as machine learning, deep 

learning by using CNN algorithm to extract the feature of the image and reduce the computational time as well as 

cost  . In this paper the different proposed system developed by different researcher used in CBIR is stated.  
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I. INTRODUCTION 

 
CBIR aims at obtaining images that are relevant to a query image from a large collection based on their visual 

content. Given the feature representations of the images to be searched and the query, the output of the CBIR 

procedure constitutes in a search in the feature space, in order to retrieve a ranked set of images in terms of a 

similarity to the query representation. A key issue concerning CBIR is to extract meaningful information from raw 

data in order to eliminate the so-called semantic-gap . The semantic-gap refers to the difference between the low 

level representations of images (i.e. pixels) and their higher level concepts (e.g. persons, objects, actions, etc.)[1]. To 

resolve this challenge the new techniques are proposed, these  machine learning ,deep learning different algorithm 

are used to extract the feature from image such as CNN,K means Clustering, KNN ,ANN ,cosine distance etc. In 

CBIR, visual image contents are represented as image features, which are extracted using automatically done feature 

extraction methods. Thus human intervention is eliminated. The feature extraction methods are computationally 

expensive and have also large dimensionality and these methods tend to be domain specific. A lot of research scope 

for simplifying these algorithms need to be addressed [6]..  

  

Convolutional networks have been tremendously successful in practical applications. The name “convolutional 

neural network” indicates that the network employs a mathematical operation called convolution. Convolution is a 

specialized kind of linear operation. Convolutional networks are simply neural networks that use convolution in 

place of general matrix multiplication in at least one of their layers[2].Machine Learning from examples means we 

have a tendency to attempt to construct an machine (i.e. a PC program) that may be taught to carry out a chore by  

observant examples. Naturally, the list uses the guidance examples to create a model of the globe that permits 

reliable predictions[3] Machine learning within the field of technology that offers computers the flexibility to be told 

while not being specifically programme. The essential premise of machine learning is to build algorithms which will 

obtain computer file relate degreed use practical math scrutiny to envisage an output worth with an suitable vary.[3]  

  

Convolutional neural networks or ConvNets is a neural network that uses a convolution method to extract activation 

values from a volume for another volume layer. ConvNets in a simple sense is a sequence of layers, where each 

layer of ConvNets, convert one activation volume to another volume, with different functions. There are 3 main 

types of layers that have three main layers, namely convolution layer (conv layer), pooling layer, and fully 

connected layer [4].  
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Abstract: The fast growing field of big data analysis 

has started to play a fundamental role in the evolution 

of healthcare research. The huge data growth in 

biomedical and healthcare businesses, accurate 

analysis of medical data benefits from early detection, 

patient care, and community services .It has provided 

tools to analyze, manage and assimilate large 

volumes of big data produced by current healthcare 

systems. Data analysis has recently been applied to 

help the disease delivery and treatment process.  This 

proposed system rationalizes machine learning 

algorithms to effectively predict the physician 

outbreaks in disease-frequent communities we are 

experimenting with the modified predictive models 

with real hospital data.  

Keywords: Big data, Open data, Decision Tree, 

Multidisciplinary diagnosis 

1. Introduction 

Big Data is the art of finding information or 

knowledge in a large amount of data. Like statistics, 

Big Data is becoming increasingly common in 

companies and organizations that want to extract 

relevant information from their databases, which they 

can use for their own needs. Big Data tasks can, in 

general, be classified as tasks of description and 

prediction. To understand the discovery goal, it is 

vital to understand the difference between descriptive 

and predictive tasks. Big Data technology is applied 

in an increasing variety of fields.  

Prediction should be done to reduce the risk of 

Disease. Diagnosis is usually based on signs, 

symptoms and physical examination of patient. All 

most all the doctors are predicting diseases by 

learning and experience. The Diagnosis of disease is 

difficult and tedious task in medical field. Predicting 

disease from various factors and symptoms is a multi-

layered issue which may lead to false presumptions 

and unpredictable effects. Health care industry today 

generates large amounts of complex data about 

patients, hospital resources, disease diagnosis, 

electronic patient records, medical devices etc. The 

large amount data is a key resource to be processed 

and analyzed for knowledge extraction that enables 

support for cost-savings and decision making. We use 

Machine Learning algorithms should aim to predict 

disease and Physician. 

1.1 Problem Statement 

To create a model which can provide accurate 

diagnosis based on patients profile using 

multidisciplinary approach to avoid incorrect 

diagnosis. 
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Abstract— big data analytics is the new practice in Business 

Analytics today. However, recent industrial surveys find that 

big data analytics may fail to meet business desires because of 

lack of business context and lack of expertise to connect the 

dots, incorrect scope and cluster arranged framework. In this 

paper, we present a goal-oriented big data analytics framework 

for better business decisions, which consists of a conceptual 

model which connects a business side and a big data side 

providing context information around the data, a claim-based 

evaluation method which enables to focus the most effective 

solutions, a process on how to use proposed framework and an 

assistant tool which is a real-time big data analytics platform. 

In this framework, problems against business goals of the 

current process and solutions for the future process are 

explicitly hypothesized in the conceptual model and validated 

on real big data using big queries or big data analytics. As an 

exact examination, a shipment choice process is utilized to 

indicate how IRIS can bolster better business choices as far as 

extensive understanding both on business and information 

investigation, high need and quick choices. 

Keywords- Big Data Analytics, Goal-Orientated Approach, 

Business Process, Big Data, Conceptual Model. 

I. INTRODUCTION 

          

     Big data analytics is a technology which helps turn hidden 

insights in big data into business value by using advanced 

analytics techniques in order to support better business 

decisions, as the hottest new practice in Business Analytics 

today. According to some surveys, about 80% of CEOs or 

executive teams view that big data analytics initiatives have the 

potential to drive business value such as creating new revenue 

streams, improving operational efficiency or cutting cost, and 

over 80% of the participant organizations do ongoing projects. 

However, according to another survey, 55% of big data projects 

do not get completed, and many others fall short of their 

business objectives. 

 

    Additionally, the quality of big data analytics can only be as 

good, or as bad, as the quality of the big data it uses. The quality 

attributes of big data, together with relationships between data, 

should therefore be defined in a big data model. With a good 

quality big data model, big data analytics 2  

Can accurately identify important business concerns, trend 

opportunities, and useful business insights, which, in turn, can 

lead to good business decisions. Yet, no guidelines are available 

for how to develop a high-quality big data model in a systematic 

and rational way. 

 

     Finally, with the advances in Information Technology (IT), 

use of software systems increasingly has become prevalent and 

critical in more efficiently and effectively carrying out the 

various tasks and activities in the fast changing business 

domain. However, aligning a software system well with its 

intended business process has been challenging, due to the 

difficulty in firstly understanding and precisely modeling a 

business process and secondly coming up with a requirements 

specification of a system for supporting the business process. 

Use of well-known notations helps: BPMN (Business Process 

Model and Notation) for precise modeling of a business 

process, and UML use case for modeling software 

requirements; but the second difficulty still remains. There are 

several issues: 1) Since there do not exist formal definitions of 

the models, different interpretations are possible which can lead 

to transformations that deviate from the original meaning; 2) A 

business activity can be performed either by people or system 

functionality; 3) The granularity of a use case is not necessarily 

the same as that of a business activity or task; and 4) Neither 

BPMN nor UML use cases consider Non-Functional 

Requirements (NFRs). 
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for simplifying these algorithms need to be addressed [6]..  

  

Convolutional networks have been tremendously successful in practical applications. The name “convolutional 

neural network” indicates that the network employs a mathematical operation called convolution. Convolution is a 

specialized kind of linear operation. Convolutional networks are simply neural networks that use convolution in 

place of general matrix multiplication in at least one of their layers[2].Machine Learning from examples means we 

have a tendency to attempt to construct an machine (i.e. a PC program) that may be taught to carry out a chore by  

observant examples. Naturally, the list uses the guidance examples to create a model of the globe that permits 

reliable predictions[3] Machine learning within the field of technology that offers computers the flexibility to be told 

while not being specifically programme. The essential premise of machine learning is to build algorithms which will 

obtain computer file relate degreed use practical math scrutiny to envisage an output worth with an suitable vary.[3]  

  

Convolutional neural networks or ConvNets is a neural network that uses a convolution method to extract activation 

values from a volume for another volume layer. ConvNets in a simple sense is a sequence of layers, where each 

layer of ConvNets, convert one activation volume to another volume, with different functions. There are 3 main 

types of layers that have three main layers, namely convolution layer (conv layer), pooling layer, and fully 

connected layer [4].  
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ABSTRACT 

 

 Retinopathy when all is said in done, diabetic retinopathy specifically is the significant worries of visual 

impairment and appearance of hard exudates is one of its initial side effects. In this period, diabetes is the most 

generally discovered persistent infection present in individuals of different age bunches having lacking insulin 

creation, which delivers high glucose. Diabetes, when left undiscovered, may prompt the advancement of different 

infections across the body. Diabetic Retinopathy (DR) is an eye sickness brought about by diabetes, which brings 

about harmed retinal veins and may prompt vision misfortune. Numerous PC supported diagnostics frameworks 

have been created previously, which utilized customary strategies where handmade highlights are utilized. With 

the coming of Deep Learning, particularly in clinical picture examination, more precise and powerful outcomes 

are created, as it performs highlight extraction task naturally. This paper reviews the different soft Computing 

techniques that can be utilized for the retinal diagnosis in case of infection.  

 

Keywords: Computer-aided diagnostic systems, Soft Computing, Diabetic retinopathy; exudates; image processing;  

 

INTRODUCTION 

 

Diabetic Retinopathy (DR) is an infirmity of retina brought about by intricacies of diabetes mellitus, which can ultimately 

prompt visual deficiency in both center and progressed age bunches [1]. Diabetes can cause debilitating in the retina's blood 

vessels. The veins in the retina are very powerless to this debilitating and can go through a progression of changes. Late 

exploration has given a superior comprehension of the infection measures and is opening up new roads for counteraction 

and treatment. Compelling medicines are accessible and are ideally utilized at the point when retinopathy is distinguished 

early, a long time previously the patient knows about the indications.  

 

For this reason evaluating programs for early identification of retinopathy are a fundamental piece of diabetes care what's 

more, are in inescapable use [2]. According to the Public Institute of Health (NIH 2009), diabetic retinopathy is the most 

well known diabetic eye sickness that is brought about by changes in the blood vessels of the retina, where in veins may 

swell and release liquid, strange fresh blood vessels may develop on the outside of the retina. It is well realized that the 

entanglements develop gradually set apart by the four phases. The principal stage comprises of blood clumps which show 

up as little red dabs normally called miniature aneurysms. The second stage includes exudates which are brilliant yellow 

spots which are essentially concentrate fat stores, third stage is minimal serious with hemorrhages that make blood stains 

areas moderately over a wide region. The last stage is set apart with cotton  fleece whitish yellow areas that are brought 

about by the harm of nerve fiber [3,4]. 

 

 Scientists have made endeavors to restrict and cover the vein organization and optic plate for identification of exudates, 

hemorrhages also, miniature aneurysm. Toward this path a few computational procedures have been proposed also, 

reported with the plan of robotized identification of retinopathy. It is referred to in the writing that the majority of the 

examination work have been completed on openly accessible informational indexes which are STARE (Structured Analysis 

of the Retina), DRIVE (Digital Retinal Images for Vessel), DIARETDB (Diabetic Retinopathy Database)1, DIARETDB0, 

MESSIDOR (Methods for Assessing Segmentation and Indexing strategies Dedicated to Retinal Ophthalmology), 

Retinopathy online Challenge, CMIF(Collection of multispectral pictures of the fundus) , REVIEW (Retinal veseel picture 

set for assessment of width), JRD (Junction goal informational collection, ONHSEG (Optic nerve head division 

informational collection), RIMONE (Retinal Image information base for Optic Nerve Assessment), ARIA (Automated 

Retinal Image Investigation), INSPIRE (Iowa Normative Set for Preparing Images of the Retina). This paper is an endeavor 

to make an intricate review of research in this space.  
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LITERATURE REVIEW 

 

Author - Manik Sharma, Natalia Romero  

The utilization of a cross breed approach coordinating diverse delicate figuring methods should be additionally 

investigated for analysis of the previously mentioned mental issues. There is an expected degree to utilize and investigate 

the viability of various arising nature-enlivened figuring strategies like Gray Wolf Optimizer , Crow Search Algorithm , 

Harris Hawks Optimizer , Artificial Feeding Birds , Ant Lion Optimizer , Gartener Snake Optimization , Spotted Hyena 

Optimizer , Elephant Herding Optimization , Emperor Penguins Colony , Whale Optimization Algorithm  in conclusion of 

various human mental issues. These strategies and their crossover approaches can be utilized to choose ideal informational 

collection highlights to improve information arrangement rate. The exhibition measurements like exactness, review, F1-

score, pace of arrangement, pace of misclassification alongside other factual measures for these methods ought to be 

profoundly contemplated and analyzed as the quality and by and large execution of the demonstrative framework has been 

significantly relied on these boundaries. Because of the unbalancing of boundaries and stochastic nature, once in a while 

the yield of the NIC calculation may stall out in a difficulty called nearby maxima. To conquer these issues, paired and 

tumultuous variations of the distinctive NIC calculation have been proposed. A tumultuous form of the calculation utilizes 

diverse turbulent sine, iterative, coordination, circle, tent, Chebyshev, artist and Sinusoidal. More exertion is needed to 

investigate the utilization of twofold or tumultuous variations of these arising NIC strategies for the determination of these 

mental issues. The various figures, for example, insecurity the patient, deficient time for gathering analytic information, 

symptomatic blunder alongside the high volume of information, the multifaceted nature and vulnerability in the illness 

conclusion measure has been expanded. Rather than the genuine worth, the fluffy rationale procedures like fluffy master 

framework, fluffy set hypothesis, fluffy grouping, fluffy psychological guide, rule-based fluffy rationale, weighted fluffy 

principle help alongside versatile neuro-fluffy surmising framework in identifying the level of participation for various 

mental issues . In basic terms, for taking care of loose and fragmented information, the utilization of fluffy rationale, 

unpleasant set and stochastic thinking can be an additional benefit. To additionally improve the nature of the 

demonstrative framework, the profound learning methods like Deep Neural Network (DNN) , Deep Belief Network 

(DBN), Restricted Boltzmann Machine (RBM) , and Convolutional Neural Network (CNN) ought to be liked to handle the 

information introduced as pictures, sound and video signals. At long last, the arising profound learning model like 

variation auto-encoders (VAEs) and generative ill-disposed organizations (GANs) can be successfully utilized in tackling 

solo learning issues .  

 

Author - H. S. Vijaya Kumar, M. A. Jayaram and Asha Gowda Karegowda   

Hard restricting computational Techniques have been utilized to tackle various issues in different spaces since quite a 

while. They are essentially conventional in nature and established on standards of exactness, assurance, and firmness 

intrinsic in white and dark rationale. It has been seen that hard registering methods like K-Nearest Neighbor (KNN), the 

variations of KNN, support vector machine (SVM), Binary trees direct discrete investigation, polynomial bend fitting, 

emblematic rationale and thinking and so forth, are effective to tackle genuine issues. In this part, utilizations of such hard 

restricting strategies in acceralated exudates identification techniques have been neglected. Niemeijer et al.  have utilized 

AI based PC calculation to assess and identify exudates and cotton-fleece spots and to separate them from drusen, K 

Nearest Neighbor was utilized to group the pixels based on channel reaction along with a direct discriminant work. In this 

work each pixel is arranged and a likelihood map that demonstrate the likelihood of every pixel to be a section of splendid 

injury has been created. Separation of kinds of pixels or bunches are in view of highlights, for example, pixel tone, bunch 

territory and so on The calculation so created came about in two yields where splendid sore are available or not and which 

class every sore as a piece of exudates, cotton fleece spots or drusen. The calculation showed an exhibition of 95% and 

86% as for affectability and explicitness in identifying exudates. Wei Lin et al.  have consolidated the picture district by 

KNN diagram. The location of OD and veins are finished by the blend of Gaussian channel coordinating and iterative edge 

following. The extricated result is taken as contribution to fluffy combination calculation to identify the OD place by 

deciding the beginning of veins organization. An edge picture is drawn utilizing Kirsch's cover. Division of retinal pictures 

is finished by a quick agglomerative grouping technique utilizing a KNN chart.  

Locales are combined to shape a division of the picture as per their homogeneity. Blending is begun with pretty much 

nothing districts and K-NN diagram is utilized for looking districts that ought to be consolidated. A stack is utilized to 

predefine a limit, specifically a tone deviation. Mean power of the current locale is refreshed to the stack. After every one 

of the pixels are appointed an area the calculation is ended. The exhibition accomplishes a normal particularity of 95.42% 

and normal affectability of 91.08% in location of exudates.  

 

Author - Avinash R. Pinglae , Aparna A. Junnarkar 

The engineering of RaajHans is work area based. It very well may be introduced and run on work areas having least 

prerequisites of P4 framework. As the instrument is going to carry out utilizing java stage, It will be viable with any sort of 
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frameworks environment. In short we can say that the RaajHans would be a stage autonomous information mining device. 

This component of RaajHans can make it more famous than some other information mining instrument. After 

establishment of the RaajHans, it tends to be utilized to enter large measure of information in type of SQL inquiries or 

Oracle information base. The data set converter to help RaajHans to change over the information base inputted in type of 

SQL questions or on the other hand prophet data set into the document for example at-recognition reference record. 

RaajHans on opposite side is a device which stresses the exhibition of information mining task utilizing delicate 

registering methods. Hereditary calculations, Fuzzy sets and Neural Network inserted in the apparatus will help improve 

the information mining task. The RaajHans will control the client to pick a most suit-capable design among created ones. 

Neural organization will help to save the information acquired by past information mining. 

 

Author - Prableen Kaur, Manik Sharma  

Diabetes is a relentless human metabolic wellbeing problem. Analysts have utilized diverse information mining (ID3, 

Random Forest, innocent bayes, SVM, KNN, C4.5) and delicate figuring (GA, ACO, PSO, ABC) procedures to prospect 

diabetes problem in people. The particular information mining strategies are utilized to get the most encouraging outcomes 

that address high pace of accomplishment. In most recent long term, the pace of utilization of various information mining 

and delicate processing strategies has been apparently expanded. The vast majority of the specialists have utilized WEKA 

and MATLAB for early analysis of diabetes. In most recent 10 years, C4.5 and ID3 were the most and least favored 

decisions for mining diabetic patients. In delicate processing methods, the standout research has been finished utilizing GA. 

Nonetheless, not many scientists have carried out ABC for something similar. The pace of exactness of C4.5, SVM, KNN, 

irregular woods and crossover approaches in diabetes finding lies between 67 - 91%, 77 - 96%, 73% - 80%, 68 - 94% and 

74 - 99.2% individually. It appears to be that mixture procedures are more viable and precise to the extent the pace of 

exactness for diabetes conclusion is concerned. The utilization of information pre-preparing strategies can additionally 

improve the prescient pace of precision. Almost certainly, critical work for diabetes analysis has been finished. 

Notwithstanding, still keen and further developed arrangement is required which may naturally gather and screen various 

exercises of diabetic patients. Hence, a consideration is needed to build up a savvy and half breed diabetic demonstrative 

framework utilizing Machine Learning, Soft Computing, Internet of Things, Ontologies and Information Theory to 

conscious and save human masses from broad definitive range of this deadliest human issue. What's more, the framework 

ought to have the option to decrease the readmission pace of diabetic patients.  

 

Author - Mousa Al-Akhras, Ala’ Barakat, Mohammed Alawairdhi, Mohamed Habib  

In this work, another philosophy for diagnosing Glaucoma disease was proposed. The procedure joined picture based and 

illness related highlights. An upgraded technique is proposed to remove picture based highlights. The framework utilized a 

dataset composed of 106 retina pictures gathered from 3 hospitals. Images were examined and includes were separated, at 

that point a classification for them was performed utilizing Support Vector Machines (SVM) and a Genetically-Optimized 

Artificial Neural Networks (ANN) AI techniques. For SVM classifier and when the order depended on both set of 

highlights without information standardization, the most noteworthy classification exactness of 87.74% and the most 

noteworthy explicitness of 100% were obtained utilizing Gamma estimation of 0.25. The most noteworthy affectability 

value of 23.08% was gotten utilizing the Gamma estimation of 1.When information standardization was utilized with both 

arrangement of features, the most elevated grouping exactness of 80.19% and the highest specificity of 91.40% were 

acquired utilizing a Gamma estimation of 0.25.The most noteworthy affectability estimation of 30.77 was gotten utilizing a 

Gamma value of 0.8.For ANN classifier the got precision for the mix of features was 98% with and without information 

normalization. Further upgrades are as yet accessible in the field of Glaucoma automated analysis in a few territories. First; 

successful cooperation must be set up between colleges/research focuses and hospitals to assemble a bigger dataset which 

ought to be gathered from different clinical screening gadgets. Having a bigger dataset for different times of the two sexual 

orientations will encourage future examination efforts. Automatic conclusion likewise permits a standard check of retina 

images for early discovery of primary changes in the ONH. Ordinary check scan be directed by the actual patients if an 

appropriate camera is accessible with legitimate preparing to take the legitimate angle and utilize the finding framework. 

Other keen methodologies such as deep learning could likewise be applied to order pictures into either Glaucoma or 

Normal dependent on data accessible at the pixel level.   

 

Soft Computing Techniques  

Delicate processing is a consortium of strategies that handles vagueness, in actuality, circumstances. In contrast to hard 

processing strategies, delicate registering methods are open minded to imprecision, vulnerability just as a guess. When all is 

said in done, these are streamlining procedures that should tackle genuine issues (NP-hard, NPcomplete) adequately. Fluffy 

rationale, Artificial Neural Network (ANN), Nature-propelled Computing (NIC) procedures, stochastic thinking and 

profound learning strategies are a portion of the major delicate figuring draws near:  
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1. The possibility of fluffy rationale was given by Dr Lotfi Zadeh of the University of California. Fluffy rationale deals 

with the level of truth instead of the specific value such as obvious or bogus and can successfully handle imprecise or 

fragmented issues.   

2. An Artificial neural organization is an equal computing technique that attempts to mirror the working model of the 

mind. The neural organization itself isn't an algorithm, rather, it sets a system for many different AI calculations to 

work together and deal with complex information inputs.   

3. NIC techniques are invigorated from various angles of nature like people, birds, bugs, creatures, water etc. There exist 

in excess of 100 nature-inspired computing calculations.   

4. Stochastic thinking helps with retribution the values for the irregular variable.   

5. Deep learning depends on learning data representation rather than task-explicit algorithms. In different words, it is an 

arising fake concept that manages copying the learning approach of people. When contrasted with other AI 

calculations, profound learning calculations are stacked in a pecking order of expanding intricacy and deliberation.  

 

Applications  
Applications of soft Computing techniques are as follows:  

Handwritten  Script  Recognition  using  Soft Computing  

Transcribed Script Recognition is one of the requesting portions of software engineering. It can decipher multilingual 

records and sort the different contents likewise. It utilizes the idea of "block-level method" where the framework perceives 

the specific content from various content archives given. It utilizes a Discrete Cosine Transform (DCT), and discrete 

wavelets Transform (DWT) together, which characterize the contents as per their highlights.  

 

Image Processing and Data Compression using Soft Computing  

Picture investigation is perhaps the main pieces of the clinical field. It is an undeniable level handling strategy which 

incorporates acknowledgment and bifurcation of examples.  Utilizing delicate processing tackles the issue of computational 

intricacy and effectiveness in the grouping. Procedures of delicate processing incorporate Genetic Algorithms, Genetic 

Programming, Classifier Systems, Evolution Strategies, counterfeit life, and a couple of others, which are utilized here.  

 

Use of Soft Computing in Automotive Systems and Manufacturing  

The utilization of delicate processing has addressed a significant misguided judgment that the car business is delayed to 

adjust. Fluffy rationale is a strategy utilized in vehicles to construct exemplary control strategies. It takes the case of human 

conduct, which is depicted in the types of rule – "Assuming Then "articulations. The rationale regulator at that point 

changes over the sensor contributions to fluffy factors that are then characterized by these standards. Fluffy rationale 

methods are utilized in motor control, programmed transmissions, antiskid guiding, and so forth.  

 

Soft Computing and Decision Support System  

Delicate figuring gives a benefit of diminishing the expense of the choice emotionally supportive network. The procedures 

are utilized to configuration, keep up, and boost the estimation of the choice interaction. The main use of fluffy rationale 

is to make a choice framework that can anticipate such a danger. The subsequent application is utilizing fluffy data that 

chooses the zones which need substitution.  

CONCLUSION  

 

Momentum research centers on arising strategy of delicate processing in the space of Data Mining. Powerful usage of Soft 

Computing strategies for mining mass measure of information can make Data mining task incredible. As there are a few 

devices accessible for information mining in market along with different procedures, one can successfully receive a 

decent outcome utilizing such tools. Genetic calculations, Fuzzy sets and Neural Network inserted in the apparatus will 

help improve the information mining task. Neural organization will help to protect the information acquired by past 

information mining undertakings. Neural network will likewise help the device to improve its exhibition after step by step 

use.   
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ABSTRACT: This study primarily focused on detecting credit card fraud in the real world. For the qualified data set, we 

must first collect credit card data sets. Then, based on the user's responses, deliver inquiries to test the data set, use a 

credit card. Following the random forest algorithm employing a classification approach with a data set that has previously 

been examined and supplying a current data set. Finally, the data accuracy of the outcomes is improved. After then, a 

number of attributes will be processed so that fraud detection can be noticed when looking at the graphical model's 

depiction. Credit Card Fraud Detection is a typical sample of classification. In this process, we have focused on analyzing 

and pre-processing data sets as well as the deployment of multiple anomaly detection algorithms such as Local Outlier 

Factor and Isolation Forest algorithm on the PCA transformed Credit Card Transaction data. 

1. INTRODUCTION 

 

Risk assessment is utilised by banks all over the world. Risk rates are analysed using a number of methodologies since 

credit risk assessment is so critical. Banks divide their customers into groups based on certain characteristics. Client's 

financial histories and subjective consumer considerations are assessed throughout the exam Those figures are objective, 

which reflect the financial statements of the company. Fraud detection includes observing and analyzing the behavior of 

various users in order to estimate the detection of undesired behaviour. We need to understand the many technologies, 

algorithms, and types involved in detecting credit card fraud in order to identify it efficiently. There are several algorithms 

for detecting credit card fraud, each with its own set of benefits and accuracy. The methods include:- K-nearest neighbour, 

Linear regression, Ada Boost, Naive Bayes, J48, Logistic Regression, Random Forest algorithm etc. The null hypothesis 

is that the credit card transaction is legitimate. As a result, whether it is a correct and real transaction is a false positive, and 

hence the system model is predicted to be a fraudulent transaction, and a warning is issued. This signifies regular clients 

looking to make a purchase would defer faraway  from making purchases. False negative is a major problem since the 

transaction is fraudulent but the system model indicates that it is not. A false negative is significantly more serious in our 

instance than a false positive, because our system model would be costly if it predicted fraudulent transactions as 

legitimate. 

 

2. LITERATURE SURVEY 

 
I. ACTUAL SYSTEM 

 

In a review of a contextual investigation, which included the identification of Credit Card misrepresentation  where 

information standardization is applied prior to cluster analysis, as well as results obtained from the use of Cluster Analysis 

and Artificial Neural Network on the discovery of extortion, has revealed that neuronal data sources may be limited by 

bundling properties in the existing system.Moreover, good results can be obtained by utilising standardised data, which 

should be MLP prepared. This exam required independent study. The accuracy of estimates is about 50%. The discovery 

of an estimate and the reduction of the cost measure were noteworthy aspects of this work. The result was 23%, and the 

formula they came up with was the Bayesian minimal chance[3] . A collective replacement comparison metric that 

quantifies gains and losses owing to fraud detection is proposed in this system. A cost-sensitive technique based on the 

Bayes minimum risk is utilised with the existing cost measure. 
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ABSTRACT: Daily attendance marking is a common and important activity in schools and colleges for checking the 

performance of students. Manual Attendance maintaining is difficult process, especially for large group of students. 

Some automated systems developed to overcome these difficulties, have drawbacks like cost, fake attendance, 

accuracy, intrusiveness. To overcome these drawbacks, there is need of smart and automated attendance system. 

Traditional face recognition systems employ methods to identify a face from the given input but the results are not 

usually accurate and precise as desired. The system described in this we aims to deviate from such traditional systems 

and introduce a new approach to identify a student using a face recognition system, the generation of a facial Model. 

This describes the working of the face recognition system that will be deployed as an Automated Attendance System in 

a classroom environment 

 

KEYWORDS: Attendance system ,Simple User Interface ,  Time saver. 

 

I. INTRODUCTION 
 

Nowadays Attendance is considered as an important factor for both the student as well as the teacher of an educational 

organization. With the advancement of the deep learning technology the machine automatically detects the attendance 

performance of the students and maintains a record of those collected data by using some face-recognition library in 

Python . In general, the attendance system of the student can be maintained in two different forms namely,  Manual 

Attendance System, Automated Attendance System . 

 

 Manual attendance may be considered as a time-consuming process or sometimes it happens for the teacher to miss 

someone or students may answer multiple times on the absence of their friends. So, the problem arises when we think 

about the traditional process of taking attendance in the classroom. To solve all these issues we go with Automatic 

Attendance System using face-recognition. Automated Attendance System is a process to automatically estimate the 

presence or the absence of the student in the classroom by using face recognition technology.  

II. RELATED WORK 

 
[1]

Face Detection and Recognition using OpenCV and Python Tejashree Dhawle1, Urvashi Ukey2, Rakshandha 

Choudante3 1-3Student, Department of Computer Engineering, Dr. Babasaheb Ambedkar Technological University 

Raigad, IndiaThis research paper gives an ideal way of detecting and recognizing human face using OpenCV,and 

python which is part of deep learning .This report contained the way in which deep learning an important part of 

computer  science field can be used to  determine the face using several libraries in open CV along with python. This 

report will contain a proposed system which will help in the detecting the human face in real time. This implementation 

can be used at various  platforms  in machines and smartphones, and several software application 

 
[2]

Automatic face recognition (AFR) technologies have made many improvements in the changing world. Smart 

Attendance using Real-Time Face Recognition is a real-world solution which comes with day to day activities of 

handling student attendance system. Face recognition-based attendance system is a process of recognizing the students 

face for taking attendance by using face biometrics based on high - definition monitor video and other information 
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ABSTRACTION 

 

Electrocardiogram (ECG) is an important diagnostic tool for analysing cardiac tissues and structures. It 

includes information about the heart structure and the function of its electrical conduction system.Time series 

classification (TSC) is the area of machine learning interested in learning how to assign labels to time 

series.Now a days, Deep learning has received enormous attention because of its high scalability.The accuracy 

of deep learning for TSC has been raised to a competitive level. In our study, we developed different Neural 

Network which are used in TSC. We used simple CNN, LSTM, GRU and Inception Time out of which 

InceptionTime showed great results. Inception Time uses power of CNN in efficient way With Inception Time 

we got about 98.89 percent of accuracy. We also cross checked our results with doctor and the results were 

matching with his diagnosis too. 

 

Keywords: Deep Learning, TSC (Time Series Classification), Imbalanced Data, ECG, DNN 

 

INTRODUCTION 

 

Patients of Cardiovascular disease is increasing day by day. ECG is used to monitor and primarily diagnose 

cardiovascular disease. An ECG transitioned to digital from analog has gained importance in medical diagnosis. 

However, limited performance of classical algorithms precludes its usage as a standalone diagnostic tool and relegates 

them to an ancillary role 

 

Deep Neural Networks are gaining tremendous popularity nowadays because of its subtleness and accuracy. Deep 

Neural Networks are being used in lots of areas like image processing, processing and in natural language 

processing[1]. Time Series classification and forecasting is one of the branch which is emerging as newer technologies 

like DNN are being introduced. It is reaching that part of the data where humans cannot reach for sure. Different DNN 

are being trained to classify and diagnose different disease like different pulmonary diseases, fractures, but for that we 

require lots of data[2]. Gathering that data is a big challenge in because of confidentiality and security of personal 

health information. One of the great feature of DNN is that we do not have pick the feature manually DNN 

automatically do it for you which provide us more accurate representation of ECG which is more understandable by 

machine[3]. DNN contains large amount of variables which requires massive amount of data to be trained[4]. 

 

We used two types of neural networks CNN and RNN[2]. CNN stands for Convolution Neural Network and RNN for 

Recurrent Neural Network. In CNN we used simple and a more advanced neural network known as InceptionTime 

which uses potential of CNN in efficient way[5]. In RNN we used LSTM and GRU which are recurrent neural network 

with some variation in them[1]. 

 

InceptionTime is an ensemble of five deep learning models for TSC, each created by cascading multiple Inception 

modules, having the same architecture but different initial weight values. Fig. 1 illustrates the details of an Inception 

module, where multiple filters are applied simultaneously to an input time series. The module includes filters of 

varying lengths, which as we will show, allows the network to automatically extract relevant features from both long 

and short time series[5]. 

 

In Section II we will have more information about dataset and its authenticity and in Section III we will see 

methodology how we used different DNN architectures to get the results and in Section IV we will discuss about the 

results which is good among them.Finally Section V concludes the paper 

 

DATASET 

In this experiment we are using PhysioNet MIT-BIH Arrhythmia ECG Databases as data source for labelled ECG 

records. The MIT-BIH arrhythmia database is publicly available dataset which provides standard investigation material 

for the detection of heart arrhythmia[6]. MIT-BIH arrhythmia database is mostly used for medical and research purpose 

of different heart arrhythmia detections and analyses. This database tries to provide a fully automated environment to 
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Abstract - Since 1996, when JavaScript and its features were 
first released, there has been no stopping for it. Because of its 
pace, JavaScript is used to implement some of the language's 
features in almost all major technologies. Although the 
development of JavaScript was initially guided solely by 
implementation, the ECMA standardization process is now 
gaining traction. The asynchronous function provided by 
JavaScript is one such feature. Why use Asynchronous 
JavaScript when you can do whatever you want with standard 
JavaScript? In this article, we'll look at all of the benefits and 
enhancements that Asynchronous JavaScript offers over 
standard JavaScript. We'll look at how to make our web apps 
load quickly and are easily readable. We will systematically 
compare the old features such as callbacks, single threading 
with promises, async await, and error handling. 

Key Words:  JavaScript, Asynchronous, async, await, 
promise, Callback 

1. INTRODUCTION 

When we talk about making websites, the first thing that 
comes to mind is probably HTML and CSS and we can build a 
static website with HTML and CSS. For developers 
developing cloud, web, or IoT applications, JavaScript code 
running in the Node.js runtime is a big platform. The use of 
asynchronous callbacks and event loops to provide highly 
sensitive applications is a fundamental principle in Node.js 
programming. This programming model, though 
conceptually simple, contains several subtleties and 
behaviors that are described implicitly by the current 
Node.js implementation. We can include graphics, add colors 
and static content, make animations (2D/3D) but the 
websites will not be user responsive. User responsive means 
that the dynamic nature of the website will be absent. We’ll 
not be able to submit form data, respond with different data 
every time a user clicks on a button. To make all of this 
possible, we use JavaScript. JavaScript is a fully fledged 
programming language capable of making websites, apps 
and games etc. JavaScript abbreviated as JS uses scripts to 
interact with the webpage. 

Asynchronous JavaScript is a part of JavaScript and is 
considered fairly advanced bit of JS Language. To get a good 
grasp of Asynchronous JavaScript, we have to first 
understand the Synchronous section of JavaScript. JS is 
single threaded language and this means that only one 
process at a time can be executed by JavaScript. It starts from 
line one and executes all the lines of code one by one and all 

the process are stopped until that line of code is fully 
executed. 

For example: 

const button = document.querySelector('button'); 

button.addEventListener(“click”, () => { 

    alert(“CLICKED”'); 

    let paragraph = document.createElement(“p”); 

    paragraph.textContent = “New paragraph added.”; 

    document.body.append(paragraph); 

}); 

When we execute this bit of code, we will find that the alert 
() will be executed first and until and unless we terminate 
the alert, the paragraph element below the alert () will not 
run or we can say that the rendering is paused. Browsers 
allow us to run such operations asynchronously to solve 
certain issues. Promises allow you to start an operation (for 
example, fetching an image from the server) and then wait 
until the result is returned before continuing with another 
operation. Since the operation is happening somewhere else, 
the main thread is not blocked while the async operation is 
being processed. This was the problem that was faced by 
programmers all around the world and hence Asynchronous 
JavaScript was introduced. Asynchronous JavaScript has 
made life easier for programmers who wanted to run some 
kind of files from external resources such as fetching files 
from server, using the database, accessing the webcam, etc. 
Asynchronous means multiple things can be done at the 
same time or multithreading. In this paper, we will dive into 
the world of Asynchronous JavaScript and all the advantages 
it has to the regular way of writing scripts in JS. We will take 
a look at the traditional methodology of creating scripts and 
how we can improve them by using asynchronous 
methodology and how it improves the quality and 
readability of the code. 

2. PROBLEM STATEMENTS 

2.1 The Call Stack 

Call stack is the mechanism by which the JS interpreter 
keeps track of its place in the script that calls multiple 
functions. This is the way JavaScript knows where it currently 
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Abstract— E-commerce could be a large use within the 
modern business. E-commerce means electronic commerce. 

E-commerce includes buying and selling of products and 
services, or the transmitting of funds or data, over a system, 
predominantly the net. Rather e-commerce is simple just 
differently to spice up the prevailing business practices. It’s 
leading to a whole change in the traditional way of doing 
business. This significant change in business model is 
witnessing an amazing growth round the globe and India isn't 
an exception. A large internet penetration has added to 

growth of E-commerce and more particularly start-ups are 
increasingly using this selection as a differentiating business 
model. More E-Commerce has significant influences on the 
environment. Although the model is very employed in 

current business scenario but the choice has not been 
explored at its fullest. 
 
Keywords—E-Commerce, Internet, Self-service, 
Technology, Internet banking  
 

I. INTRODUCTION 

E-commerce means electronic commerce. It means dealing 

in goods and services through the electronic media and 

internet. E-commerce involves carrying on a business with 

the help of the internet and by using the information 

technology like Electronic Data Interchange (EDI). 

E-Commerce relates to a website of the vendor on the 

Internet, who trades products or services directly to the 

customer from the portal. The portal uses a digital shopping 

cart or digital shopping basket system and allows payment 

through credit card, debit card or EFT (Electronic fund 

transfer) payments. A more complete definition is: 

E-commerce is the use of electronic communications and 

digital information processing technology in business 

transactions to create, transform, and redefine relationships 

for value creation between or among organizations, and 

between organizations and individuals (C. Nisha and G. 

Sangeeta, 2012). The main types of electronic commerce are: 

business-to-business (B2B); business to- consumer (B2C); 

business-to-government (B2G); consumer-to-consumer 

(C2C); and mobile commerce (m-commerce). 

 

A. E-Commerce Facilitators:  Internet 

 

A massive internet penetration has added to growth of 

E-commerce. Internet and smart phones are becoming an 

integral part of every life. Internet is no more a source of 

information but has become an important tool for shopping, 

learning, communicating and even getting service from 

plumbers, carpenters, doctors etc. Supply chain is also 

becoming leaner and smarter as digital platforms are helping 

to better connect with the customers who significantly 

reduces the waste and supporting to green businesses. The 

internet user population was small during the 1980s, 

experiencing a slow but steady growth until 1994 due to an 

increasing number of text-based users (e.g., those using email 

and file transfer functions). Then, with the introduction of the 

World Wide Web and subsequent multimedia content 

expansion, the number of net users exploded. In fact, the 

internet has grown much more quickly than any other 

medium in history (Strauss et al., 2007). The International 

Telecommunication Union (ITU), a United Nations body, 

recently predicted in 2015 that 3.2 billion people will be 

online. The population in May 2015 stood at 7.2 billion. In 

the year 2000 there were just 400 million internet users 

worldwide. 

  

B. Analytics  

Analytics is the scientific process of converting data into 

insight for making superior decisions. Analytics helps 

businesses to collect, organize, examine, and report on all 

their customers do. The immense increase in the volume of 

data has mandated the businesses to focus on analytics to 

know the behavior of the customer. Etailors must have real 

time access to information to measure return on online 

investments and optimize the channel mix. There are basic 

analytics capabilities readily available with the E-commerce 

players like average order value, basket size analysis, 

conversion ratio but deeper analytics solution for actionable 

insights of the consumer is required. 

 

C. Social Media 

 

Businesses are increasingly using social media in order to 

market their products. Social media comprises of websites 

and computer programs that enable people to communicate 

and share information on the internet using a computer or 

mobile phone. Social media plays a greater role in brand 

building and informing various offers to the customers. It is 
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Abstract—Energy consumption in buildings shares a major 

chunk of the energy demand pie throughout the globe. The 

majority of the energy consumption in buildings is contributing 

to thermal comfort to individuals. Thermal comfort is vital for 

human life as it related to the health, performing ability of an 

individual. There is an exponential rise in the use of air 

conditioners in the last few decades which in turn provided 

many environmental adversities like an increase in global 

temperature due to global warming and ozone layer depletion. 

Thus, it is a timely need to develop a sustainable, eco – friendly, 

economical, and energy viable solution to satisfy the thermal 

comfort needs of occupants. An evaporative cooler is one such 

technology. Although this method has the advantages of being 

an ideal cooling system it has certain limitations of lower heat 

transfer rates, uses in specific climatic conditions, and a large 

amount of water consumption associated with it. To address the 

issue of lower heat transfer rate Passive cooling method of 

incorporating surface roughness like dimples and protrusions 

on the surface where heat transfer takes place can prove a 

milestone. In the present study, experimental analysis and 

analytical study using computer simulation software ANSYS 

are carried out on terracotta tubes of conical shape which are to 

be used in Evaporative Cooler. These studies are carried out on 

three kinds of tubes viz. plain tube, dimpled tube, and 

protrusion tube. The tubes are checked for variation in heat 

transfer rate, percent temperature drop, Reynolds number, 

Nusselt number, and pressure drop due to the incorporation of 

dimples and protrusion on the inner wall of tubes. It is found 

that heat transfer and percent temperature drop increase with 

the use of protrusions by about 39.17% and 17.2% respectively. 

It is also observed that flow characteristics like Reynolds 

number, Nusselt number increase with the use of dimples and 

protrusions without any significant pressure drop. It is also 

concluded that the input air should be administered at lower 

velocities to get maximum temperature drop. The tubes with 

protrusion proved more useful in Evaporative cooler 

application when used with lower input air velocities. 

Keywords: Passive Cooling, Evaporative Coolers, Terracotta 

Tubes, Dimples, Protrusions, Net temperature drop 

I.INTRODUCTION 

The construction sector, which includes domestic 
buildings, mercantile, civil services, agriculture, etc. attribute 
for around 35% of the entire global energy requirements [1]. 
Heating, cooling, air conditioning, and ventilation 
applications form the major components of energy 

consumption in the building sector. It is also argued that 
globally around 40% of total building energy is consumed for 
space heating or cooling applications in both residential and 
commercial sectors [1]. Room air conditioners are mostly 
used worldwide as air cooling appliances. However, the rise 
in the use of air conditioners has led to serious environmental 
issues associated with global warming and ozone layer 
depletion. Consequently, it becomes necessary to provide 
environment friendly, energy viable solutions to obtain a 
proper thermal environment in buildings. Evaporative cooling 
(Evaporative Coolers) is one such widely employed effective 
passive cooling technique that can provide a satisfactory 
degree of comfort [2]. Deki Cooling installation is one such 
architectural installation at Noida which made an application 
of evaporative cooling. It is an elaborate arrangement of 
hundreds of cone-shaped terracotta tubes into a beehive 
patterned circle. The porous terracotta tubes (baked earthen 
tubes) absorb water, and as hot air passes through them, it’s 
turned into cool air. It is an innovative solution for cooling 
workplaces involving heat rejection in the surrounding 
environment through machinery. The cooling efficiency of 
this installation can be enhanced with some changes made to 
the surface structure of terracotta tubes.  

The effect of using the passive method of incorporating the 
surface roughness (like dimples, protrusions) on the inner 
surface of these terracotta tubes, in increasing heat transfer 
rate is illustrated in this paper with the help of results obtained 
through experimental testing and two-dimensional analysis on 
Ansys software. 

II. LITERATURE REVIEW 

It is found in the literature that thermal comfort for humans 
is vital. For a reason, people pass about    80–90% of the day 
functioning in offices and living in residents, thus it becomes 
crucial to keep the good indoor environmental quality (IEQ). 
[3,4]. The report named ‘The Future of Cooling’ published by 
IEI in May 2018 depicted an immense need to develop an 
energy-efficient and environment-friendly cooling technique 
predicting that effectual measures can increase cooling 
efficiency averagely by double and bring down energy 
requirement for cooling by about 45%. The review by et.al 
Dnyandip K. Bhamare, 2019 shows how passive cooling can 
be an option to develop such cooling systems. He depicts that 
passive cooling techniques are capable of maintaining a 
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comfortable indoor environment and also lower the cooling 
energy load [5]. Yifan Yang, 2019 establishes Evaporative 
cooling as a potential energy-saving passive cooling method 
along with classification, recent developments, and 
applications of different enhanced evaporative cooling 
technologies [2]. An air conditioning technology, named 
Evaporative Cooler uses the water evaporation phenomenon 
to cool the temperature of air [6].  Evaporative Coolers are 
categorized into three types viz. direct, indirect, and indirect-
direct evaporative coolers [7]. Air conditioning devices of 
these types are energy-saving [8] and environmentally-sound 
[9]. Even though such cooling units are energy-efficient and 
green, there are certain restrictions to their absolute use. Its 
performance is good only in hot and arid climates. The 
performance of the device also varies depending on the inlet 
air conditions. By Performance evaluation of Indirect 
Evaporative Cooler et al. Aftab Ahamad quoted that “the 
indirect evaporative cooler is suitable for hot and dry climatic 
conditions”, as in most of the regions of India [10]. Also, 
passive technologies mainly consist of surface shape 
modifications to expand the heat transfer area or to escalate 
the turbulence of flow [11-13]. This approach involves surface 
roughening, such as ribs, fins, dimples, and protrusions 
[14,15]. Ibrahim et al, 2003 stated that “the cooling effect was 
enhanced by a high porosity of the evaporator, increased water 
supply pressure [16]”. Hemant Pisal, Avinash Ranaware 
demonstrated that the heat transfer rate increases for the metal 
plate with dimple [17]. Also, presented a fact that the rate of 
heat transfer and drop in pressure inside dimples rise with the 
increase in flow rate and with increases in Reynold’s number. 

From the detailed and sequential literature survey, it is 
understood that to cope up with the ever-increasing demand 
for energy for thermal comfort or cooling purpose there is a 
dire need to develop an energy-efficient, economical, and 
environment-friendly cooling technology. Passive cooling 
especially, Indirect Evaporative Cooling can be the best 
option to provide thermal comfort in dry and arid regions since 
it provides an advantage of avoiding direct contact with the 
cooling medium and thus facilitating control over humidity. 
Also, it is understood that the three-dimensional roughness 
like dimples and protrusions cause the enhancement in heat 
transfer and this is ruled by various input factors like input 
temperature, surface temperature, flow velocity, etc. Thus, 
Evaporative coolers along with the passive cooling method of 
surface roughness may prove effective in providing necessary 
thermal comfort with low energy consumption.  

III. EXPERIMENTAL WORK 

A. Objective  

The objective is to check the effect on heat transfer rate by 

incorporating patterned irregularities (dimples or protrusions) 

over the inner surface of the terracotta tubes which are to be 

used in the Evaporative Cooler. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Test Tubes (a) Plain Tube, (b) Dimpled Tube, (c) Protrusion Tube 

B. Materials 

To satisfy the objective the Experimental Testing is carried 

out over three kinds of terracotta tubes at three different 

velocities. 

Plain Tube: Baked conical clay tube open at both end plain 

on the inner wall  

Dimpled Tube: Baked conical clay tube open at both tubes 

with dimples on the inner wall of the tube and plain outer 

wall. 

Protrusion Tube: Baked conical clay tube open at both ends 

with protrusions of clay of identical size and shape are 

attached on the inner surface of the tube and smooth outer 

surface. 

All the tubes are identical in shape, size, and dimensions 

except for their inner wall surface structure. 

 

Specifications of Tubes: 

Inner Diameter of bigger end of Tube (D1) = 100 mm 

Inner Diameter of the smaller end of Tube (D2) =50 mm 

Length of Tube (L) = 400 mm 

Diameter of Dimple (d) = 10 mm 

Distance between two consecutive dimples (l) = 8 mm 

The material of Tube: Potter’s Clay 

 

Fig. 1 shows the cross-sectional view of different kinds of 

tubes to be used in the experiment. A well suitable test Rig is 

developed to ensure the process experimentation under 

controlled conditions. Fig. 2 presents the diagram of the 

experimental test rig. All the elements of the test rig are listed 

in order. 

C. Experimentation 

In the present work, the three tubes are tested for heat transfer 

rate at three different velocities. The individual test tubes are 

placed one by one in a test section i.e., between two steel 

boxes. The suction fan is turned ON and the air is channelized 

through the test tube. The air is made to flow from the bigger 

end to the smaller end of the tube. The velocity of air passing 

through the test tube is regulated with the aid of a regulator. 

After the airflow is set at a constant velocity, the pumps in 

the water reserve are turned ON. These pumps draw the water 

from the water reservoir to the top tray. The water sprays fall 

on the clay test tube through perforations made on the top 

tray. Thus, the test tube gets wet in turn providing constant 

surface temperature (25 0C). The remaining water gets  
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Fig. 2  Diagrammatic view of the experimental test rig.

collected back in the water reservoir through holes made on 

the base tray. The temperature of the air at the inlet and outlet 

section is determined at regular intervals with the help of a 

temperature sensor and data logger. In this way, an individual 

test tube is tested for three different velocities (constant value 

until changed with regulator) by altering the velocity with 

help of a regulator. The velocity of air at the inlet and outlet 

is measured using an anemometer. The same procedure is 

adopted for all test specimens. 

 

D. Sample Calculations for experimental test: 

Let, 

 ρ = Density of air (kg/m3) 

µ = Dynamic Viscosity of air (kg/m.s) 

k = Thermal Conductivity of air (W/m. K) 

Pr = Prandtl Number 

v1 = Minimum Velocity of air (m/s) 

v2 = Intermediate Velocity of air (m/s) 

v3 = Maximum Velocity of air (m/s) 

      r1 = Radius of bigger end of frustum of cone tube (m) 

r2 = Radius of smaller end of frustum of cone tube (m) 

h = Convective heat transfer coefficient (W/m2K) 

 

 

Q= Heat transfer rate (W) 

ti = Inlet Temperature (K) 

to = Outlet temperature (K) 

     dT = Change in temperature = (ti-to) 

H = Height of frustum of cone tube 

 

Now, we have 

The cross-sectional area of the bigger end, 

𝐴1 = πr12  

The cross-sectional area of smaller end, 

𝐴2 = 𝜋𝑟22
 

The average cross-sectional area of flow, 

𝐴 =
𝐴1 + 𝐴2

2
 

Total Surface area,  

𝐴𝑠 = 𝜋(𝑟1 + 𝑟2)√(𝑟12 − 𝑟22) + 𝐻2 

 

Area of convection or Wetted Perimeter of the cross-section, 

𝑃 = 𝐴𝑠 − (𝐴1 + 𝐴2) 

 

 

 
A. Inlet Section                          E. Bottom Tub Water Reservoir        I. Perforations     

 B. Outlet Section                       F. Test Tube                                      J. Temperature sensor with data logger 

 C. Top tray                                G. Speed Regulator                           K. Suction Fan 

 D. Base Tray                             H. Pumps                                             

 

  

 

 

 

 

 

 

  

        

D Base Tray 
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Hydraulic Diameter, 

𝐷𝐻 = 4𝐴/𝑃 

Now, Reynolds number is given by, 

𝑅𝑒 =
 𝜌𝑣𝐷𝐻

µ
 

For forced convection,  

i.e., for Re ≥ 10000, 0.6 ≤ Pr ≤ 160 and L/D ≥ 10 

as per the Dittus-Boelter equation, 

𝑁𝑢 = 0.023𝑅𝑒0.8𝑃𝑟0.3 

Also, Nusselt number is given by, 

𝑁𝑢 =
ℎ. 𝐷𝐻

𝑘
 

Therefore, convective heat transfer coefficient is given by, 

ℎ =
𝑁𝑢. 𝑘

𝐷𝐻

 

So, the heat transfer rate can be calculated by, 

𝑄 = ℎ. (𝐴𝑟𝑒𝑎 𝑜𝑓 𝑐𝑜𝑛𝑣𝑒𝑐𝑡𝑖𝑜𝑛). 𝑑𝑇 

 

The rate of heat transfer for three tubes at a particular 
constant velocity is calculated for all three tubes and is 
compared to the select best tube. Similarly, all three tubes are 
checked at various values of velocities. Table 1 and Table 2 
depict the observations and calculations made for 
experimentation respectively.  

IV.COMPUTER SIMULATION STUDY 

A. Details about Analytical study 

In the present work along with experimental studies, 
analytical studies through computer simulation software are 
also carried out. The software used for the purpose is ANSYS 
2020 R1 Student version. For geometry creation Fusion 360 
software is used.  This study is carried out on 2-dimensional  

models of the three terracotta tubes identical to the one used 
in experimental work. The dimensions and shape of the test 
tubes are discussed earlier in the experiment section.  These 
models of test tubes are analyzed to get average percentage 

temperature drop at outlet against different inlet temperature 
keeping velocity of air at inlet and wall surface temperature 
constant for a particular case. It is important to note that air is 
made to pass from the bigger end to the smaller end of a 
frustum of the earthen tube. Furthermore, similar to 
experimentation all three kinds of tubes are analyzed for three 
different input velocities. Thus, the output temperature drop is 
studied against input parameters used are various inlet 
temperatures at various input air velocities.  

Input air temperature values used are 40 0C,41 0C, 42 0C,43 
0C, 44 0C 

Input air velocities values used are 2.5 m/s, 5 m/s, 10 m/s 

Wall Surface temperature = 25 0C 

 

B. Sample Calculations for Analytical study: 

Let,  

tin = inlet temperature for the nth case 

ton = outlet temperature for the nth case  

 Percent drop in outlet temperature,        

𝑖𝑛𝑙𝑒𝑡 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 − 𝑜𝑢𝑡𝑙𝑒𝑡 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒

𝑖𝑛𝑙𝑒𝑡 𝑡𝑒𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒
 𝑥 100 

 Percent drop in outlet temperature,  

𝑡𝑖𝑛 − 𝑡𝑜𝑛

𝑡𝑖𝑛
 𝑥 100 

Let, 

P1n = percent drop in outlet temperature for plane tube for the 
nth case, 

P2n = percent drop in outlet temperature for a tube with 
dimples for the nth case, 

P3n = percent drop in outlet temperature for a tube with 
protrusions for nth case 

Percent change in temperature drop for a tube with dimples, 

 𝑃2𝑛 −  𝑃1𝑛 

𝑃1𝑛 
 𝑥 100 

Percent change in temperature drop for a tube with 
protrusions, 

 𝑃3𝑛 −  𝑃1𝑛 

𝑃1𝑛 
 𝑥 100 

Fig. 3 and Fig. 4 represent the contours of static 
temperature and static pressure respectively obtained through 
ANSYS software analysis. Table 3 shows the variations of 
percent change in temperature drop at an outlet for dimpled 
and protrusion tube concerning plain tube.  
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Fig. 3 Counters of Static Temperature for (a) plain tube, (b) protrusion 

tube, (c) dimpled tube. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Contours for static pressure for (a) plain tube, (b) protrusion tube, (c) 

dimpled tube. 

TABLE I. INLET TEMPERATURE, MINIMUM OUTLET TEMPERATURE, AND MAXIMUM CHANGE IN TEMPERATURE FOR EACH   TUBE AT   EACH VELOCITY OBTAINED 

THROUGH EXPERIMENTATION 
Velocities ► V1 = 2.7 m/s V2 = 3.7 m/s V3 = 4.9 m/s 

Temperatures 

(0C) ► 
Ti To dT Ti To dT Ti To dT 

T
u

b
e
s Plain Tube 24.33 20.2 4.13 24.33 20.8 3.53 24.33 21.4 2.93 

Dimpled Tube 23 20.1 2.9 23 20.2 2.8 23 20.3 2.7 

Protrusion Tube 24.3 19.7 4.6 24.3 20.2 4.1 24.3 20.6 3.7 

TABLE II. VARIATION OF FLOW CHARACTERISTICS, AND HEAT TRANSFER RATE, Q (W) FOR INPUT VELOCITY V1 = 2.7 M/S     

                                                                                                 

 

 

 

TABLE III. VARIATION OF FLOW CHARACTERISTICS, AND HEAT TRANSFER RATE, Q (W) FOR INPUT VELOCITY V2 = 3.7 M/S 

Tube Reynolds Number Nusselt Number 
Heat Transfer Rate, Q2 

(W) 

% change in Heat 

Transfer Rate 

Plain tube 55966.25 131.52 4.18 … 

Dimpled tube 58911.84 137.02 3.59 -14.11 

Protrusion tube 61857.43 142.48 5.47 +30.86 

Tube Reynolds Number Nusselt Number 
Heat Transfer Rate, Q1 

(W) 

% change in Heat 

Transfer Rate 

Plain tube 41238.29 103.01 3.98 … 

Dimpled tube 44183.88 108.86 2.95 -25.87 

Protrusion tube 47129.47 114.62 4.94 +24.12 
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TABLE IV. VARIATION OF FLOW CHARACTERISTICS AND HEAT TRANSFER RATE, Q (W) FOR INPUT VELOCITY V3 = 4.9 M/S   

Tube Reynolds Number Nusselt Number 
Heat Transfer Rate, Q3 

(W) 

% change in Heat 

Transfer Rate 

Plain tube 73639.80 163.81 4.34 … 

Dimpled tube 76585.39 169.63 4.27 -1.61 

Protrusion tube 79530.98 174.21 6.04 +39.17 

TABLE  V.  VARIATION OF THE PERCENTAGE CHANGE IN TEMPERATURE DROP FOR DIMPLED TUBE AND PROTRUSION TUBE OBTAINED   THROUGH EXPERIMENTAL 

STUDY 

 

TABLE VI. VARIATION OF HEAT TRANSFER RATE FOR ALL THREE TUBES OBTAINED THROUGH COMPUTER SIMULATION 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Rate of Heat Transfer against Velocity 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Variation of Nusselt number 

 

Heat 

Transfer 

Rate 

(W) 

Tubes 

Plain Tube 
% change in Heat 

Transfer Rate 
Dimpled Tube 

% change in Heat 

Transfer Rate 
Protrusion Tube 

% change in Heat 

Transfer Rate 

Q1 3.88 …. 2.72 -25.87 4.33 +24.12 

Q2 4.10 …. 3.37 -14.11 4.95 30.86 

Q3 4.28 …. 4.07 -1.61 5.59 39.17 

 

Test Tube Dimple Tube Protrusion Tube 

 Percentage Change in temperature drop at the 

outlet 
Percentage Change in temperature drop at the outlet 

Velocity 2.5m/s 5 m/s 10 m/s 2.5 m/s 5 m/s 10 m/s 

In
le

t 

T
em

p
er

a
tu

re
 40 0C -10 -5.50 -5.59 10.8 18.92 17.37 

41 0C -9 -5.50 -5.59 10.9 16.47 17.31 

42 0C   -9 -5.50 -5.59 10.92 16.45 17.52 

43 0C   -10 -5.50 -5.59 11.2 16.51 17.62 

44 0C -9 -5.50 -5.59 11.09 16.6 17.72 
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Fig. 7: Variation in Outlet temperature w.r.t. time obtained through 

Experimental work for (a) Plain Tube, (b) Dimpled Tube, (c) Protrusion Tube 

 

V. RESULTS AND DISCUSSION 

A. Results from Experimental work 

The experimental data is used to tabulate the flow 

characteristics like Reynolds number and Nusselt number along 

with heat transfer rate as shown in table 2,3 and 4 for different 

test tubes at different velocities. Further, it is used to plot 

various thermal and flow characteristics. Fig. 3 shows the 

contours of static temperature for all three tubes and depicted 

that as the air flows from the bigger end to the smaller end of 

the tube it gets cooled along the boundary of tubes. It is clear 

from Fig. 4 that static pressure drops at a minimum in the case 

of dimpled tube and protrusion tube as compared to plain tube. 

Thus, tubes with dimples and protrusions offered no significant 

drop in pressure. Fig. 7 shows the variation in the temperature 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: Variation in percent drop in outlet temperature obtained through 

Computer Simulation for input temperature (a) 40 0C, (b) 42 0C, (c) 44 0C 

 

at outlet concerning the time at three different velocities. It 

shows that temperature difference increases with time but 

decreases with an increase in velocity. It is seen from Tables 2, 

3, and 4 that the heat transfer rate increases with an increase in 

velocity due to an increase in Reynolds number. But it is seen 

earlier that we get the maximum cooling effect for the lower 

velocity of incoming air despite increased heat transfer rate. 

This might be because as the velocity of air increases turbulence 

increases resulting in more molecular friction between air 

molecules. This friction between air molecules rises the 

temperature of the air. Also, contact of air with tube wall for 

more duration due to lower velocity increases the cooling 

effect. Thus, the resultant temperature coming out of the tube 

decreases. It means the lower the input velocity higher the 

cooling effect. Fig. 5 is a plot for heat transfer rate against 
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velocity for all three tubes. It is clear from the plot that the heat 

transfer rate is maximum (6.04 W) for a tube with protrusion 

followed by plain tube (4.34 W) and lastly by dimpled tube 

(4.27 W). The percent change in heat transfer for dimpled and 

protrusion tube is depicted in table 5. The negative value in the 

case of the dimpled tube shows that for dimpled tube heat 

transfer rate is less than the plain tube of identical dimensions. 

The positive percent change in heat transfer rate denotes the 

superiority of the protrusion tube over the plain tube in heat 

transfer. Therefore, a protrusion tube with air administered at a 

lower velocity is the best option to obtain the optimum cooling 

effect. Also, it is seen from Fig. 5 that the graph for the plain 

tube is flatter than steeper graphs of dimple and protrusion tube 

indicating that for plain tube there is not much effect of velocity 

on heat transfer in case of the plain tube. Fig. 6 shows the flow 

characteristic for all three tubes.  

B. Result and Discussion for Computer Simulation 

The data obtained through computer simulation on Ansys 

software is used to tabulate table 6 which shows the variation 

of the percentage change in temperature drop for dimpled tube 

and protrusion tube. Further, it is used to plot a graph as 

shown in Fig. 8. From Fig. 8 it is clear that a drop in 

temperature at the outlet is maximum for protrusion tube 

followed by plain tube and lastly by dimpled tube. It is also 

seen that when input air is administered at lower velocity 

temperature drop is maximum in terms of giving more 

cooling. The causes of this phenomenon are already discussed 

in results and discussion of experimental work. 

VI. CONCLUSIONS: 

The study concludes that protrusion tube is more suitable for 

evaporative coolers followed by plain tube and lastly by 

dimpled tube. It is found that heat transfer and percent 

temperature drop increase with the use of protrusions by about 

39.17 % and 17.2 % respectively as compared to plain tube. It 

is also observed that flow characteristics like Reynolds number, 

Nusselt number increase with the use of dimples and 

protrusions without any significant pressure drop. Reynolds 

number increases in case of dimpled tube and protrusion tube 

primarily because of irregularities present on the inner surface 

of the tube and further due to conical shape of a tube. Reynolds 

number increase in the case of plain tube primarily because of 

the conical shape of a tube. The rate of heat transfer increases 

with an escalated Reynolds number and input temperature of 

the inlet flow of air. Though, higher input velocities increase 

the heat transfer it also led to more intermolecular frictions 

between air molecules and offer less contact with the wall 

surface of the wet tube resulting in a lower net temperature drop 

at the outlet. Thus, it is also concluded that the input air should 

be administered at lower velocities to get maximum 

temperature drop. Thus, to get maximum cooling effect 

protrusion tubes are to be used with lower input air velocities 

for Evaporative cooler applications like Deki cooling 

installations. Also, it is clear that simulation results support the 

experimental results and are in line with each other. 
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Abstract 
Nanocrystalline NbR2ROR5R based thin film sensors of smaller crystallite size were prepared by modified hydrothermal method. The 
samples were characterized by X-ray diffraction, XPS, SEM and TEM analysis. The gas sensing performance of NbR2ROR5R sensors was 
demonstrated for the gases like acetone, ammonia and LPG. It was found that, Nb-450 thin films show the fast and optimum 
response towards 400 ppm ammonia gas at 250˚C. For the recovery process, the sample indicated slow recovery performance under 
most sensing situations. However, a comparatively better performance is observed over most of the reported NbR2ROR5R based sensors. 
These results provide new insights into the capabilities and limitations of NbR2R0R5R sensors. 
 
Keywords: 35TNbR2RO:  Niobium Oxide: Gas Sensor: HR2RS Sensors: 

1. Introduction 

Niobium Pentoxide (NbR2ROR5R) is an n-type semiconductor with a band gap of about 3.4 eV, low in comparison 
to other oxides. The interest in studying the NbR2ROR5R is due to its remarkable physicochemical properties and structural 
isotropy suitable for a wide range of applications in the construction of gas sensing, electrochromics display and 
photoelectrodes, as well as in field-emission displays and microelectronics [1-6]. Studies were conducted in the past on 
the use of NbR2ROR5 Rnanoparticles for environmental remediation in water through of photocatalytic processes  because of 
its stability in an aqueous medium, its surface acidity, redox and photocatalytic properties, which are intrinsically 
linked to its structure [7-9]. Band gap of NbR2ROR5R has been reported to vary from semiconducting (3.1 eV) to insulating 
(5.3 eV) range and can be adjusted through doping, changes in crystallinity and stoichiometry and heat treatment to 
obtain different phases. The most stable phases of NbR2ROR5R are the orthorhombic (o), tetragonal (t) and monoclinic (m), 
usually activated via thermal treatment at 800, 1000 and 1100˚C respectively with typically an amorphous polymorphs 
below 500˚C. 

Sensor devices based on NbR2ROR5R for gas, humidity, biological and chemical sensing as well as photodetection 
have been successfully demonstrated. Generally, the main parameters for good sensing device performance are the size, 
morphology, aspect ratio, intergranular connectivity, porosity, surface energy, stoichiometry and surface area to volume 
ratio of the incorporated sensing material [10, 11]. Depending on the type of gas species, reducing or oxidizing, the 
interaction between the gas molecules and the NbR2ROR5R films changes the charge carrier concentration and the potential 
barrier of the NbR2ROR5R films. These affect the physio-chemical property of the films corresponding to the gas constituents 
exposed to the sensor. So far, the investigated gases that have been examined using NbR2ROR5R are OR2R, hydrogen (HR2R), 
dissolved OR2R, carbon monoxide (CO), ammonia (NHR3R) and a number of hydrocarbons (HCs) [12-24]. The detection 
principle of this material is based on the reversible modulation of the electrical conductance in the presence of 
oxidizing or reducing gases.  

In this research, NbR2ROR5 Rnanosize powders were prepared by modified hydrothermal method using different 
sintering temperatures (400-550°C). The powders obtained were characterized by X-ray diffraction (XRD), scanning 
electron microscopy (SEM) and Transmission electron microscopy (TEM). Also by the BET method in order to obtain 
measurements of surface area, the UV-vis diffuse reflectance spectroscopy (DRS) to identify the band gap energy and 
the Raman spectroscopy to perform a vibrational characterization. 
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2 Experimental Details 

2.1 Synthesis of NbR2ROR5R Powders 

Niobium pentachloride (NbClR5R), Liquid ammonia (NHR3R), Potassium permanganate (KMnOR4R), Sodium nitrate 
(NaNOR3R) and hydrogen peroxide (HR2ROR2R) were purchased from Merck Chemicals. Double distilled water was used 
throughout the synthesis procedure. All chemicals were used as received without any further purification. 

In a typical synthesis, 5 g Niobium pentachloride was mixed with 20% ammonia solution and 20% HR2ROR2R to 
give a sol. To the sol, the mixture of 1 M Ethylene glycol and 0.2 M NaOH solution was added and the mixture was 
stirred for 1 h at 50˚C. The prepared solution was transferred into a Teflon-lined stainless steel autoclave of 100 mL 
capacity and sealed. The reaction was performed at 300˚C for 10 h followed by the cooling to room temperature. 
Further, the obtained white precipitate was centrifuged for the separation of the powder from liquid. It was then washed 
3-4 times with deionized water and ethanol and dried at 50˚C for 4 h in air. Finally, the NbR2ROR5R modified materials were 
obtained by the calcination of obtained precipitate in air atmosphere at 400, 450, 500 and 550˚C for 4 h and samples 
were coded as Nb-400, Nb-450, Nb-500 and Nb-550 respectively. 

2.2 Preparation of NbR2ROR5R Thin Films 

For the screen printing technique, the paste of as synthesized NbR2ROR5 Rpowder was prepared by dissolving it in 
appropriate quantity of terpineol. Further, the paste was screened on the glass substrate with the dimension of 8 x 12 
mmP

2
P, and then the films were dried and heated in a box furnace in the air at the temperature of 500˚C for 30 min. The 

films obtained were then examined to study their physical and gas sensing properties. 

2.3 Characterization  

Crystal structures of the commercial and synthesized NbR2ROR5R samples were studied by XPS and X-ray 
diffraction (XRD) techniques. Powder XRD patterns were recorded on a Philips diffractometer (PW1800, CuKα 
radiation, graphite monochromator). Particle shape and product morphology were characterized by scanning electron 
microscope. Measurements of the surface area of the dry powder were done by nitrogen adsorption–desorption 
isothermal analysis. Mean diameter of particles was determined by counting the particles shown in TEM images. 

3. Results and Discussion 

3.1 X-ray Diffraction Analysis 

Figure 3.1 XRD patterns peak analysis verifies that those Nb 2TR2R2TO 2TR5R 2Tsamples obtained by the modified 
hydrothermal method heated at 450°C have the orthorhombic crystalline structure due to the existence of dominant 
diffraction peaks according to PDF cards No. 30-0873 (contained in the Power Diffraction File) for the T-Nb 2TR2R2TO 2TR5R 2Tphase, 
(a = 6.168 Å, b = 29.312 Å, c = 3.936Å). The XRD patterns of the samples calcined at 400°C also displayed the 
existence of the T-Nb 2TR2R2TO 2TR5R 2Tphase although with less crystallinity. 

 

 
Figure 3.1 XRD pattern of as synthesized NbR2ROR5R samples calcined at (a) 400˚C, (b) 450˚C, (c) 500˚C and (d) 550˚C. 

To analyze the crystallite growth, the crystallite size (d) of the Nb 2TR2R2TO 2TR5 R2Tnanoparticles was calculated by the 
Scherrer’s equation: 
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d = 
𝑲𝝀

𝜷𝒄𝒐𝒔𝜽
 

where, K is the shape correction factor, the value 0.9 is taken as the volume-averaged crystallite dimension 
perpendicular to the hkl diffraction plane; λ is the wavelength used, θ is the Bragg diffraction angle measured hkl peak 
and β represents the FWHM (Full width at half maximum) measured in radians on the 2θ scale [ 1T22] 1T. The broadening lines 
chosen for the d estimate correspond to (001), (180), (181), (002), (380), and (212) crystalline planes according to PDF 
No. 01-071-0336 reported in Inorganic Crystal Structure Database (ICSD) [ 1T23]1T. The crystallite size of nanoparticles on 
the T-Nb 2TR2R2TO 2TR5R 2Tphase increases in the range of 20 to 50 nm with an increase in calcination temperature, as shown Table 
3.1. 

 
Figure 3.2(a) The XPS scan of the NbR2ROR5R calcined at 450˚C. 

Table 3.1 Calcination temperature, crystallite size (obtained from (001) & (180) planes of XRD) and specific surface area of as synthesized 
NbR2ROR5R samples. 
 

Samples Calcination 
Temperature (˚C) 

Crystallite Size 
(nm) 

Specific Surface 
Area (SRBETR) 

(mP

2
P/g) (001) (180) 

Nb-400 400 36.3 37.6 11.54 

Nb-450 450 11.7 12.6 75.42 

Nb-500 500 22.5 24.3 22.14 

Nb-550 550 35.6 36.3 13.23 
 

Table 3.1 also shows the results of specific surface area, SRBETR determined by taking data at relative pressures 
between 0.02 and 0.15. The method had accuracy constraints during the measurement process. This fact was observed 
because the values of SRBETR were less than 10m P

2
P/g. The SRBETR data show that the increase in the calcination temperature 

from 450°C to 550°C resulted in the progressive decrease of specific surface area of the NbR2ROR5R nanosized powders. 
This is mainly because a more high calcination temperature can lead to a greater proportion of the pore coalescence due 
to the further crystallization of walls separating mesopores in their structure which be established through measurement 
of pore size.  

3.2 XPS Analysis 
An XPS analysis was employed to determine the chemical com-position and valencies of the NbR2ROR5R. Figure 

3.2(a) shows the spectrum of the Nb2O5 sample calcined at 450˚C. The signals of Nb and O are visible, confirming the 
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presence of niobium and oxygen elements. As shown in Figure 3.2(b), the high-resolution spectrum for the Nb region 
exhibits the Nb3dR3/2R peak at 210.08 eV and Nb3dR5/2R at 207.28 eV. The spectra obtained indicate that the film is com-
posed of NbR2ROR5R, which is consistent with a previous report [43]. The existence of low peak of C1s in the survey 
spectrum is expected due to COR2R adsorption or contamination carbon from the environment. Unlike other metal oxides 
such as anodized TiOR2R [44], the XPS pattern shows that there is no fluoride doping effect after the anodization process, 
which is beneficial for reducing the internal electron scattering during the passage of electrical current in NbR2ROR5R [31]. 

 
Figure 3.2(b) The XPS spectrum of Nb3d peaks of the NbR2ROR5R calcined at 450˚C. 

3.3 Raman Spectra 
Figure 3.3 shows the Raman spectra of sample NbR2ROR5R obtained by modified hydrothermal method and 

calcined at 450˚C. The spectra in Figure 3.3, corresponds to a well-developed crystalline structure of NbR2ROR5R.For Irena 
et al. [29] the bands in the 400-800 cmP

-1
P wavenumber region are assigned to the symmetric and antisymmetric 

stretching mode of the Nb-O-Nb linkage. While the Raman band at 235 cmP

-1
P becomes the bending mode of Nb-O-Nb. 

The figure shows that the calcination temperature of 450°C is ideal for obtaining the crystalline NbR2ROR5R. In general the 
Raman study shows that an increase of the synthesis temperature causes an increase in the material crystallinity because 
an increase in the synthesis temperature led to a sharp peak, this fact is verified with the values of the crystallite size 
that were estimated by the Scherrer equation (Table 3.1). 

 
Figure 3.3 Raman spectra for sample Nb-450 calcined at 450˚C. 

3.4 FTIR Analysis 
Figure 3.4 displays the FTIR spectra of the samples Nb-400, Nb-450 and Nb-500. After calcination at 400˚C, 

an intense broad band centered around 659 cmP

-1
P and a shoulder-like band near 988 cmP

-1
P are observed. The increase of 

the calcination temperature brings about an increase in intensity of the bands. The intensity of Nb-400 sample is lower 
as compared to that of Nb-450 and Nb-500 samples that was due to the amorphous nature at that temperature, and was 
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in agreement with the XRD pattern. While increasing calcination temperature leads to an increase in the intensity of 
bands. This is probably because of the greater asymmetry in the unit cell and the possible interaction between the Nb–O 
groups. The band near 988 cmP

-1
P appears in all the spectra, which has been assigned to a highly distorted octahedral 

NbOR6R containing Nb=O bond. An increase in the calcination temperature leads to an increase in the intensity of the 
Nb=O bonds [30]. Also, the relative intensity of the band at the lower frequency of near 649 cmP

-1
P, which is assigned to 

the Nb–O bond of the slightly distorted NbOR6R octahedra, is increased with an increase in the temperature. The increase 
in the intensity of the bands at 659 and 988 cmP

-1
P in high calcination temperatures may be due to the existence of more 

Nb–O and Nb=O bonds in the structure adopted at 450˚C, respectively. 

 
Figure 3.4 FTIR spectra of (A) Nb-400, (B) Nb-450 and (C) Nb-500 samples. 

3.5 Scanning Electron Microscopy (SEM) 
Figure 3.5 shows the SEM images, displaying the morphologies of the NbR2ROR5 Rparticles obtained by calcination 

at 450˚C. As shown in Figure, the NbR2ROR5R sample has a spongy tissue with small particles (<10 nm). This tissue 
possesses the highest surface area (75.42mP

2
P/g) and a uniform distribution of pores. However, it was observed that with 

increasing the calcination temperature leads to a strongly agglomeration in case of Nb-500 and Nb-550 samples (SEM 
images are not presented here).  

 
Figure 3.5 SEM images of sample Nb-450 calcined at 450˚C. 

3.6 Determination of Film Thickness 
To measure the effect of film thickness, the screen printing of the sample Nb-450 was done in three different 

cycles (Table 3.2). The film thickness was measured by a weight difference method [15] in which weight of the sample, 
area and densities were considered. In order to measure the thickness of the thin films by using weight difference 
method, error and accuracy was found to be ± 5 % nm. The relation of the film thickness (t) with sample weight (M (in 
g)), density of material (ρ (in gcmP

−3
P)) and sample area (A (in cmP

2
P)) is presented in the following equation: 
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𝒕 =  
𝑴
𝑨𝝆

 

 
 
 
The thickness of the film was in the range of 100-130 nm. The values of the film thickness with printing cycle are given 
in Table 3.2.  

Table 3.2 Details of samples with film thickness and activation energy. 

Sample Screen Printing Cycle Film Thickness (nm) 
Activation Energy (ΔE) 

At 30˚C At 100˚C 

Nb-450-I 05 100 0.42 eV 0.57 eV 
Nb-450-II 10 122 0.34 eV 0.41 eV 
Nb-450-III 15 130 0.22 eV 0.31 eV 

 

 
Figure 3.6 I–V characteristics of thin films (A) Nb-450-I, (B) Nb-450-II and (C) Nb-450-III.  

3.7 I-V Characteristics  
The sensor films were prepared in dimension as: 1.5 cm × 1 cm. The contacts were made by silver paste on 

thin film surface. Figure 3.6 shows the I–V characteristics of samples Nb-450-I, Nb-450-II and Nb-450-III observed to 
be nearly symmetrical in nature indicating ohmic contacts. The non-linear I–V characteristics may be due to 
semiconducting nature of the films. Sample Nb-450-I, Nb-450-II and Nb-450-III are the films obtained by screen 
printing cycle intervals of: 5, 10 and 15 respectively. Therefore, the thickness of the films goes on increasing in the 
sequence of Nb-450-I > Nb-450-II > Nb-450-III. 

 
Figure 3.7 Variation of log (σ) with operating temperature (˚C) thin films (A) Nb-450-I, (B) Nb-450-II and (C) Nb-450-III. 

3.8 Electrical Conductivity  

Figure 3.7 show the variation of log (σ) with operating temperature. The conductivity of each sample is 
observed to be increasing with an increase in temperature range between 50˚C and 150˚C. The increase in conductivity 
with increase in temperature could be attributed to negative temperature coefficient of resistance and semiconducting 
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nature of nanostructured NbR2ROR5R. For the metal oxide semiconductor thin films it is reported that, when thickness of the 
film increases activation energy goes on deceases [16, 17]. The activation energy calculated from slopes of line for 
sample Nb-450-I, Nb-450-II and Nb-450-III are given in Table 3.2. It is clear from Table 3.2 that, as film thickness of 
the sample goes on increasing; while the activation energy goes on decreasing. The decrease in activation energy with 
increasing film thickness may be due to the change in structural parameters, improvement in crystallite and grain size 
[18]. 

3.9 Gas Sensitivity Measurements   

To investigate the gas sensing properties of the synthesized NbR2ROR5R thin films, various gases acetone, ammonia 
and LPG were selected. We also have repeated testing for at least two sensors for each nanostructure and sensing test 
condition, which makes the results more reliable and repeatable. All the gas sensing measurements were done at the 
temperature range from 50 to 300˚C. 

3.9.1 Effect of Operating Temperature 

Figure 3.8 shows the variation in response with the operating temperature to 400 ppm of acetone, ammonia 
and LPG gases for Nb-450-II thin films for 10 min. For all the gases, the response increases with increase in operating 
temperature and reach maximum at 250˚C for NHR3R gas. Gas sensitivity depends on two factors, namely: the speed of 
chemical reaction on the surface of the grains and the speed of the diffusion of gas molecules to that surface. At low 
temperatures the sensor response is restricted by the speed of chemical reactions. At higher temperature the sensor 
response is restricted by the speed of the diffusion of gas molecules to the sensor surface.  
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Figure 3.8 Gas response of Nb-450-II for 400 ppm of various gases.  

[Gas Concentration: 400 ppm, Gas Exposure time: 10 min.] 

At some intermediate temperature the rate of two processes; the chemical reaction on the surface of the grains 
and the diffusion of gas molecules on sensor surface become equal, at that point the sensor response reaches its 
maximum. According to this mechanism for every gas there is a specific temperature at which the sensor response 
attains its highest value which depends upon the nature of sensor and interacting gas. A 40-min response time is not 
long enough to obtain a stable response at low temperature 250˚C. Nevertheless, any bulk effect is unlikely because of 
the rapid desorption observed. For many oxides, such as SnOR2R, TiOR2R and NbR2ROR5R, bulk properties are 
thermodynamically equilibrated with oxygen partial pressure only at the working temperature above 700°C [7]. 

At lower temperatures, the conductivity variation is associated to a surface conductivity variation. Heiland 
reported that, in n-type semiconductor, chemisorption of oxidizing or reducing gases induces the creation of acceptor or 
donor surface states, respectively [8]. The presence of a reducing gas creates surface states located above the Fermi 
level and sets up a charge enhancement zone at the grain surface. This phenomenon is the more important as the 
concentration of the reducing gas NHR3R increases [9]. 

3.9.2 Effect of Gas Concentration 

Figure 3.9 shows the relation between gas response and concentration of various test gas for Nb-450-II sample 
at 250°C. From the graph, it was observed that the sensitivity of thin films for all test gas increases linearly with 
increase in gas concentration up to 1000 ppm. Beyond 400 ppm the increase in sensitivity is slow and it almost 
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saturates at 1000 ppm. At a low concentration of gas, when exposed on a fixed surface area of a sample, there is a less 
coverage by gas molecules on the surface and hence slow surface reaction occurs. An increase in gas concentration 
increases the surface reaction due to a larger surface coverage. A further increase in surface reaction will be gradual 
when the saturation point on the coverage by molecules is reached. 

200 400 600 800 1000
0

100

200

300

400

500

600

G
as

 R
es

po
ns

e 
(p

pm
)

Gas Concentration (ppm)

 Acetone
 NH

3

 LPG

 
Figure 3.9 Gas response of Nb-450-II for various gases.  

[Operation Temperature: 250˚C, Gas Exposure time: 10 min.]. 

3.9.3 Effect of Calcination Temperature 

The effect of calcination temperature on gas sensing property of screen printed NbR2ROR5R thin film sensors as 
investigated and results are presented in Figure 3.10. Figure 3.10 depicts that, the NbR2ROR5R ample obtained at 450˚C 
showed maximum sensitivity for 400 ppm of ammonia at 250˚C. This is because of the smaller crystallite size (11.7 
nm) and the large specific surface area (75.42mP

2
P/g) of the Nb-450-II. From Table 3.1, it is clear that, the crystallite size 

of as synthesized NbR2ROR5R sensors increases with calcination temperature. Moreover, the specific surface area decreases 
on calcination of the samples above 450˚C. Decreased specific surface area (in Nb-500-II and Nb-550-II thin films) 
provides less number of available sites for adsorption of target gas that in turn decreases the sensing activity of the 
sensors.    
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Figure 3.10 Effect of calcination temperature on ammonia (400 ppm) sensing efficiency of screen printed NbR2ROR5R thin films. 

3.9.4 Response and Recovery Time 

The transient response characteristics of Nb-450-I, Nb-450-II and Nb-450-III exposed to 1000 ppm towards 
ammonia are shown in Figure 3.11. From figure it is observed that, the films exhibited enhanced sensitivity towards 
Nb-450-II and is mainly attributed to the change in morphology of the sample with increase in thickness of the film 
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significantly. The adsorption of oxygen on the surface increases the resistance of the sensor material due to transport of 
electrons from conduction band to adsorbed oxygen which results in increase in gas response. The response and 
recovery time values for the samples are given in Table 3.3. Fast response of 90 sec was observed in case of Nb-450-II, 
which is attributed to small crystallite size and subsequently large surface area. From the results, we concluded that for 
Nb-450 thin films thickness of 122 nm is an appropriate value for its use in gas sensing applications. The Nb-450-II 
thin film sensor attains its initial value within 220 sec. which indicates that its surface rejuvenates after refreshing with 
air. The short response and recovery times are the merit of the Nb-450-II sample.  

 
Table 3.3 Response and recovery time for Nb-450 thin film sensors. 

 
Time (sec) Nb-450-I Nb-450-II Nb-450-III 

tR(response) 120 90 135 
tR(recovery) 435 220 558 

 

3.9.5 Stability 

The sensor reliability was strongly dependent on the stability exhibited by the sensor material. It was well 
known that oxide based sensor possess common drawback of decrease in response due to ageing induced effects. 
Stability is the consistence of the response of a sensor under continuous testing. The responses of the Nb-450-II thin 
film sensor towards ammonia were measured on 20P

th
P, 40P

th
P and 60P

th
P days after the first measurement and are shown in 

Figure 3.12. It was found that after two months, the material performs 92% of it was earlier performance confirming 
the stability.  
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Figure 3.11 Plot of stability for Nb-450-II sample. 

4. Conclusion 

The nanocrystalline NbR2ROR5R sensors with high surface area (up to 75.42mP

2
P/g) and smaller crystallite size were 

prepared by modified hydrothermal method. The gas sensing performance of NbR2ROR5R sensors was demonstrated for 
acetone, ammonia and LPG. It was found that, Nb-450 thin films show the fast and optimum response towards 400 
ppm ammonia gas at 250˚C. For the recovery process, the sample indicated slow recovery performance under most 
sensing situations. However, a comparatively better performance is observed over most of the reported NbR2ROR5R based 
sensors. To further improve the performance and to find better selectivity for other gases such as HR2RS, the NbR2ROR5 
Rsamples are further modifications are in progress. 
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