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Preface 

ABOUT SEMINAR  

 

National Seminar on “High Level  Thinking  Using Artificial Intelligence” is a global event organized 

by Sengunthar Engineering College. This Seminar provides an international forum for researchers, 

developers, engineers and practitioners who are involved in real time projects that provide 

solutions to exchange their valuable ideas and showcase the ongoing works which may lead to path 

breaking foundation of the futuristic engineering. It accentuates indispensability of 

interdisciplinary and cross – linked thinking with respect of innovation and market opportunities.  

ABOUT OUR INSTITUTION 

 

Sengunthar Engineering College was established with the ideal motto of “Education, Edification and 

Elevation”, in the year 2001 underneath of Sengunthar Charitable Trust which always aspires to 

hone the skills of young minds, maintains better standards and develops scientific temper. 

Sengunthar has been producing successful professionals, technocrats, entrepreneurs and 

academicians, since from the inception.  

  This Co-educational, Self-financing Engineering College, started with the approval of 

Government of Tamilnadu in 2001 and it is approved by All India Council for Technical Education 

(AICTE), New Delhi and affiliated to Anna University, Chennai. It has been recognized by UGC, New 

Delhi under the Section 2(f) and 12(B) of the UGC Act, 1956 and also Accredited with “A” Grade by 

NAAC. The college is Certified as ISO 9001:2008 Institution by BSCIC. The College started with 3 

Under-Graduate Programmes with the Student-Strength of 104 in the year, 2001, now offers 5 

Under-Graduate Programmes, 4 Post-Graduate Programmes, and 2 Ph.D. Research Programmes 

with the support of 147 Teaching Faculty Members and 32 Non-Teaching Staff Members.  

The College has had an excellent and consistent academic record right from the beginning. 3 

Gold Medalists and 124 University Rank Holders are produced by the eminent faculty members is 

yet another significant milestone. 

  

 

PROGRAMMES 

UG Programmes 

1. B.E. Civil Engineering 

2. B.E. Computer Science and Engineering 

3. B.E. Electronics and Communication Engineering 

4. B.E. Electrical and Electronics Engineering 
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5. B.E. Mechanical Engineering 

PG Programmes 

1. M.E. Structural Engineering 

2. M.E. Computer Science and Engineering 

3. M.E. VLSI Design 

4. Master of Business Administration (M.B.A.) 

Ph.D. Research Programmes 

1. Computer Science and Engineering 

2. Electronics and Communication Engineering 

 

AWARDS/ HONOURS 

 

Over the years, the College has grown by leaps and bounds and has made its presence felt in 

this region because of its unflinching commitment to excellence. The College not only serves as a 

Center of Academic Excellence but also acts as a platform for students of diverse interests, ranging 

from Curricular, Co-curricular and Extra-curricular activities. The following awards and 

recognitions were placed by external agencies: 

⮚ The Staffordshire University, UK and Education Matters in Collaboration presented the 

Award “Teaching Awards in Engineering” to the Department of ECE which has produced 

University Ranks in the academic year, 2013-2014 

⮚ Ranked as “AAA” in India’s Best Engineering Colleges by Career360° in the year 2019 

⮚ Obtained 124th rank in All Over India Best Engineering College by India Today in the year 

2019 

⮚ Ranked 9 th place in the lowest fees in India Today in the year 2019 

⮚ Retained 6th Position in Ranking of Promising Engineering Colleges in India and obtained 

21st Rank at Top Engineering Colleges in Tamilnadu by GHRDC – CSR Survey 2018   

 

HIGHLIGHTS OF SEC 

 

⮚ Permanent Affiliation for ECE, EEE, Mechanical and CSE Programmes 

⮚ CSE & ECE  Departments are Approved Research Centre by Anna University, Chennai 

⮚ ‘Mentor of Change’ for the Government of India’s flagship program of Atal Tinkering Labs (ATLs), 

established by the Atal Innovation Mission, NITI Aayog.  

⮚ Centre of Excellence in ECE Department in Association with M/s. ABE Semi conductors. 

⮚ Established Innovation Lab DSP, IoT and Robotics in Collaboration with M/s. Texas 

Instruments, USA and  Knowledge partner STEPS, Coimbatore 



v 
 

⮚ National Cyber safety and  Security Nodal Centre for Namakkal Dist., 

⮚ MHRD- IIC Certified Institution 

⮚ Obtained GOLD rating at AICTE-CII Survey of  Industry linked Technical Institute 2018 

⮚ Remote centre of IIT Bombay 

⮚ In all Departments Ph.D. holders serve as mentors 

⮚ SEPARATE BLOCK for each Department 

⮚ Wi-fi Campus 

⮚ Well stacked Library with various e-journals 

⮚ Start up- Incubation Centre – Sentrix IT Park Inside the Campus 

⮚ Online Learning Management System for Students (LMS) 

⮚ More than  40 Committees and clubs are functioning for the benefit of students 

⮚ Free Transport Facility for Students and Faculty Members 

⮚ Pit – stop café 

⮚ Good placement record  Track 

⮚ Personality Development Programmes and Department wise Value Added Courses offered 

as per the demand of the industry  Intensive training to produce a new breed of 

Entrepreneurs 

⮚ 1 Crore Merit and Community Scholarship given by Trust 

⮚ Sports clubs are associated with Zonal, District, State and National level Sports Association 

⮚ “SECAPPS” Android Mobile Application for stake holders 

⮚ Special scholarship for Physically Challenged persons 

⮚ A strong network of alumni serves as a forum to share the industrial exposure 

 

 

Proceeding of the NATIONAL SEMINAR ON “HIGH LEVEL THINKING USING ARTIFICIAL 

INTELLIGENCE” has been published with ISBN: 978-93-87793-95-8 at Sengunthar 

Engineering College Tiruchengode, Namakkal Dist. Tamilnadu (India) the collaboration of 

MHRD  on  14th June 2019 
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FROM OUR CHAIRMAN’S CHAMBER… 

 

 

 

I am delighted to state that this one day national seminar which 

provides an ideal forum for exploring the recent developments and 

advancement pertaining to all the profession. The national seminar will 

provide an exceptional platform to the researchers to meet, discuss the 

Practical Solutions, Scientific Results and Methods in solving intriguing 

problems with people who are actively involved in these emerging fields. 

I admire the efforts of our Secretary and Correspondent, Principal and 

the Staff members to organize this national seminar successfully. I laud your 

creditable steps.  

With best wishes, 

 

Ever Yours, 

Thiru Jansons T.S.Natarajan 

Chairman 

Sengunthar Charitable Trust 
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FROM OUR CORRESPONDENT’S DESK… 

 

 

 

 

My Dear Students,  

Clear Vision,  

Backed by definite plans,  

Gives you a tremendous feeling of confidence and personal power. 

I am being extolled about the gorgeous march of the visionary 

achievement through this national seminar. The aim of the one day national 

seminar is to provide a platform to the researchers and practitioners from 

both academia as well as industry to meet and share cutting-edge 

development in the field. Besides it will help to learn proven case studies and 

success stories across industries and the risks and potential. I congratulate the 

principal, the staffs and the students of our college for organizing national 

seminar in a majestic manner.  

May God bless them with practical wisdom to win all glory.  

 

Ever Yours, 

Prof. A. Baladhandapani,M.A.,M.Phil., 

Secretary & Correspondent 

Sengunthar Charitable Trust 
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MESSAGE FROM PRINCIPAL DESK…                             

My Dears, 

The one day national seminar discloses our unity in work to weave a set 

innovative breed of Engineers. The national seminar will not only take stock 

of trends and developments at the globally competitive environment. Besides, 

it will help in sharing of experience and exchange of ideas, which will foster 

National collaborations. The seminar is a national forum which aims to bring 

together leading academician, researchers and research scholars to exchange 

and share their experiences and hard-earned technological advancements 

about all aspects based on their research. 

With an ecstasy, I thank our Management for the freedom and massive 

support rendered. I am out of words to express my gratitude to my Teaching 

and Non-Teaching Faculty Members for their immaculate virtue and caliber to 

conduct this national seminar. I wish good luck to my wards for their 

successful career.  

May God bless with wisdom and fill us with peace now and forever. 

With best wishes, 

Dr. C. VENKATESH, FIE., FIETE., 

Principal 

Sengunthar Engineering College 

Tiruchengode 
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Er. A. B. MADHAN, M.E., 

 

Chief Executive Officer, 

Sengunthar Institutions, 

Tiruchengode. 

 

Dears, 

Over the past year, there has been a lot of exchange of knowledge and 

clinical experience in the form of seminars, conferences, and workshops 

across the country 

Our thirsty in voyage of knowledge leads to grab a wide range of ideas and 

novel concepts. The one day national seminar on “High Level Thinking Using 

Artificial Intelligence” will wide open a new era. The national seminar would 

be of immense benefit to Management, Researchers, Academicians, Industry 

and participants from technical Institutes, R & D Organizations and students  

I wish this national seminar on “High Level Thinking Using Artificial 

Intelligence” plays role in transferring this dynamic teen to a responsible 

adult. 

With best wishes, 

 

Ever Yours, 

Er.A.B.Madhan 

Chief Executive Officer 
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Er. ARAVIND TIRUNAVUKKARASU, M.C.A., M.E., 

 

Director - Corporate Relation & Training, 

Sengunthar Institutions,                   

Tiruchengode. 

 

Dears, 

This one day national seminar intends to be the global forum for 

researchers, educators, academicians and engineers to present and discuss 

recent innovations and new techniques in Engineering and technology. The 

conference will be an ideal platform for delegates to exchange their ideas and 

experiences face to face with many networking opportunities. I hope this The 

national seminar on “High Level Thinking Using Artificial Intelligence” will 

provide a great platform for the students to share and exhibit their 

enthusiastic ideas. 

I congratulate all the organizers. I wish this function a phenomenal 

success. 

With best wishes, 

Ever Yours, 

Er. Aravind Tirunavukkarasu 

Director - Corporate Relation & Training 
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Abstract 

With the ever-increasing demand in urban mobility and modern logistics sector, the 

vehicle population has been steadilygrowing over the past several decades. One natural 

consequence of the vehicle population growth is the increase in trafficcongestion. Almost all 

(metropolitan) cities in India including the major ones like Mumbai, Delhi, Chennai, etcare 

sufferingfrom heavy traffic congestion. In the meanwhile, traffic accidents are plaguing the 

economic development as well. This article is about the use of artificial intelligence in vehicles. 

 

Keywords: Artificial intelligence, Vehicle intelligence, Next-generation vehicles, Electric 

Vehicles. 

 

1. INTRODUCTION 

1.1 Background 

With the ever-increasing demand in urban mobility and modern logistics sector, the 

vehicle population has been steadilygrowing over the past several decades. One natural 

consequence of the vehicle population growth is the increase intraffic congestion. Almost all 

(metropolitan) cities including the major ones, like Mumbai, Delhi, Chennai, etcare suffering 

from heavy traffic congestion. In the meanwhile, traffic accidents are plaguing the 

economicdevelopment as well. The number of traffic accidentshas been maintaining in a high 

number during the past fiveyears and people are having more and more vehicles. It isestimated 

that there is at least one person dying from trafficaccidents worldwide every minute. Besides 

traffic accidentsand congestions, there are still miscellaneous issues makingpeople 

uncomfortable. It is more and more difficult to findan available Parking spot during rush hours 

in urban areas.People usually spend more than 20 min searching for a Parking spot, which is 

meaningless and quite annoying as thesearching time increases. Environmental pollution is 

anotherbig issue. With the increasing number of vehicles, vehicleemissions of SO2, NOx, CO, 

CO2, dust particles, smog andnoise have reached or even exceeded levels comparable tothose 

from industrial production and are harmful to the environment and human health. 
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With the help of recent development in artificial intelligence (AI), we are able to make 

vehicles intelligent enoughso that the aforementioned problems can be solved. 

 

1.2 AIV 

Artificial intelligence for vehicles (AIV) aims at applyingboth practical and advanced AI 

techniques to vehicles so thatvehicles can perform human-like or even superhuman behaviors 

[1,2]. The algorithms such as deep neural networks aredesigned to mimic the working principle 

of the brain andtrained over large data sets to perform various tasks. Intelligent vehicles 

combine AI techniques such as environmentalperception, map building and path planning and 

integratethem with multi-scale auxiliary driving services and otherfunctions [1,2], so that 

vehicles are able to make intelligentdecisions. It focuses on the applications of artificial 

intelligence, machine learning and automatic control to vehicles,as depicted in Fig.1. 

 

 

 

 

 

 

 

 

 

Figure 1: The framework of AIV 

 

1.3 Why do Vehicles Need AI 

With rapid economic development, intelligent vehicles are inurgent need. Along with 

the sustained and rapid growth of carownership, almost every country is facing severe traffic 

congestion, road safety and environmental pollution problems.In the meanwhile, the number of 

fatal traffic accidents isincreasing each year and most of them are caused by humanoperating 

errors. With the continued growth of car ownership, the number of fatal traffic accidents is 

expected to grow.Relying on advanced AI techniques, we can solve the aforementioned 

problems.  
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Figure3summarizes four main factorswhich make vehicles in urgent need of AI 

techniques. 

(1) Strategic needs of economy, as the leading developing country, have been late in developing 

other innovative technologies related to vehicles, such as electric vehicles. However, recent 

booming of AI techniques grants the country new opportunities to take the lead in 

developing AI-enabled vehicles. 

(2) Artificial Intelligence 2.0 has put the development of new trends of AI technologies such as 

hybrid intelligence, multi-modal data fusion technologies in a very important strategy point. 

Developing novel AI techniques for vehicles clearly aligns with such strategies. 

(3) Society needs, India has its unique traffic situation. In urban areas, the driving scenarios are 

too complex and it is very difficult for the drivers to always make the right driving decision. 

This makes India in the most need of AI-enabled vehicles which can react to complex 

changing driving environment. 

(4) Changes in the business model of automobile, with the development of communication 

technologies, new modes of business models, such as car sharing, Uber and Ola, of 

automobile companies are emerging. Almost all of the new business models need AI 

techniques to support and reach optimized decisions. 

2. STATE-OF-THE-ART OF AIV 

Currently, enterprises and universities all around the worldhave taken initiative to 

layout strategic investments in AIVs[3, 4]. National policies and regulations are speeding up 

torelease restrictions for the expected development. The USA,France, Britain, Germany, Japan, 

South Korea and othercountries have developed a number of smart car-related policies to 

promote the integration of intelligent vehicles andexisting transportation systems. Traditional 

car manufactureand technology companies have invested billions of dollarsto support the 

development of AIVs. 

The leapfrog development of automobile intelligent Internet technology manufacturers 

and manyindustry giants and emerging companies displayed the latestin the automotive 

technology products and services such asTesla and Google have launched the automatic driving 

car tothe road test. At the same time, the traditional car manufactures are gradually advancing 

the degree of fusion of ‗Smart+ connected‘ technologies.In universities and research institutes, 

automotive intelligenttechnology is making full use of the latest achievements inartificial 

intelligence. 

The basic AI algorithms roughly include the following four: 

i) Artificial neural network (ANN) is one of the most important basic artificial 

intelligences, namely shallow neural network, consisting of a computational 

elements (neurons) heavily connected to each other. The number of network inputs 
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can be much greater than the traditional architectures. This makes the network a 

useful tool for analyzing high-dimensional data.  

ii) Compared to ANN, the study of deep learning focuses on deep neural network. It 

uses a cascade of many layers of nonlinear processing units for feature extraction 

and transformation and learns multiple levels of representations that correspond to 

different levels of abstraction.  

iii) Support vector machine (SVM) classification methods are the most precise 

discriminatory methodsused in classification.  

iv) Simulated annealing is widely and successfully applied to production scheduling 

and control engineering. 
 

3. NEXT-GENERATION AIV 

With the rapid development of AI techniques and vehiclerelated technologies, it can be 

foreseen that the next generation of AIV will see more standardization and the related 

AIfunctionalities will be modular. Figure 2 shows the envisionsof the next-generation AIV 

framework. In the next 10–20years, AIVs will be put into specific application scenariosand have 

clear definitions over the related AI functionalities. For AI functionalities, it will be divided into 

three parts,namely world models, planner and decision maker and computing platform. 

In order to realize vision automatic positioning systemunder high speed, it is crucial to 

establish a high-precisionmap. World Models aim at building the high-precision mapfor future 

AIVs, planner and decision maker will performpath planning and other-related driving 

decision-makingfunctionalities, and computing platform will provide thein-car computation 

environment for the execution of mapbuilding as well as decision making. 
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Figure 2: Envisions on how AI can be integrated to help vehicle development 

Recently, deep learning (DL)-based perception, conceptionand decision maker are more 

and more popular in artificialintelligence. LeCun et al. [5] utilize deep learning in 

imageunderstanding with deep convolutional networks and distributed representations and 

language processing. Mnih et al. [6] combined deep learning and reinforcement learning,and 

implemented the human-level control for games, andthen, Silver et al. [7] create computer go 

based on a combination of deep neural networks and tree search which canplay at the level of 

the strongest human players. Deep reinforcement learning as the core technology demonstrated 

theartificial intelligence in finite and full defined domain whichis referred as Artificial Normal 

Intelligence (ANI). With ANI,AIV is able to achieve assistant driving. 

With the breakthrough of human-level conception and thecomputation technology, Lake 

et al. [8] proposed a computational model which can capture human learning abilitiesfor 

handwritten form the world‘s alphabets. Moser et al. [9]realized brain-like localization and 

navigation and acquiredthe Nobel Prize in Physiology/Medicine in 2014. It followsbrain-like, 

spiking neural network (SNN), the generation[10] neural net gradually board on the AI stage. 

Basedon the brain-like conception, the artificial intelligence canbe applied in different 
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generalized domains with humanequal ability which is called Artificial Generalized 

Intelligence(AGI). With AGI, it makes advanced auxiliary driving andautonomous driving 

possible in AIV. 

The human–machine-based artificial intelligence springsup. Human–machine concept 

coupling artificial intelligenceperforms playing with young children in school [11].Human–

machine semi-physical coupling AI is a foregroundin AIV. Huang [12] utilized human–machine 

physical coupling AI on interactive learning for human-powered augmentation lower 

exoskeleton [12,13]. Human–machine-based AIis referred as Artificial Super Intelligence (ASI). 

With ASI, themachine will hold on the total ability for dealing with transportation and moving 

services, and even surpass the humanintelligence in every domain. 

AI with deep learning and reinforcement learning as thecore technology can be divided 

into practical artificial intelligence (PAI) and advanced artificial intelligence (advancedAI). We 

will introduce the PAI and advanced AI in the following sections. 

 

4. KEY TECHNOLOGIES IN AIV 

4.1 World Model 

World model aims at providing the precise representationof the world. Precision is the 

key parameter measuring theperformance of a map for intelligent vehicles [13]. [14] Propose to 

use multiple support regions (MSRs) of differentsizes surrounding an interest point to choose 

the best scaleof the support region. In [15], the paper proposes a novelmethod to enhance a 

driver‘s situation awareness by dynamically providing a global view of surroundings for the 

driver. 

At present, high-precision maps are sorted into two classes,namely ADAS and HAD, 

respectively. ADAS maps‘ accuracy is in the scale of meters, while HAD maps can achievethe 

accuracy of centimeters. HAD maps are more precisethan ADAS maps, with more specific road 

information, suchas lane and crosswalk lines. This provides the basic recoveryof the real road 

scene in the data. Therefore, HAD maps canbe used in self-driving cars.Automobile intelligence 

is the trend of the automobileindustry, which requires high-precision maps with highupdate 

rate. To reach the state of fully automated driving,high-precision map is the foundation; real-

time informationis also required. 

Gaode completed the development of ADAS map for freeways and city expressways by 

the end of 2015 andfor nationalhighways and provincial highways by the end of 2016. 

Also,Gaode completed the development of HAD map for freewaysin 2016. In 2017, Gaode is 

going to develop ADAS maps inmore than 30 cities and HAD maps in national highways 

andprovincial highways. Currently, HAD maps have narrowedthe scale into centimeters. If 

traditional maps are printed forhumans, the HAD maps are built for vehicles. It allows 

automobiles driving by themselves in the freeways. The localization functionality is based on 
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image, high-precision cognitivemap is based on deep learning, and vehicle data are fetchedfrom 

the GIS acquisition module. 

 

4.2 Planner and Decision Maker 

The decision module integrates path planning, behavior planning, reference planning 

and motion planning, makes the final intelligent decision and drives the smart car [16–18]. [19] 

proposed a development framework and novel algorithms for road situation analysis based on 

driving actionbehavior, where the safety situation is analyzed by simulating real driving action 

behaviors. Based on the input of HADmaps and the expectation of the driver, the scheme of 

pathplanning, behavior planning, reference planning and motionplanning is proposed. (1) Path 

planning part is to propose themost suitable route for driver according to the maps and 

theapplication of large data navigation algorithm; (2) behavior planning proposes an 

anthropomorphic driving schemeaccording to the map and the driver‘s historical behavior; 

(3)reference planning predicts the future trajectory of the reference target based on the model 

input of the moving obstaclesin the map; (4) motion planning combines other vehicle 

trajectories and proposes the specific short time trajectory. 

The decision maker [20–22] is based on the prediction ofthe behavior of other vehicles 

and makes decisions accordingly. This decision maker must be accepted by 

passengers(comfortable, reliable, agile, etc.) and also be accepted byother traffic participants (for 

example, cannot cause panic,ambiguity, strange and other associations).  

 

4.3 Computing Platform for AIV 

There are two major directions for the solution in existingcomputing platform. One is 

the central computation waywhich is represented by NVIDIA PX2. The other is the distributed 

computation which is represented by Intel, NXP andInfineon, etc. Intel and NVIDIA are 

competing to promotedriverless cars. Both Intel Go and NVIDIA Drive PX2 havethe same 

goals—to train the computer to be more intelligent,to help the car to detect pedestrians and 

identify lanes andstop signals, to make decision based on the data gathered byalgorithm, 

cameras and sensors. 

 

 

5. CONCLUSION AND FUTURE WORK 

This paper surveys the literature of artificial intelligence forvehicles, reviews the history of 

vehicle development and the future AI for vehicles. In the nearfuture, AIV will be a boosting 

factor in the vehicle industry; head into the next generation of vehicles which provideshuman-

level intelligence. 
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Abstract 

In IoT-based good farming, a system is constructed for watching the crop field with the 

assistance of sensors (light, humidity, temperature, soil wetness, etc.) and automating the 

irrigation system. The farmers enter the small print of what field to survey, and choose associate 

in nursing altitude or ground resolution. From the drone information, we are able to draw 

insights relating to plant health indices, plant investigation and yield prediction, plant height 

activity, covercowl mapping, field water ponding mapping, exploratory survey reports, 

stockpile activity, chlorophylactivity, chemical element content in wheat, evacuation mapping, 

weed pressure mapping, and so on. The drone collects multispectral, thermal, and visual 

representational processthroughout the flight then lands within the same location it took off. 

The major edges of victimization drones embrace crop health imaging, integrated GIS mapping, 

easy use, saves time, and therefore the potential to extend yields. With strategy and coming up 

withsupportedperiodinformationassortment and process, the drone technology canprovides 

ahigh-tech makeover to the agriculture business. This paper will use of Artificial Intelligence in 

Agriculture.  

Keywords: Artificial intelligence,chlorophylactivity,geographic information system (GIS). 

 

1. Introduction 

Agriculture plays a vital role in India‘s economy. Over fifty eightp.c of the agricultural 

households depend upon agriculture as their principal suggests that of support, consistent 

withassociate IBEF report. Agricultural exports representtenp.c of the country‘s exports and is 

that the fourth-largest exported principal artefactclass in Asian country. 
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According to the Department of business Policy and Promotion (DIPP), the Indian agricultural 

services and agricultural machinery sectors have cumulatively attracted Foreign Direct 

Investment (FDI) equity flow of regarding $2.45 billion and therefore the food process sector has 

attracted around $7.81 billion throughoutApr 2000 to Gregorian calendar month 2017. With 

associate aim to spice up innovation and entrepreneurship in agriculture, the govt. of Asian 

country is introducing a brand new AGRI-UDAAN programed to mentor startups and alter 

them to attach with potential investors. On the rear of magnified FDI and tributary government 

initiatives, the agriculture sector is progressivelyviewingways that to leverage technology for 

higher crop yield. Many technology corporations and startups have emerged within the past 

few years with targeted agri-based solutions that profit the farmers. 

Based on our research, the most popular applications of AI in Indian agriculture appear to fall 

into three major categories: 

 Crop and Soil Monitoring – Companies are leveraging sensors and various IoT-based 

technologies to monitor crop and soil health. 

 Predictive Agricultural Analytics – Various AI and machine learning tools are being used to 

predict the optimal time to sow seeds, get alerts on risks from pest attacks, and more. 

 Supply Chain Efficiencies– Companies are using real-time data analytics on data-streams 

coming from multiple sources to build an efficient and smart supply chain. 

In the full article below, we‘ll explore each category of AI applications in the agricultural 

industry, along with representative companies and use cases. 

2. Crop and Soil Monitoring 

2.1 CropIn – Using AI to Maximize per-Acre Value 

CropIn is a Bengaluru-based startup which claims to be an intuitive, intelligent, and self-

evolving system that delivers future-ready farming solutions to the agricultural sector. 

http://cropin.co.in/
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To explain the benefits of Cropin‘s technology, the company cites a use case with one of the 

world‘s largest producers of potato Specialties Company based in India which leases plots for 

farming and has 2500+ plots spread across an area of 5200+ acres. Earlier, they used to record 

farm data manually, thus creating multiple inconsistent entries. 

With CropIn‘s‗smartfarm‘ solution, all the plots were geo-tagged to find the actual plot area. 

The solution helped in remote sensing and weather advisory, scheduling and monitoring farm 

activities for complete traceability, educating farmers on adoption of right package of practices 

and inputs, monitoring crop health and harvest estimation, and alerts on pest, diseases etc. 

Essentially, CropIn uses technologies such as AI to help clients analyze and interpret data to 

derive real-time actionable insights on standing crop and projects spanning geographies. Its 

agri-business intelligence solution called SmartRisk ―leverages agri-alternate data and provides 

risk mitigation and forecasting for effective credit risk assessment and loan recovery assistance.  

Proprietary machine learning algorithm built on satellite and weather data is used to give 

insights at plot and region level,‖ Krishna Kumar, founder & CEO, Cropinsaid. 

2.2 Intello Labs – Using Deep Learning for Image Analysis 

Bengaluru-based Intello Labs was started by IIT-Bombay alumnus Milan Sharma in May 2016. 

The company claims to provide advanced image recognition technology that can recognize 

objects, faces, flora fauna and tag them in any image.  

The company claim to use deep learning algorithms on which a new generation of intelligent 

applications are being built for applications including agriculture, eCommerce, advertising, 

manufacturing, and curation.  

Small farmers around the world follow traditional farming practices due to lack of access to 

scientific understanding of crop lifecycle, pests, quality metrics and the latest micro-fertilizers. 

http://www.cropin.com/smartfarm/
http://www.financialexpress.com/industry/cropin-technologies-throws-up-actionable-insights-on-standing-crops-find-out-how/898186/
http://www.intellolabs.com/
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―Our Image based solutions provide insights on the crops‘ health during the growing season 

and its final harvested quality by click of photograph,‖ the company states on its website.  

Intello Labs claims to provide:    

 Agricultural Product Grading: Automated quality analysis of images of food products 

is an accurate and reliable method for grading fresh products (fruits, grains, vegetables, 

cotton etc.) characterized by color, size and shape. Their solution reads the image that a 

farmer has taken on his phone and determines the product quality in real time, without 

any manual intervention.  

 Alerts on Crop Infestation: Farmers can click an image of their crop and use their 

solution to understand the pests, diseases, and foreign plants (weeds) growing in their 

farms. The solution uses deep learning and image processing models to identify any 

crop diseases or pest infestation in the crops. Along with the parameters, it gives 

recommendations on how that disease can be cured and prevented from increasing 

further.      

The firm has no case studies or visual demos of the technology at this time. 

3. Predictive Agricultural Analytics 

3.1 Microsoft India – AI-based Sowing App 

Determining the right time to sow crops is often one of the biggest challenges for Indian farmers 

where drought and excess rainfall can be equally serious challenges. Microsoft in collaboration 

with ICRISAT (International Crops Research Institute for the Semi-Arid Tropics), developed an 

AI Sowing App that uses machine learning and business intelligence from the Microsoft 

Cortana Intelligence Suite.  

The app sends sowing advisories to participating farmers on the optimal date to sow. ―The best 

part – the farmers don‘t need to install any sensors in their fields or incur any capital 
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expenditure. All they need is a feature phone capable of receiving text messages,‖ a Microsoft 

India report stated. 

To calculate the crop-sowing period, historic climate data (spanning over 30 years from 1986 to 

2015) for the specific area in Andhra Pradesh was analyzed using AI. To determine the optimal 

sowing period, the Moisture Adequacy Index (MAI) was calculated. MAI is the standardized 

measure used for assessing the degree of adequacy of rainfall and soil moisture to meet the 

potential water requirement of crops. 

Microsoft has also partnered with United Phosphorous (UPL), India‘s largest producer of 

agrochemicals, to create the Pest Risk Prediction App that again leverages AI and machine 

learning to indicate in advance the risk of pest attack.  

Today, these farmers across the Indian states of Andhra Pradesh and Karnataka wait to get a 

text message before sowing the seeds. As per the report cited above, in a few dozen villages in 

Telangana, Maharashtra, and Madhya Pradesh, farmers receive automated voice calls alerting 

them whether their crops are at risk of a pest attack based on weather conditions and stage of 

the crop. No specific numbers on the results were reported. 

3.2 Agri Supply Chain 

Gobasco — The Intelligent Agri Supply Chain 

Based in the North Indian state of Uttar Pradesh, Gobasco has the advantage of a high-tech 

team. VedantKatyar, co-founder & CEO of the company is an engineering graduate from 

premier Indian technology institute BITS Pilani while CTO Abhishek Sharma is a PhD in 

Artificial Intelligence from the University of Maryland in the US. 

Gobasco claims to employ real-time data analytics on data-streams coming from multiple 

sources across the country aided with AI-optimized automated pipelines to dramatically 

https://news.microsoft.com/en-in/features/ai-agriculture-icrisat-upl-india/
http://gobasco.com/
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increase the efficiency of the current agri supply chain. ―Our data-driven online agri-

marketplace affords the best prices for both the producers and buyers at their fingertips.  

Through our carefully engineered tech-driven pipeline, designed for the Indian agri supply-

chain, we operate at a higher profit margin than the traditional companies,‖ the company stated 

in its website. 

Gobasco uses AI and related technologies in the various stages of the agri supply chain to 

ensure it is efficient and fast. Some of them are listed below:  

 Transition Discovery: Real-time data analysis on multiple data-streams along with 

crowd-sourced data from producer/buyer marketplaces and transporters feeds their 

automatic transaction discovery algorithm to obtain high-margin transactions. 

 Quality Maintenance: Computer vision and AI-based automatic grading and sorting is 

done for vegetables and fruits for creating an international agri-commodity standard for 

reliable trading across country boundaries. 

 Credit Risk Management: Crowd-sourced data, algorithms and analytics overcome the 

credit default problem, the most challenging problem of current supply-chain, to ensure 

a very low risk operation. 

 Agri-Mapping: Deep-learning based satellite image analysis and crowd-sourced 

information fusion obtains a real-time agri map of commodities at a resolution of 1 sq-

km.  

4. Real Life Applications of AI Research Areas 

There is a large array of applications where AI is serving common people in their day-to-day 

lives − 

Sr.No. Research Areas 

1 
Expert Systems 

Examples − Flight-tracking systems, Clinical systems. 
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2 
Natural Language Processing 

Examples: Google Now feature, speech recognition, Automatic voice output. 

3 

Neural Networks 

Examples − Pattern recognition systems such as face recognition, character 

recognition, handwriting recognition. 

4 

Robotics 

Examples − Industrial robots for moving, spraying, painting, precision 

checking, drilling, cleaning, coating, carving, etc. 

5 
Fuzzy Logic Systems 

Examples − Consumer electronics, automobiles, etc. 

 

5. AI - Popular Search Algorithms 

Searching is the universal technique of problem solving in AI. There are some single-player 

games such as tile games, Sudoku, crossword, etc. The search algorithms help you to search for 

a particular position in such games. 

 

5.1 Single Agent Path finding Problems 

The games such as 3X3 eight-tile, 4X4 fifteen-tile, and 5X5 twenty four tile puzzles are single-

agent-path-finding challenges. They consist of a matrix of tiles with a blank tile. The player is 

required to arrange the tiles by sliding a tile either vertically or horizontally into a blank space 

with the aim of accomplishing some objective. 

The other examples of single agent pathfinding problems are Travelling Salesman Problem, 

Rubik‘s Cube, and Theorem Proving. 

Search Terminology 

 Problem Space − It is the environment in which the search takes place. (A set of states 

and set of operators to change those states) 

 Problem Instance − It is Initial state + Goal state. 



 

17 | P a g e  
 

 Problem Space Graph − It represents problem state. States are shown by nodes and 

operators are shown by edges. 

 Depth of a problem − Length of a shortest path or shortest sequence of operators from 

Initial State to goal state. 

 Space Complexity − The maximum number of nodes that are stored in memory. 

 Time Complexity − The maximum number of nodes that are created. 

 Admissibility − A property of an algorithm to always find an optimal solution. 

 Branching Factor − The average number of child nodes in the problem space graph. 

 Depth − Length of the shortest path from initial state to goal state. 

 

 

 

5.2 Brute-Force Search Strategies 

They are most simple, as they do not need any domain-specific knowledge. They work fine with 

small number of possible states. 

Requirements − 

 State description 

 A set of valid operators 

 Initial state 

 Goal state description 

5.3 Breadth-First Search 

It starts from the root node, explores the neighboring nodes first and moves towards the next 

level neighbors. It generates one tree at a time until the solution is found. It can be implemented 

using FIFO queue data structure. This method provides shortest path to the solution. 

If branching factor (average number of child nodes for a given node) = b and depth = d, then 

number of nodes at level d = bd. 

The total no of nodes created in worst case is b + b2 + b3 + … + bd. 

Disadvantage − Since each level of nodes is saved for creating next one, it consumes a lot of 

memory space. Space requirement to store nodes is exponential. 
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Its complexity depends on the number of nodes. It can check duplicate nodes. 

 

5.4 Depth-First Search 

It is implemented in recursion with LIFO stack data structure. It creates the same set of nodes as 

Breadth-First method, only in the different order. 

As the nodes on the single path are stored in each iteration from root to leaf node, the space 

requirement to store nodes is linear. With branching factor b and depth as m, the storage space 

is bm. 

Disadvantage − This algorithm may not terminate and go on infinitely on one path. The 

solution to this issue is to choose a cut-off depth. If the ideal cut-off is d, and if chosen cut-off is 

lesser than d, then this algorithm may fail. If chosen cut-off is more than d, then execution time 

increases. 

Its complexity depends on the number of paths. It cannot check duplicate nodes. 
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5.5 Bidirectional Search 

It searches forward from initial state and backward from goal state till both meet to identify a 

common state. 

The path from initial state is concatenated with the inverse path from the goal state. Each search 

is done only up to half of the total path. 

Uniform Cost Search 

Sorting is done in increasing cost of the path to a node. It always expands the least cost node. It 

is identical to Breadth First search if each transition has the same cost. 

It explores paths in the increasing order of cost. 

Disadvantage − There can be multiple long paths with the cost ≤ C*. Uniform Cost search must 

explore them all. 

Iterative Deepening Depth-First Search 

It performs depth-first search to level 1, starts over, executes a complete depth-first search to 

level 2, and continues in such way till the solution is found. 

It never creates a node until all lower nodes are generated. It only saves a stack of nodes. The 

algorithm ends when it finds a solution at depth d. The number of nodes created at depth d is bd 

and at depth d-1 is bd-1. 

 

 

5.6 Comparison of Various Algorithms Complexities 

Let us see the performance of algorithms based on various criteria – 
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Criterion Breadth First Depth First Bidirectional Uniform Cost 
Interactive 

Deepening 

Time bd bm bd/2 bd bd 

Space bd bm bd/2 bd bd 

Optimality Yes No Yes Yes Yes 

Completeness Yes No Yes Yes Yes 

 

6. AI in Agriculture – Present Applications and Impact 

Factors such as climate change, population growth and food security concerns have propelled 

the industry into seeking more innovative approaches to protecting and improving crop yield. 

As a result, AI is steadily emerging as part of the industry‘s technological evolution. 

In this article we explore applications of artificial intelligence to provide business leaders with 

an understanding of current and emerging trends, and present representative examples of 

popular applications. 

 

6.1 Artificial Intelligence in the Agricultural Industry – Insights Up Front 

Based on our research, the most popular applications of AI in agriculture appear to fall into 

three major categories: 

 Agricultural Robots – Companies are developing and programming autonomous robots 

to handle essential agricultural tasks such as harvesting crops at a higher volume and 

faster pace than human laborers.    

 Crop and Soil Monitoring – Companies are leveraging computer vision and deep-

learning algorithms to process data captured by drones and/or software-based 

technology to monitor crop and soil health. 

 Predictive Analytics – Machine learning models are being developed to track and 

predict various environmental impacts on crop yield such as weather changes.  

In the full article below, we‘ll explore each category of AI applications in the agricultural 

industry, along with representative companies, use-cases, and videos. 

http://www.sciencedirect.com/science/article/pii/S221260901400020X
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6.2 Agricultural Robotics 

Blue River Technology – Weed Control 

The ability to control weeds is a top priority for farmers and an ongoing challenge as herbicide 

resistance becomes more commonplace. Today, an estimated 250 species of weeds have become 

resistance to herbicides. In a research study conducted by the Weed Science Society of America 

on the impact of uncontrolled weeds on corn and soybean crops, annual losses to farmers are 

estimated at $43 billion.     

Companies are using automation and robotics to help farmers find more efficient ways to 

protect their crops from weeds. Blue River Technology has developed a robot called See & Spray 

which reportedly leverages computer vision to monitor and precisely spray weeds on cotton 

plants. Precision spraying can help prevent herbicide resistance. The short video below 

demonstrates how the robot works in action: 

According to its website, the company claims that its precision technology eliminates 80 percent 

of the volume of chemicals normally sprayed on crops and can reduce herbicide expenditures 

by 90 percent. It has been estimated that over 1 billion pounds of pesticides are used in the US 

annually.   

In September 2017, major manufacturing company John Deere announced its acquisition of Blue 

River Technology. John Deere is reportedly investing $305 million to complete the transition. 

The company claims that the original Blue Technology firm and current staff will remain in 

Sunnyvale where John Deere hopes to continuing growing the firm. 

(Blue River Technology is one of many vendors listed in our robotics / vehicle vendor section here at 

Emerj.) 

 

Harvest CROO Robotics – Crop Harvesting 

Automation is also emerging in an effort to help address challenges in the labor force. The 

industry is projected to experience a 6 percent decline in agricultural workers from 2014 to 2024.  

Harvest CROO Robotics has developed a robot to help strawberry farmers pick and pack their 

crops. Lack of laborers has reportedly led to millions of dollars of revenue losses in key farming 

http://wssa.net/wp-content/uploads/WSSA-Fact-SheetFinal.pdf
http://wssa.net/wp-content/uploads/WSSA-Fact-SheetFinal.pdf
http://wssa.net/wp-content/uploads/WSSA-Fact-SheetFinal.pdf
http://wssa.net/2016/05/wssa-calculates-billions-in-potential-economic-losses-from-uncontrolled-weeds/
http://wssa.net/2016/05/wssa-calculates-billions-in-potential-economic-losses-from-uncontrolled-weeds/
http://wssa.net/2016/05/wssa-calculates-billions-in-potential-economic-losses-from-uncontrolled-weeds/
http://www.bluerivertechnology.com/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2946087/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2946087/
https://www.deere.com/en/our-company/news-and-announcements/news-releases/2017/corporate/2017sep06-blue-river-technology/
https://emerj.com/company/blue-river-technology/
https://emerj.com/companies/ai-function/automation-and-robotics/
https://emerj.com/companies/ai-function/automation-and-robotics/
https://emerj.com/companies/ai-function/automation-and-robotics/
https://www.bls.gov/ooh/farming-fishing-and-forestry/agricultural-workers.htm
http://harvestcroorobotics.com/
http://www.tbo.com/news/business/could-robot-berry-picker-fix-labor-shortage-20150502/
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regions such as California and Arizona. In the Hillsborough County, Florida region which has 

been described as the ―nation‘s winter strawberry capital,‖ between 10,000 and 11,000 acres of 

strawberries are typically harvested in a season.  

Harvest CROO Robotics claims that its robot can harvest 8 acres in a single day and replace 30 

human laborers. In the short video below, the Harvest CROO team provides a demonstration of 

the robot: 

An estimated 40 percent of annual farm costs are funneled into ―wages, salaries and contract 

labor expenses‖ for crops such as fruits and vegetables where labor needs tend to be the 

highest.  

In June 2017, Florida-based Wish Farms announced its implementation of Harvest CROO 

Robotics‘ strawberry harvester in the summer of 2017. The farm claims that the robot spans 

―over six beds of plants‖ and carries ―16 individual picking robots.‖ To date, Harvest CROO 

Robotics has reportedly raised $2.8 million from investors and farms representing 20 percent of 

all U.S. strawberry production. 

 

6.3 Crop and Soil Health Monitoring 

PEAT – Machine Vision for Diagnosing Pests / Soil Defects 

Deforestation and degradation of soil quality remain significant threats to food security and 

have a negative impact on the the economy. Domestically, the USDA has estimated that the 

annual cost of soil erosion is approximately $44 billion dollars.  

Berlin-based agricultural tech startup PEAT, has developed a deep learning application called 

Plantix that reportedly identifies potential defects and nutrient deficiencies in soil. Analysis is 

conducted by software algorithms which correlate particular foliage patterns with certain soil 

defects, plant pests and diseases. 

The image recognition app identifies possible defects through images captured by the user‘s 

smartphone camera. Users are then provided with soil restoration techniques, tips and other 

possible solutions as explained in the short video below: 

The company claims that its software can rapidly achieve pattern detection with an estimated 

accuracy of up to 95 percent. PEAT recently published that its international clientele base had 

http://www.tbo.com/news/business/could-robot-berry-picker-fix-labor-shortage-20150502/
http://www.tbo.com/news/business/could-robot-berry-picker-fix-labor-shortage-20150502/
http://harvestcroorobotics.com/
http://harvestcroorobotics.com/
http://harvestcroorobotics.com/
https://www.ers.usda.gov/topics/farm-economy/farm-labor/
https://www.ers.usda.gov/topics/farm-economy/farm-labor/
https://www.ers.usda.gov/topics/farm-economy/farm-labor/
https://wishfarms.com/future-agriculture-harvest-croo-robotics/
https://wishfarms.com/newsroom-item/harvest-croo-robotics-rolls-out-autonomous-vehicle/
https://wishfarms.com/newsroom-item/harvest-croo-robotics-rolls-out-autonomous-vehicle/
https://wishfarms.com/newsroom-item/harvest-croo-robotics-rolls-out-autonomous-vehicle/
https://wishfarms.com/newsroom-item/harvest-croo-robotics-rolls-out-autonomous-vehicle/
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/use/?cid=nrcs142p2_054028
https://www.crunchbase.com/organization/peat#/entity
https://plantix.net/
https://www.crunchbase.com/organization/peat#/entity
https://www.crunchbase.com/organization/peat#/entity
https://www.crunchbase.com/organization/peat#/entity
https://www.linkedin.com/feed/update/urn:li:activity:6321287187010715648
https://www.linkedin.com/feed/update/urn:li:activity:6321287187010715648


 

23 | P a g e  
 

reached over 500,000. The company does acknowledge its partners, and client quotes on its 

website but specific case studies do not appear to be available. 

Without specifics regarding the size of client farms, we are unable to confirm if the Plantix app 

poses any significant limitations for larger farms. Competitor CropDiagnosis appears to follow 

a similar model for its app. 

Trace Genomics – Machine Learning for Diagnosing Soil Defects 

Similar to the Plantix app, California-based Trace Genomics, provides soil analysis services to 

farmers. Lead investor Illumina helped develop the system which uses machine learning to 

provide clients with a sense of their soil‘s strengths and weaknesses. The emphasis is on 

preventing defective crops and optimizing the potential for healthy crop production. 

According to the company‘s website, after submitting a sample of their soil to Trace Genomics, 

users reportedly receive an in-depth summary of their soils contents. Services are provided in 

packages which include a pathogen screening focused on bacteria and fungi as well as a 

comprehensive microbial evaluation.  As described in the video below, an analysis of soil DNA 

is also central to Trace‘s system: 

 

Video: <iframe 

src=‘//players.brightcove.net/2097119709001/4kXWOFbfYx_default/index.html?videoId=550

2727538001′ allowfullscreenframeborder=0></iframe> 

As of February 2017, the company has raised $8 million in total equity funding from six firms 

including the Illumina Accelerator. Product packages begin at $199 for the Pathogen Screen. 

Favorable quotes from two farms are featured on the Trace Genomics website. However, data 

indicating how Trace Genomics specifically improved outcomes is not included  

Sky Squirrel Technologies Inc. – Drones and Computer Vision for Crop Analysis 

The presence of drones in agriculture reportedly dates back to the 1980s for crop dusting in 

Japan. The market for drones in agriculture is projected to reach $480 million by 2027. Today, 

companies are leveraging AI and aerial technology to monitor crop health. 

SkySquirrel Technologies Inc. is one of the companies bringing drone technology to vineyards. 

The company aims to help users improve their crop yield and to reduce costs. Users pre-

https://www.cropdiagnosis.com/#modus-operandi
https://www.tracegenomics.com/
https://www.illumina.com/
https://www.tracegenomics.com/#/
https://www.crunchbase.com/organization/trace-genomics#/entity
https://www.thenational.ae/business/japan-uavs-take-the-back-breaking-labour-out-of-farming-1.221693
https://www.thenational.ae/business/japan-uavs-take-the-back-breaking-labour-out-of-farming-1.221693
https://www.thenational.ae/business/japan-uavs-take-the-back-breaking-labour-out-of-farming-1.221693
http://www.prnewswire.com/news-releases/agricultural-robots-and-drones-2017-2027-technologies-markets--players---agricultural-drone-market-to-be-worth-480-million---research-and-markets-300425396.html
https://www.skysquirrel.ca/#productnav
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program the drone‘s route and once deployed the device will leverage computer vision to 

record images which will be used for analysis.  

Once the drone completes its route, users can transfer a USB drive from the drone to a computer 

and upload the captured data to a cloud drive. SkySquirrel uses algorithms to integrate and 

analyze the captured images and data to provide a detailed report on the health of the vineyard, 

specifically the condition of grapevine leaves. Since grapevine leaves are often telltales for 

grapevine diseases (such as molds and bacteria), reading the ―health‖ of the leaves is often a 

good proxy for understanding the health of the plants and their fruit as a whole. 

The SkySquirrel Technologies team provides an overview of how the drone functions in the 

short video demonstration below: 

The company claims that its technology can scan a 50 acres in 24 minutes and provides data 

analysis with 95 percent accuracy. Specific use cases do not appear to be available on the 

company‘s website. 

(Readers with a specific interest in drones may be interested in our full article called “5 Industrial Drone 

Applications“.) 

Predictive Analytics 

a. Where – Satellites for Weather Prediction and Crop Sustainability 

a Where, a Colorado based company uses machine learning algorithms in connection with 

satellites to predict weather, analyze crop sustainability and evaluate farms for the presence of 

diseases and pests.   

For example, daily weather predictions, are customized based on the needs of each client and 

and range from hyper local to global. Types of clients mentioned on the company‘s website 

include farmers, crop consultants and researchers. We‘ve covered AI for weather prediction 

earlier this year, but the video below gives a good idea of some of the fundamental technologies 

at play. 

As shown in the 3 minute video below, the company claims to specialize in providing a high 

quality of data that is continuously updated at a rapid rate:  

The company also claims that it provides its users with access to over a billion points of 

agronomic data on a daily basis. Data sources include temperature, precipitation, wind speed, 

https://learn.winecoolerdirect.com/common-grapevine-diseases/
https://emerj.com/ai-sector-overviews/industrial-uses-of-drones-applications/
https://emerj.com/ai-sector-overviews/industrial-uses-of-drones-applications/
http://www.awhere.com/markets/commodities
https://emerj.com/ai-sector-overviews/ai-for-weather-forecasting/
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and solar radiation, ―along with comparisons to historic values for anywhere on the agricultural 

earth.‖  

The company does not appear to provide any case studies on its website. Software application 

examples are featured in the company‘s blog but it is unclear how much clients have invested in 

aWhere‘s services and how those investments have impacted outcomes. 

Farm Shots – Satellites for Monitoring Crop Health and Sustainability 

Based in Raleigh, North Carolina, Farm Shots is another startup focused on analyzing 

agricultural data derived from images captured by satellites and drones. Specifically, the 

company aims to ―detect diseases, pests, and poor plant nutrition on farms.‖  

For example, the company claims that its software can inform users exactly where fertilizer is 

needed and can reduce the amount of fertilizer used by nearly 40 percent. The software is 

marketed for use across mobile devices. In April 2017, Farm Shots along with its associate 

partner, Planet, announced limited free access to its products for John Deere clients through 

June 2017. This collaboration offers another glimpse into John Deere‘s interests in expanding 

into the agricultural tech space. FarmShots does not appear to feature examples of specific 

clients or case studies on its website.   

 

7. Conclusion and Future work 

Artificial intelligence driven innovations are rising to help improve proficiency and to address 

difficulties confronting the business including, crop yield, soil wellbeing and herbicide-

opposition. Farming robots are ready to end up a much esteemed use of AI in this part.  

It is doable that agrarian robots will be created to finish an expanding various cluster of 

assignments in the following three to five years. Yield and soil checking advances will likewise 

be critical applications going ahead as environmental change keeps on being inquired about 

and assessed. The measure of information that can possibly be caught by advancements, for 

example, automatons, and satellites every day will give rural business another capacity to 

anticipate changes and distinguish openings. We anticipate that satellite machine vision 

applications (for climate, crop wellbeing, foreseeing crop yield, and so forth) will turn out to be 

increasingly more typical for expansive modern homesteads in the coming 5-10 years.  

http://blog.awhere.com/
http://farmshots.com/
https://www.planet.com/
http://precision.agwired.com/2017/04/17/planet-farmshots-offer-free-trial-to-deere-center-users/
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ABSTRACT 

Glaucoma detection from fundus retinal images is a difficult task which demands years of 

practice and expertise in the domain.  In this paper, we present a detailed view on glaucoma 

diagnosis using conventional machine learning algorithms such as k nearest neighbours, SVM, 

logistic regression and random forest. We combine these base model results by applying 

ensemble learning to create one optimum predicted output. We then compare the results 

obtained from the conventional classifiers to transfer learning models. Different inductive 

transfer learning models are applied and the performance of models are compared. [11] The 

random forest model and ensemble learning model seem to perform better than all other 

conventional models. The highest sensitivity and F1 score of 77.61% and 0.77 respectively was 

seen in ensemble learning. However, the highest specificity and accuracy of 91.22% and 78.45% 

was observed in the random forest algorithm. The best performance was obtained by applying 

transfer learning using the VGG19 and GoogLeNet models with AUC of VGG19 being 0.8919 

and AUC of GoogLeNet being 0.8872. 

INTRODUCTION 

Glaucoma is a complex neuro-retinal disease, which damages the structure of the optic nerve 

head.[2] It is an asymptomatic disease and shows symptoms only in the later stages.[9] It is the 

second foremost cause for loss of vision, after cataract [1]. Glaucoma is not completely curable 

and causes irreversible loss of vision [16] i.e., the Visual Field (VF) lost, can‘t be regained [2,9], 

which makes it all the more important to detect the disease in its early stage, to reduce its 

progression and hence prevent from complete blindness. 



 

28 | P a g e  
 

Detection of glaucoma by ophthalmologists is a very arduous process as it needs experienced 

physicians with expertise in this specific area. [9] Thus, automation of Glaucoma diagnosis is 

very essential and pertinent. Glaucoma is usually identified by checking family‘s medical 

history, ophthalmologists perform dilated ophthalmoscopy or slit beam biomicroscopy [10] and 

Retinal stereoscopic  Fundus images of the eye are captured.[8] There are 4 Diopter lens used to 

examine the eye to get a 3 Dimensional view of the Optic Nerve Head, which aids in the 

diagnosis of glaucoma [10]. There are several optic nerve head screening polarimetry and 

tomography tests such as scanning laser polarimeter[9,14], optical coherence tomography (OCT) 

[9, 12],confocal scanning laser tomography [9,13] of which OCT is widely used for detection of 

glaucoma [15]. 

A routine and periodic eye examination every 2-3 years is necessary to confirm the diagnosis of 

glaucoma[16]. One more important factor which helps in the detection of glaucoma is increased 

intraocular pressure(IOP)[17]. Treatment of glaucoma is primarily focused on reducing IOP, as 

it is the most effective way to prolong the progression of Glaucoma [18]. Frequent follow-up eye 

screening is required to access the progress of Glaucoma, by finding disk hemorrhage, IOP, 

Visual field changes, neuroretinal rim widening[19,31]in the eye. 

Optic Nerve Head is the region in which the optic nerve enters the back of the eye. Here, 

ganglion axons leave the eye and the Photoreceptors i.e. Rods and Cones are absent, hence 

creating a blind spot in the eye.[27-28,31] 

In a healthy eye, the neuro-retinal rim follows a configuration known as the ISNT Rule. It states 

that rim thickness follows the order Inferior > Superior > Nasal > Temporal. When this criterion 

fails, it is a suspect of glaucoma. This is one of the widely used methods by ophthalmologist to 

diagnose Glaucoma. [27-30] 
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Fig 1. ISNT Rule[31] is one of the methods to identify glaucoma. The Inferior region must be 

broader than superior region border than Nasal blade than Temporal in a healthy eye. Any 

discrepancy in this condition is a suspect of glaucoma. 

We have applied machine learning and deep learning algorithms to perform diagnosis of 

glaucoma in retinal Fundus images. 

Many researchers have been delving into Machine Learning and deep learning since 1950s. In 

the year 1942. A model is created using electric circuit, bringing neural networks into 

existence[46]. Around the same time in the year 1959, Arthur Samuel created a code which 

could learned the game checkers without it being explicitly coded[47]. These researchers 

marked the origination of deep learning and machine learning. But, it has taken several 

decades, for machine learning and deep learning to become commercially viable and an active 

area of research. It is because of rapid advancements in software and hardware in today‘s era, 

which enables computers to handle high computational cost. There exponential increase in 

training data[48], which surged the use of machine learning algorithms. 

In our project, we have a total of 766 images obtained from all 3 releases of RIM-ONE(r1, r2, r3) 

dataset, of which 311 are identified to be glaucomatous and 455 are healthy. 

Glaucoma diagnosis is usually performed by combining image preprocessing with various 

feature extraction algorithms like Principal Component Analysis (PCA) to segment optic disc 

from Retinal Fundus images.[20] Some have used techniques like Fischer score, spearman 

ranking, mutual information , chi squared with conventional machine learning algorithms such 

as Logistic Regression, SVM,Linear Regression, KNN or deep learning algorithms for 

classification[21,22] 

In our project, we aim to automate the diagnosis of Glaucoma by first identifying the Region of 

Interest(ROI) and then extract features to apply conventional machine learning algorithms and 

to perform a comparative study between conventional machine learning algorithms and deep 

learning using transfer learning. 

IMAGE ACQUISITION 

We have used RIM-ONE open-source dataset [3] which has 766 colored Fundus images of 

Retina. It has 311 glaucomatous  and 455 healthy Retinal fundus images. RIM - ONE image 
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database for glaucoma [7] is created from data collected in collaboration with three Spanish 

hospitals [4][5][6]. RIM-ONE is a color open-source fundus retinal image dataset which has 

accurate gold standard in section of optic nerve head(ONH). In out project we have included 

the 3 releases by authors of RIM-ONE dataset. 

 

RIM-ONE 

Data Set 

Format of 

images 

Number of 

glaucomatous 

images 

Number 

of 

healthy 

images 

Size of images 

Release 1 BMP 40 118 316 x 342 to 831 x 869 

Release 2 JPG 200 255 290 x 290 to 1375 x 1654 

Release 3 JPG 71 82 2144 x 1424 

 Table. 1 Description of datasets used as inputs to the classifiers to predict, if the given image is 

Glaucomatous or healthy.[3,7] 

IMAGE PROCESSING 

There are 766 images obtained from all 3 releases of RIM-ONE(r1, r2, r3) dataset, of which 311 

are identified to be glaucomatous and 455 are healthy.[3,7] In the preprocessing step, we have 

resized all the image to have a common aspect ratio to train all the algorithms homogeneously.  

No illumination correction was applied, filtering and enhancement techniques were applied. 

Location of Region of Interest: 

The region of Interest in the retinal fundus image of human eye is the Optic Nerve Head. If 

there is any neuro-retinal rim widening, it is indicative of Glaucoma[19]. There are two major 

ways to locate the region of interest feature-based and object-based identification. Feature-based 

identification involves, detection of pixels which share certain optical or stereoscopic 

similarities, while object-based identification is by identifying the target shape by analyzing 

multiple pixels simultaneously.[23] 

In our project, we have used Template Matching technique to locate the Region of Interest. We 

have manually create  the template by cropping it from one of the retinal Fundus image, which 

is used as a reference. [24] This reference is compared with all patches of the input image to find 



 

31 | P a g e  
 

the best correlation between the patch and the template [25,26]. Template matching was 

performed in python using implementation in OpenCV, which was very effective since we were 

able to obtain the cropped images with optic Nerve Head as its center for all the input images. 

These cropped images were resized to 385x385 for the conventional Machine Learning 

algorithms and scaled to the input size of the Deep Convolutional Neural Network (DCNN) 

using Transfer Learning. 

Feature Extraction for Conventional Machine Learning algorithms: 

Feature extraction plays a vital role in conventional machine learning algorithms. [49] It 

requires extensive domain knowledge to decide the best features. In our project, we have 

obtained features to emulate the ISNT Rule, by obtaining row wise and column wise features 

separately. We have used 6 pairs of features mean, median, standard deviation, kurtosis, 

skewness and G-Mean.  The aspect ratio of the images, is fixed at 385x385. This data extracted 

from images  is around 4M, which is used as dataset to the various machine learning 

algorithms. 

 

(a) Mean of the Pixels in ROI                       (b) Median of Pixels in ROI 
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     (c) SD of the Pixels in ROI                                     (d) Skewness of the pixels in ROI 

                  

(d) Kurtosis of the Pixels in ROI                      (e) G-Mean of the Pixels in ROI 

Fig 2. Visualizing the distribution and the extracted features from the pixel intensity values in 

the dataset. (a) Distribution of Mean of the pixels in the ROI (b) Distribution of Median of the 

pixels in the ROI (c) Distribution of Standard Distribution of the pixels in the ROI (d) 

Distribution of Skewness of the pixels in the ROI (d) Distribution of Kurtosis of the pixels in the 

ROI (e) Distribution of G-Mean of the pixels in the ROI. 

Machine Learning techniques: 

Machine learning and deep learning act like pillars in this modern society: from making 

everyday weather forecast, recommendation systems on e-commerce websites, machine 

translation, object detection, Stock market prediction, the applications of deep learning is 

endless. This is possible because of new class of techniques known as deep learning. 
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Generally machine learning can be broadly divided into 3 stages : 

Data processing : It is one of the crucial stages obtain reliable data. Here, we clean and format 

the data to suit our requirement for the development of the model. Data processing greatly 

reduces the complexity of the model. [35] Raw and unstructured data can not serve as input to 

most of the classifiers. It makes the process of training hard for the algorithm and hence 

deteriorates the performance of the system. It is used to make data computer understandable, 

by cleaning, sorting, structuring and summarizing to maximize the models performance.[36,38] 

Building the model : Supervised Learning requires labeled input for the model to predict, 

where as unsupervised learning recognizes patterns in the data, without any explicit labels 

learns on its own. Reinforcement learning is an interactive algorithm which learns by trial and 

error method by obtaining feedback on its actions. [37-40] 

Tuning and Optimization : After building the base model, the metrics of the model can be 

improved by tuning parameters in the model. Some of the tuning algorithms are batch 

normalization, regularization, stochastic gradient descent etc. There are several tuning and 

optimization algorithms which can be used in both conventional machine learning and deep 

learning algorithms. [41-45] 

CONVENTIONAL MACHINE LEARNING ALGORITHMS 

The below conventional machine learning algorithms were applied on the extracted features of 

the images - mean, median, standard deviation, kurtosis, skewness and K statistics to determine 

if the eye is glaucomatous. 

Support Vector Machine (SVM) 

Support Vector Machine is an algorithm that builds a hyperplane in an N dimensional space. 

Each feature constitutes a dimension in which data points are plotted against its features. The 

aim of the algo is to build a hyperplane such that it best draws a boundary between the n 

classes of data points, where n is the number of classes contained in the dataset. [62] SVM has 

been used here as a supervised learning algorithm as it is a classifier between the 2 classes- 

namely, glaucomatous eye and normal eye. We applied a radial basis function kernel to the 

SVM classifier and obtained an accuracy of 79.00%. 
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Fig 3. Radial Basis Function Kernel for SVM classification 

 

Fig 4. Working of SVM model 

(𝑤 𝑇𝑥 𝑖)  +  𝑏 >  0 𝑖𝑓 𝑦 𝑖 =  1 

(𝑤 𝑇𝑥 𝑖)  +  𝑏 <  0 𝑖𝑓 𝑦 𝑖 = −1 

Random Forest 

Random forest consists of several decision trees that decide if a particular feature in a specific 

image is glaucomatous or normal. [61] Intuitively, the first feature that one would check must 

be the one which best tells the classes apart in order to save time and computational cost. The 

gini index [67-68] in random forest decides which feature is tested at a level. 

𝐺𝑖𝑛𝑖(𝑡) = 1 − 𝛴[𝑃(𝑗|𝑡)] 2 
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A data to be predicted is fed into the decision trees at the root and the output is obtained at the 

leaf. A majority vote is taken from several trees to obtain the predicted output. A random forest 

model of 400 decision trees with a minimum sample split of 2 was applied to obtain an accuracy 

of 79.55% which is highest among all conventional algorithms used. 

 

Fig 5. Working of random forest model 

K Nearest Neighbour (KNN) 

KNN is a supervised machine learning algorithm used for classification between the two 

classes- glaucomatous and normal. N-features are plotted with each feature being a dimension. 

The data points are plotted against each feature in the N-dimensional space. During training, 

the aim of the algorithm is to determine a boundary between both the classes, by finding the 

closest k data points. Once the region of the two classes is established in the n-dimensional 

space, any test point falling within the region would be classified as the class of that region. 
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Fig 6. Working of K-NN model 

General Minkowski Distance Metric: D 𝒙𝒊,𝒙 𝒋 =   𝒅
𝒍=𝟏  𝒙 𝒊𝒍 − 𝒙 𝒋𝒍 

𝟏/𝒑 𝒑 

We use a KNN classifier with a minkowski metric of 2 (euclidean distance) and k being 3 with a 

leaf size of 30. The model was then tested on the test images and an accuracy of 76.24% was 

obtained. 

Logistic Regression 

Logistic regression is a binary probabilistic classifier algorithm that calculates the probability of 

a data being in class 0 or class 1. It is similar to a simple linear regression model, except for the 

sigmoid function in the end which translates the predicted real values into their predicted class 

[63]. A penalty of l2 was applied and an intercept was fit with a scaling of 1. The sigmoid 

function sets the threshold for the classes on the real values. The model was run on the test 

images and an accuracy of 75.13% was obtained. 

Logistic Regression: 𝑝 =
1

1 + 𝑒 −(𝑏 0 +𝑏 1𝑥 1+𝑏 2𝑥 2+ ∙∙∙ +𝑏 𝑝 𝑥 𝑝 ) 

 

Fig 7. Sigmoid function used in logistic regression 
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Ensemble Learning 

Ensemble learning is a method of combining individual model predictions together to improve 

the prediction probability and reduce variance and bias in the predictions. Ensemble Learning 

uses multiple algorithms to obtain better predictions than constituent stand-alone algorithms. 

Ensembles combine multiple hypotheses while using the same base hypothesis. [66] The 

majority voting technique of ensemble learning was used. [64]  

 

 

 

 

 

 

 

 

Fig 8. Block diagram of ensemble model 

The majority voting technique takes the majority of all the model outputs to produce a final 

output. Each of the 4 models namely, logistic regression, KNN, SVM and Random Forest were 

trained on the entire dataset and the majority of the final outputs was obtained as the ensemble 

output. The accuracy was found to be 83.42% with the highest F1 score of 0.82 and sensitivity of 

74.62%. 
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TRANSFER LEARNING ALGORITHMS 

Neural Networks : 

Conventional machine learning relies on raw data, which requires extensive knowledge and 

research of the dataset to perform  feature extraction and selection. Whereas, deep learning has 

complex non-linear functions and variations which enables it to learn data without performing 

much of data processing. it can form complex and abstract patterns from a given data without 

the need for data to be engineered explicitly. Deep learning techniques form general purpose 

algorithms, which is very good at identifying complex and intricate patterns from high 

dimensional data. 

Deep Convolutional Neural Networks : 

Convolutional Neural network is popularly used for image classification. The evolution of 

neural networks started around 1960s. Convolutional networks perform both feature extraction 

and classification simultaneously and thus doesn‘t require any prior expertise of data, which is 

necessary for conventional algorithms. 

In 1959 [50], Wiesel provided a very important insight, that there are 2 types of neurons, simple 

and complex neurons in the primary visual cortex. Simple neurons are responsible for finding 

the geometrical lines, edges etc, while complex neurons look at the big picture. This is the core 

principle behind CNN. The initial layers of the convolutional networks detect intricate pattern, 

which are convolved to view the bigger picture by the deeper layers. Similar results were 

proposed by Roberts in 1963 [51], where representations of 2D images are used to build 3D 

solids. Similar deeper analysis on representational framework  and hierarchical modeling was 

performed by David Marr in the year 1982 [53]. Here, he proposed a 3 strategies, first to identify 

the primary sketch of the image, then a 2d sketch with information regarding the depth of the 

object, then to construct the volumetric primitives. 

 

Fig 9. Block diagram of CNN 



 

39 | P a g e  
 

In the year 1980, Fukushima [54] marked the beginning of Convolutional networks, which he 

referred to as neocognition. It is a self-organized network which trains without any prior 

knowledge. It was the first unsupervised learning network, which was unaffected by change in 

position, shape of the object etc. There were several works produced about image analysis. But 

one of the most important researchers were LeCun et al., [55] who led to modern convolutional 

Network and started the creation of the popular MNIST data set, for digit recognition. He also 

introduced and used back propagation to neocognition which is the same technique used even 

today. This marked the  beginning of modern CNN, from the 2006 - 2012 Pascal Visual Object 

Classification challenge [56] expedited the object detection and annotation for standard dataset 

with 20 output classes. Then from the year 2012 - Present the Image Net Object Localization 

Challenge (ILSVRC), has produced several CNN architectures for Image classification, with 

1000 output classes. 

We applied transfer learing on various pre-trained CNN models and the results are recorded. 

The 5 different architectures under study are: AlexNet [57], VGG16, VGG19 [58], GooLeNet [59], 

ResNet-50 (He et al., 2015) [60].   

Table 2. Summary and description of the pretrained models used for transfer learning 

 

Architecture 
Input size of 

the image 

Number of 
Convolutional 

layers 

Number of 
Fully 

connected 
layers 

Activation function/ 
special Function 

used 

AlexNet 227 x 227 x 3 5 3 ReLU [57] 

VGG16 224 x 224 x 3 13 3 ReLU [58] 

VGG19 224 x 224 x 3 16 3 ReLU [58] 

GoogLe Net 224 x 224 x 3 22 0 
Inception module 

and Bottleneck layer 
[59] 

ResNet-50 224 x 224 x 3 50 0 
Residual block or 

skip connection[60] 
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RESULTS AND DISCUSSIONS 

The image fig 10 is a fundus image of an eye in RGB color. It‘s of a resolution of 2144 x 1424 

which has two images of fundus image of the same eye. This image alone has 9 million pixels, 

which will be a few billions of pixels for the whole dataset. This makes this project more 

computationally expensive. Moreover, only structural changes in the optic nerve head are only 

needed to detect the disease. So it‘s important to find the region of interest i.e. Optic Nerve 

Head from the fundus image and crop the ROI out of the image. 

    

Fig 10. Sample Image from the RIM-ONE dataset              Fig 11. Template Matching Output 

To automate the whole process of finding the region of interest and cropping it out of the image 

Template matching algorithm is used. In template matching, we input a manually cropped ROI 

as a template for the algorithm and the algorithm uses the template to convolute over a given 

image. This generates an image with BGR color pixels value varying from 0 to 1, where 0 is the 

darkest pixel and 1 is the brightest. The more the region in the given image is matching to the 

template the brighter is the region.  

The image fig 11 is the output from the template matching algorithm where the brightest spot 

corresponds to the region of interest. To obtain ROI coordinates of the brightest spot should be 

found on the template matching output and the corresponding region in the given image 

should be cropped to get ROI from the given image 
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      Fig 12. Cropped ROI from Fundus Image                          Fig 13. Gray Scale ROI Image 

The image is the BGR color image of Region of Interest generated using Template matching 

algorithm. The above image is of a resolution 700*800 and it‘s a 3 layered image so it still has 1.6 

million pixels for the image. So images are converted to a single layer grayscale image which 

will reduce the number of pixels about one third. 

Due to 3 different sets of databases released periodically images of the first release are of much 

lower resolution. So all the images are downscaled to a common resolution of 385*385 without 

compromising on quality. 

Conventional machine learning algorithms and convolutional neural networks were 

implemented on the RIM-ONE data set. The following are the results obtained for the 

conventional machine learning algorithms. 

 Sensitivity(%) Specificity(%) Accuracy(%) F1 Score AUC in ROC 

Support Vector 
Machine 

58.20 91.22 79.00 0.76 0.75 

Random Forest 53.73 94.74 79.55 0.75 0.78 

K Nearest 
Neighbours 

53.73 89.47 76.24 0.73 0.66 

Logistic 
Regression 

70.14 78.07 75.13 0.74 0.74 
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Ensemble 
Learning 

74.62 88.59 83.42 0.82 0.82 

Table 3. Results obtained with conventional machine learning algorithms  

The random forest model and ensemble learning model seem to perform better than all other 

conventional models. The highest sensitivity, accuracy and F1 score of 74.62%, 83.42% and 0.82 

respectively was seen in ensemble learning. However, the highest specificity of 94.74% was 

observed in the random forest algorithm. The AUC turns out to be 0.82 in ensemble model 

which is quite good followed by random forest model with an AUC of 0.78. 

 

Fig 14. Comparative ROC curve for all conventional machine learning models 

The conventional models have a maximum AUC of 0.78 by random forest. However the 

ensemble model has a higher AUC of 0.82 implying that ensemble learning does improve the 

accuracy of the models and increases surety of the classification by combining outputs of 

individual models with a majority vote. It is noted that SVM exactly traces the ensemble model 

curve to an extent which means that both models classify the true positives equally well but 

ensemble model performs better than SVM on false positives. It is interesting to note that 

random forest classifies true positives slightly better than the ensemble model. However, the 

ensemble model is the best at classifying false positives. 
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Fig 15. Confusion matrix for ensemble model 

The confusion matrix below implies that the ensemble model classified the images with  50 true 

positives and 101 true negatives. It can be seen that the model misclassified 30 images which is 

16.57% of the entire test image set. 101 normal images out of 118 normal images were classified 

as normal and 50 glaucomatous images out of 63 glaucomatous images were classified as 

glaucomatous. 

Hyper-Parameter Tuning in the pre-trained networks: 

For the transfer learning architectures AlexNet, VGG16, VGG19, GoogLeNetnad ResNet-50). 

We have used Adam Optimization with a learning rate of 0.001, batch size of 32 and the loss 

function as ‗categorical_crossentropy‘. 

The various pre-trained CNN architectures have been studied, hyper-parameters in the 

convolutional networks have been fixed. The performance metrics of the different networks are 

below. 
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Table 4. Description of the performance metrics of the different pre-trained convolutional 

neural networks. The sensitivity, specificity, AUC and Accuracy of the models are evaluated. 

ResNet with 50 layers had the highest sensitivity of 0.898 for the RIM-ONE dataset.  VGG19 pre-

trained model performed the best and exhibited the highest AUC of 0.8919. The closest was 

VGG19 with AUC of 0.8891 and then GoogLeNet 0.8631. The best pre-trained CNN models 

were VGG19 and GoogLe Net for the RIM-ONE dataset. Plotting the confusion matrix of the 

RIM-ONE dataset for the test images, which contains 85 glaucomatous and 107 healthy images 

assured that VGG19 and GoogLeNet indeed performed well for our data. 

Architecture Sensitivity Specificity AUC in ROC Accuracy(%) 

AlexNet 0.7982 0.8023 0.8102 78.82 

VGG16 0.8254 0.8133 0.8290 79.26 

VGG19 0.8891 0.8572 0.8919 84.91 

GoogLe Net 0.8631 0.8723 0.8872 81.63 

ResNet-50 0.8980 0.8625 0.8831 85.92 
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Fig 16. Confusion Matrix for the test dataset with 192 images with VGG19 as the pre-train 

transfer learning model. 

The false positive rate (in %) from the confusion matrix is 8.4%, the precision and recall 

computed for the VGG19 model was 0.8841 and 0.8117 respectively. The error rate of the 

VGG19 model is 13.02 %, which turns out to be the best results obtained using transfer learning 

model. 

CONCLUSION 

This paper presents a complete overview on machine learning and deep learning models 

applied to an image dataset. Glaucoma is an irreversible disease caused due to degeneration in 

retinal ganglion cells [1,2]. This paper automates the process of detection and compares the 

performance of conventional machine learning algorithms and deep learning using transfer 

learning. We used an open-source RIM-ONE dataset, and preprocessed the dataset to identify 

the region of interest and evaluate the performance for different models. 

It is seen that the ensemble model gave highest accuracy of 83.42% followed by random forest 

which yielded 79.55% accuracy. The highest sensitivity, accuracy, F1 score and AUC was 

obtained by ensemble model. However the highest specificity of 94.74% was obtained in the 

random forest algorithm compared to 88.59% obtained in ensemble learning. 
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The various pre-trained transfer learning models were Alex Net, VGG16, VGG19, GoogLe Net 

and ResNet-50, of which VGG19 and GoogLe Net performed better compared to other 

architectures. This can be due to their high complexity and large number of layers in the CNN. 

Feature extraction is a vital part which greatly affects any model‘s performance. We can see that 

the feature extraction in the conventional models follow an intuitive approach of computing the 

6 features row wise and column wise to capture the essence of the ISNT rule [65] which is used 

by ophthalmologists. The feature extraction performed by transfer learning however, uses 

pooling in order to extract features from the image. Deep learning methods include multi layer 

processing resulting in increased performance. One major difference between conventional 

models and transfer learning is that the latter learns the feature extraction during training [55] 

while in the former, the features are manually extracted and given as input to the algorithm, 

which could contribute to the difference between the performances of the two types of 

algorithms. 
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Abstract: 

 Artificial Intelligence (AI), which means building the systems that, can do intelligent 

things like human beings. Machines can perform automated tasks using human intelligence, 

such as visual perception, speech recognition, decision-making, and translation between 

languages. The one word, ―Decision Making‖, plays a vital role in Industrial revolution and 

now it has became a necessity after digital revolutions where information are being generated in 

trillions of bytes. To process this information in splits of a second and to make a decision, we 

needed that computer machine to think and perform like human brains and so the Artificial 

intelligence becomes more popular today because of increased data volumes, advanced 

algorithms and upgrade in computing power and storage. [1] 

AI makes it possible for machines to learn from experience, with correct new inputs and 

perform human-like tasks. The most AI examples starts from chess-playing computers to self-

driving cars-rely deeply on deep learning and natural language processing. Using these 

technologies, computers can be educated to perform specific tasks by processing large amounts 

of data and recognizing patterns in the data. 

Deep learning is a subset of Machine learning that predominantly solving complex 

problems with high speed and that has applications ranging from natural language processing 

and image recognition to drug discovery and toxicology, recommended systems etc. It is an 

enhancement of Artificial Neural Network (ANN) which imitates how the human brain learns 

and resolves the problems. Applications using deep learning are built on deep neural networks 

(DNN), with multiple hidden layers of units between the input and output layers. Artificial 

neurons loosely model an artificial brain, with each neuron connected to many others with an 

individual neural unit performing a summation function that combines the values of all its 
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inputs together. The effect is that it is possible to train systems to be self-learning and that can 

perform specific tasks, given enough training data and time. 

What exactly deep learning is it actually uses a neural network with several layers of 

nodes between input and output. It is generally better than other methods on images, speech 

and certain other types of data, because the series of layers between input & output do feature 

identification and processing in a series of stages, just as human brains seem to. 

Always we have good algorithms for learning weights in neural network with 1 hidden 

layer. But, we need more advanced algorithms for learning the weights in network with more 

hidden layers. 

The procedure of deep neural networks is that it considers some examples from a 

sample dataset and calculates error for this network. Adjust weight based on error and repeat 

this procedure each time by taking a random training instance, and making slight weight 

adjustments. So, algorithms are well designed for weight adjustments to make changes that will 

reduce the error. 

 Deep learning and AI have moved well beyond science fiction into the revolutionary of 

internet and enterprise computing. The availability of new, rich data sources, access to more 

computational power in the cloud, advancement of refined algorithms making deep learning 

real.  
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Abstract: Carotid artery images indicates any presence of plaque content, which may lead to 

atherosclerosis and stroke. Early identification of the disease is possible by taking B-mode 

ultrasound images in the carotid artery. Speckle is the inherent noise content in the ultrasound 

images, which essentially needs to be minimized. The objective of the proposed method is to 

convert the multiplicative speckle noise into additive, after which the frequency transformations 

can be applied. The method uses simple differentiation and integral calculus and is named 

variable gradient summation. It differs from the conventional homomorphic filter, by preserving 

the edge features to a great extent and better denoising. The additive image is subjected to 

wavelet decomposition and further speckle filtering with three different filters Non Local Means 

(NLM), Vectorial Total Variation (VTV) and Block Matching and 3D filtering (BM3D) algorithms. 

By this approach, the components dependent on the image are identified and the unwanted noise 

content existing in the high frequency portion of the image is removed. Experiments conducted 

on a set of 300 B-mode ultrasound carotid artery images and the simulation results prove that the 

proposed method of denoising gives enhanced results than the conventional process in terms of 

the performance evaluation methods like Peak Signal to Noise Ratio, Mean Square Error, Mean 

Absolute Error, Root Mean Square Error, Structural Similarity, Quality Factor, Correlation and 

Image Enhancement Factor.  

 

Keywords: speckle; denoising; carotid artery; wavelet decomposition. 

1. INTRODUCTION 

 Imaging modalities like Ultrasound, Magnetic Resonance Imaging, Computer Tomography, 

Thermal Imaging have noise built in from the acquisition process which has to be processed and 

removed for further detection of illness by segmentation and classification processes. Medical 

Ultrasound is non-invasive, cost effective, safe modality for primary and accompanying 

technique for other imaging techniques. It is highly influenced with multiplicative speckle 

noise, where the image is in the form of noise component multiplied with the image intensity. 

Other noises like gaussian and salt & pepper are additive, in the sense that, the noise and the 
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intensity are in added form. Speckle has an undesirable negative impact among radiologists. In 

addition, diagnosis may become erratic leading to mental pressure among patients.  

 Denoising the multiplicative noise is a time consuming process and also requires effective 

post processing. The denoised image is the input to the further processing methods like 

segmentation, feature extraction, classification or regression. Therefore the first step of 

denoising must be redundancy free to get the accurate classified results. The algorithms of these 

image processing tasks must be accurate and robust.  

 The general procedure to deal with speckle is to convert it to additive, and then perform the 

necessary frequency domain enhancement transformations in the additive component. Image is 

retried back by an exponential operation. Several granular speckle reducing filters were 

proposed in the literature to reduce the noise in the images assuming a multiplicative noise. 

There is no evident proof yet to justify speckle as a multiplicative noise corrupting image.  

  

Image Performance Metrics available like Peak Signal to Noise Ratio (PSNR), Structural 

Similarity Index Measure (SSIM), Mean Square Error (MSE) and many others have been used to 

compare the denoising techniques [1, 2, 3, 4]. De-An Huang et al. proposed self-learning from a 

single image based on a decomposition approach and dictionary learning applied on denoising 

[5]. But the method focused only on Gaussian noise and rain removal. The run time was nearly 

100s for an image of size 256*256 pixels which is not suitable for real time problems [6].  

 It is required to analyze the statistical behavior of the estimated image, while selecting the 

parameters of the filters. Gabriela Ghimpe et al. proposed a decomposition framework for 

image denoising, in which the components of the moving frame are identified. By this approach 

the local geometry of the image is preserved, which would have been the drawback of 

denoising the image directly [7]. The results outperformed in terms of PSNR and SSIM. The 

model the author proposed is suitable for filters like NLM, BM3D and VTV. But it is not suitable 

for images whose noise model is unknown [8,9].  

 Hossein et al. proposed a global way of filtering in patch based methods [10]. This will 

reduce the time complexity in large images. It is more suitable for the images which have more 

number of similar patches. The development of such a model with enhanced speckle reduction 

techniques is the current requirement for the granular ultrasound images. The purpose of this 

work is to address the speckle noise of the ultrasound images in a better way, so that the fine 

details and the edges are preserved to a large extent.  

 Regularization by a combination of total variation and a higher order variation and 

identifying the fidelity term by Kullback-Leibler divergence was proposed by Xi-Le Zhao et al. 

[11]. This method reduces the staircase effect along with noise removal in Synthetic and 
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ultrasound images. Combining data misfit and a weighted total variation function, as a product 

function for cost estimation, despeckling ultrasound images was proposed [12]. Smoothing in 

preferred orientations is done, to improve the denoising in boundaries of the image, with mean 

absolute error as the stopping criteria for iterations. Log compressed images can be obtained 

from the nakagami distribution, using a maximum a-posteriori estimation framework. 

Optimization of the augmented Lagrange and Chambolle‘s projection method was applied to 

solve the maximization problem [13]. A fast speckle reduction by a convex variational model 

was proposed by JieHuang et al. for ultrasound images. With KL distance metric, a variable 

splitting method and Bregman iteration was proposed [14]. An automatic selection of the 

regularization parameter of the Aubert–Aujol (AA) was proposed [15]. Spatial variation was 

concentrated more to improve the texture preservation. 

 The speckle is modelled by using a differentiation using calculus approach. The method is 

proved to be better than the traditional homomorphic filtering by both mathematical and 

numerical analysis. Further examined with wavelet decomposition and speckle reducing filters 

to improve the performance so that the filtered image is closer to the original image. The article 

starts with the carotid artery structure and the significance of using ultrasound imaging for 

stroke prediction by radiologists.  

 The mathematical modelling of the homomorphic approach and the proposed method are 

validated with numerical analysis. Filters are then applied for further denoising and their 

performance metrics are listed. The coherent speckle noise system has many number of 

randomly distributed scatterers with noise appearing as dark or bright dots in the image. The 

brightness of the pixel depends on the phase relationship between the returned waves from the 

scatterers and the scatterer properties in the resolution cell. 

 Speckle is present in ultrasound images which is inexpensive and a good diagnosis tool in 

the area of medical imaging. Carotid atherosclerosis, which is a chronic degenerative disease, 

which results in the formation of fat deposit called plaque in the inner lining of the carotid 

artery [16]. B mode ultrasonographic images can be used for identifying the plaque stenosis 

extent in the carotid artery. The comparison of the traditional homomorphic filter and the 

proposed Vectorial Gradient Summation (VGS) is done for the B mode ultrasound carotid 

artery images with and without plaque. The method is tested in 300 carotid artery ultrasound 

images, with and without plaque, acquired from a scan center. The age group of the people 

were 50 to 70. In the list, 135 images were images which had abnormalities like plaque 

formation. The remaining images were normal images which did not have any abnormalities. 

 

 

https://www.sciencedirect.com/science/article/pii/S0165168412003258?via%3Dihub#!
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2. PLAQUE DETECTION USING ULTRASOUND CAROTID ARTERY IMAGES 

 Carotid artery abnormalities are found using ultrasound imaging [17-19]. The proposed 

method is applied in those images for speckle reduction. 

 
 

Fig. 1. Basic Model for Denoising of Image. 

 Fig.1 gives the process to be followed with the traditional homomorphic and VGS approach. 

Understanding the biomechanical features of carotid artery is the only option for early detection 

of stroke and other heart related illnesses, so that preventive measures can be initiated. Fig. 2 

gives the internal structure of the carotid artery with and without plaque deposit.    C.P. Loizou 

et al., proposed texture analysis of the ultrasound image of CCA and its correlation with age 

and gender of the patient [20].  

  ZhifanGao et al. proposed a non-linear state space approach with a time variant control 

signal generated by a mathematical model for the common carotid artery wall tracking from a 

sequence of images [21]. To derive the state of the target tissue, an unscented kalman filter was 

used to solve the nonlinear state transfer function. By initiating an elasticity based state space 

approach for motion estimation is proposed [22]. Block matching and parameter training for the 

parameter initialization problem is done. 
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 Intima is a thin layer which grows with age, for a normal person. Media layer is a smooth 

muscle cell echolucent layer, between the intima and the adventitia layers. It does not change 

considerably with age. The formation of fat deposit in the interior of the artery, significantly 

changes the thickness of the intima media layer and the adventitia boundary.  

 Detecting the changes in the carotid artery layers and accurate measurement of plaque 

diameter is possible when ultrasound image is taken in the subjected area. B-mode ultrasound 

imaging technique is cost effective, non-invasive and provides us a reliable source of 

information regarding carotid artery features.  

 It provides the geometry, flow rate information and also the composition of the plaque 

which is a very useful measure for further treatment. But the granular looking multiplicative 

speckle noise is the area which has to be addressed in ultrasound image. Speckle reduction will 

considerably show improved image quality.  

 

Fig. 2. Internal Structure of Common Carotid Artery. 

3. MATHEMATICAL AND NUMERICAL MODELLING OF HOMOMORPHIC FILTERING 

3.1. Mathematical Model 

 The technique used in literature is the homomorphic filtering technique which applies the 

illumination reflection model. The model is given by  

I(x,y) = i(x,y) *r(x,y)                      (1) 

I(x,y) is the acquired image which is the product of the brightness component from the source 

i(x,y) and the reflectance component of the object on the scene of interest r(x,y). By this 

approach, the incidence changes slower than reflectance and thus comprises more of the low 

frequency proportion.  

 In homomorphic filtering, the low frequency component is reduced, thus reducing the effect 

of illuminance and preserving the high frequency reflectance component. For achieving the 

filtering process, it is necessary to transform the spatial domain image to frequency domain by 



 

60 | P a g e  
 

any frequency domain transformations like fourier transform. Before the transformation, the 

multiplicative component is converted by taking logarithm [23, 24].  

The steps followed in homomorphic filtering is presented in this section.  

Log on both sides gives,  

z(x,y) = ln(I(x,y)) = ln(i(x,y)) + ln(r(x,y))         (2) 

Applying Fourier transform on both sides, 

F{z} = F{ln(i(x,y))} + F{ln(r(x,y))}                              (3) 

F{z} = Fi(u,v) + Fr(u,v)                      (4) 

Fi(u,v) is the fourier transform of ln(i(x,y)) and Fr(u,v) of ln(r(x,y)). On applying H(u,v) on the 

frequency domain, Z(u,v) which is the filtered resultant image is calculated as  

R(u,v)=Z(u,v)H(u,v)=Z(u,v)Fi(u,v)+Z(u,v)Fr(u,v)         (5) 

H may be any of the filtering technique which may be selected based on the application. To get 

back the image in spatial domain, inverse fourier transform is performed. 

r(x,y)=F-1(u,v)=F-1{Z(u,v)Fi(u,v)+Z(u,v)Fr(u,v)}         (6) 

To remove the logarithm and get the denoised enhanced image exponential is applied on r(x,y).  

g(x,y) = exp{r(x,y)}                                (7) 

 By this method, the granular multiplicative speckle is converted to additive and thus 

frequency domain processing are performed for enhancement. Speckle has the property of 

minimizing the contrast and signal to noise ratio of the tissues and the homomorphic filtering 

has done its first step in minimizing the speckle content.   

 It has the ability to increase the brightness and contrast by locating and separating the 

illuminance and reflectance components along with dynamic controlling. Homomorphic 

filtering is a very old technique, which is also applied in majority of the other applications like 

speech and signal processing. 

 

3.2. Numerical Analysis 

  Assuming the image to be linearly distributed and modelled as i(x) = x + 4 and the linearly 

varying speckle, assume r(x)=x + 5. 

log(g) = log(i * r) = log(i) + log(r)          (8) 

log(g) = log(x+4) + log(x+5) 
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Assuming the image to be linearly distributed as i(x) = x+4 and the speckle noise to be 

exponentially distributed as      r(x) = ex 

log(g) = log(x+4) + log(ex)                    (9) 

Applying different values for x, the logarithm of the resultant image characteristics are 

obtained. The resultant Fig. 3 shows both linear speckle and the exponential speckle gives linear 

curve.  

 

 
 

Fig. 3.   Homomorphic filtering applied on linear and exponential speckle model. 

4. MATHEMATICAL AND NUMERICAL MODELLING OF THE PROPOSED VARIABLE 

GRADIENT SUMMATION APPROACH 

4.1. Mathematical Model 

 To convert the multiplicative speckle noise into additive, a differentiation integration 

calculus method is proposed, which preserves more details and gives much better performance 

evaluation metrics than the homomorphic filtering. Excessive speckle reduction may lead to 

loss of fine necessary details of image which may contain lesions. But the proposed VGS 

approach visually preserves the fine details of the carotid artery ultrasound image, thus does 

not affect the further segmentation and classification results.  

 Thus far, for converting the multiplicative to additive noise, homomorphic filtering is only 

applied in most of the literature. Consider S(x) as the speckle noise spread over the entire image 

and as a function of pixel value x.  The original image intensity is represented as a(x). Since 

speckle is multiplicative, 
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n(x) = S(x) a(x)             (10) 

n is the corrupted noisy image. On differentiating, 

𝑑

𝑑𝑥
 𝑛 𝑥  =  

𝑑

𝑑𝑥
[𝑆 𝑥 𝑎 𝑥 ]           (11) 

                   = 𝑆 𝑥 
𝑑

𝑑𝑥
 𝑎 𝑥  + 𝑎(𝑥)

𝑑

𝑑𝑥
(𝑆 𝑥 )                  (12) 

Speckle content in the image has very less intensity compared to the image intensity. So the 

differentiation of the speckle will have even more smaller value. Hence neglecting the term 
𝑑

𝑑𝑥
(𝑠 𝑥 ) term and assuming exponential speckle, the equation 12 becomes  

𝑑

𝑑𝑥
 𝑛 𝑥  = 𝑆 𝑥 

𝑑

𝑑𝑥
 𝑎 𝑥  + 𝑎(𝑥)          (13) 

For linearly distributed images of intensity values a(x) may be assumed as x. Linear distribution 

is similar to a ramp signal.  

𝑑

𝑑𝑥
 𝑛 𝑥  = 𝑆 𝑥 + 𝑎(𝑥)           (14) 

Thus the multiplicative speckle is made additive by differentiation. This differentiation is for 

the point spread and to integrate the differentiation for the whole image, integration is 

performed on both sides. Further, the frequency domain processing are performed for 

enhancement of the image suitable for segmentation and classification.  

 
𝑑

𝑑𝑥
 𝑛 𝑥  𝑑𝑥 =   𝑠 𝑥 𝑑𝑥 +  𝑎 𝑥 𝑑𝑥                         (15) 

 The above equation represents that on integrating each speckle gradient of the speckle 

content over the entire image, resultant is the summation of the speckle noise content over the 

entire image and the intensity of the original image without added speckle content.  

Hence it can be concluded that: n‘(x) = S‘(x) + a‘(x) 

Where S‘(x) represents the speckle noise over the entire image and a‘(x) represents the intensity 

of the whole image without any added speckle. Hence, this speckle property start from each 

speckle point and gradually spread over the entire image. Hence the speckle noise can be 

termed as ‗Point Spread Noise‘ [25]. 

 

4.2. Numerical Analysis 

Considering linear image intensity distribution over the original image, a(x) = x+4. Since 

speckle noise is exponentially distributed, S(x) = 𝑒𝑥 . By eqn 10,  

𝑛 𝑥 =  𝑒𝑥𝑥4            (16) 
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Differentiating with respect to x, 

𝑑

𝑑𝑥
 𝑛 𝑥  =  

𝑑

𝑑𝑥
[𝑒𝑥𝑥4]           (17) 

                  = 𝑒𝑥 𝑑

𝑑𝑥
 𝑥 + 4 + (𝑥 + 4)

𝑑

𝑑𝑥
(𝑒𝑥)          (18) 

                  = 𝑒𝑥 + (𝑥 + 4)𝑒𝑥             (19) 

Integrating on both sides, 

𝑛 𝑥 =   𝑒𝑥 +   (𝑥 + 4)𝑒𝑥                               (20) 

Where  𝑒𝑥 the summation of all speckle points is over the image and the second term 

represents intensity of the whole image. The equation reduces to  

𝑛 𝑥 =  𝑒𝑥 +
𝑥2

2
+ 4𝑥                            (21) 

   

 
Fig. 4. VGS Approach 

Considering speckle noise follows linear distribution, S(x)=x+c. Let the constant c be 5, S(x)  = 

x+5. Hence linearly distributed image, a(x) = x + 4. 

n(x) = (x + 5) (x + 4)           (22) 

𝑑

𝑑𝑥
 𝑛 𝑥  = 2𝑥 + 9                        (23) 
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By addition of speckle and image intensity, 

n(x) = S(x) + a(x) = (x + 5) + (x + 4)         (24) 

        = 2x + 9        (25) 

 Thus proved that differentiation of the noisy image is equal to the sum of image intensity 

and speckle content. On integrating the above expression over the whole image,  

𝑛 𝑥 =  (𝑥 +  5)𝑑𝑥 +   𝑥 + 4 𝑑𝑥 =  𝑥2 + 9𝑥 (26) 

Our assumptions and conclusions to convert speckle noise from multiplicative to additive holds 

true only if the intensity of the original image is linearly distributed, known that speckle follows 

linear distribution over the image. Exponential speckle could result in an increased 

differentiated output over sum of speckle and image intensity. 

𝑒𝑥 𝑥 + 4 > 𝑒𝑥 + (𝑥 + 4)          (27) 

 But it could result in lowering down the speckle content spread over the entire image by a 

known factor  𝑒𝑥 𝑥 + 4 −  𝑒𝑥 + (𝑥 + 4)  which is a considerable amount of noise content. 

Hence this method could be helpful in speckle reduction over the images. Therefore, 

considering linear distribution of speckle noise content over a linearly distributed intensity of 

original image the multiplicative speckle could be converted to an additive speckle.  

 The following are the observations after implementation of proposed algorithm: For 

exponential varying speckle the image in the integrated expression provides better results than 

the image intensity taken directly. For linearly varying speckle the image in the added 

expression of 𝑆 𝑥 + 𝑎(𝑥)  provides better results than image intensity in the integrated 

expression. 

 

Table 1 

Difference between product and summation for exponentially varying speckle compared with 

traditional homomorphic filtering 

Image 

intensity x 
𝑒𝑥(𝑥 + 4) 𝑒𝑥 + (𝑥 + 4) 

Reduced speckle 

content 𝑒𝑥 𝑥 + 4 −

𝑒𝑥 + (𝑥 + 4) 

Reduced speckle 

content -

homomorphic 

filtering 

2 44.33 13.38 30.95 1.646 

3 140.59 27.08 113.51 2.147 

10 308370.52 22040.46 286330.06 5.4891 
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15 6.211 ×  107     3.269 ×  106           5.88 ×  107 7.793 

75 2.949 × 1034    3.733 × 1032         2.911 × 1034 34.469 

 

Table 1 indicates that the reduced speckle content for the proposed approach is better than that 

of the homomorphic filter.  

5. VGS APPLIED TO WAVELET DECOMPOSITION AND OTHER DENOISING 

METHODS 

5.1. Wavelet Decomposition 

 Most of the speckle reducing approaches apply locally adaptive recovery methodologies, like 

partial differentiation methods, adaptive methods and wavelet based methods. Wavelet 

thresholding methods are applied along with speckle reducing filters, considering the noise is 

converted to additive Gaussian  

 

from multiplicative speckle. After automatic threshold selection, the wavelet coefficients are 

shrinked selectively to zero and decomposed till the majority of the low coefficients are 

processed [26-27].  

 The desired information is represented by fewer number of coefficients, and the energy of 

the noise is spread across the wavelet coefficients. For the compact representation, the other 

wavelet should be similar to the ultrasound pulse. The Bayesian map estimator applied for the 

wavelet transform is given by  

𝑦 𝑔 = arg max[−
 𝑔−𝑥 2

2𝜎ɳ
2 + 𝑝 𝑥 ]                  (28) 

Where ɳ is the noise in the image with mean zero and variance𝜎ɳ
2. 

 Homomorphic filter and the proposed method are compared by applying on wavelet 

threshold decomposition and then filters like non-local means (NLM), Block Matching and 3D 

filtering (BM3D) and Vectorial Total Variation (VTV) were applied for further denoising. Then 

the inverse wavelet thresholding is applied along with inverse of either homomorphic or 

proposed method based on which method was applied initially.   

 

 

 



 

66 | P a g e  
 

5.2. Non-Local Means (NLM) Filter 

 Yi Zhan et al. proposed iterative weight refining for non-local means denoising applied on 

ultrasound images using the mean of absolute error [28,29]. NLM uses the correspondence 

innate in the images where the similarity is reserved patch wise, which is combined with 

wavelet shrinkage which uses the sparsity in the image.  

 For the acquired speckled image I, at pixel (x,y), the refurbished intensity, K(x,y) by the 

traditional non-local means filter is given by the following equation. 

𝐾 𝑥,𝑦 =   𝐼(𝑟, 𝑡)ɸ(𝑥,𝑦, 𝑟, 𝑡)(𝑟 ,𝑡)∈Ω(𝑥 ,𝑦)                       (29) 

Where Ω(x,y) is a search window centered at image pixel location (x,y) and ɸ is the weight 

indicating the similarity in structure between (r,t) and (x,y) coordinates, given by 

𝜔 𝑥,𝑦, 𝑟, 𝑡 =  
1

𝑍(𝑥 ,𝑦)
exp  −

𝐷𝑖𝑠 𝑥 ,𝑦 ,𝑟 ,𝑡 

𝑥2                         (30) 

Z is the normalization constant and h is the decay parameter which controls the degree of 

filtering. Eucledian distance D is, is the difference between square of 𝐼𝑝
𝑛 𝑥,𝑦  and𝐼𝑝

𝑛 𝑟, 𝑡 .  

 The algorithm is realistic after the necessary applying the image enhancements and selecting 

neighborhood adaptively. Applying Bayesian framework, a similarity weight is introduced in 

the traditional NLM, to significantly suppress the speckle content. Results obtained indicates 

that the proposed method along with NLM and wavelet decomposition performs better than 

homomorphic filtering in terms of evaluation metrics like Peak Signal to Noise Ratio (PSNR), 

Mean Square Error (MSE), Mean Structural Similarity (MSSIM) and Quality Index (QI). 

 

5.3. Block Matching and 3D (BM3D) Filter 

 BM3D filtering is applied in the sparse representation of the wavelet domain thus effectively 

separating the noise in the image. It is done by grouping of similar 2 dimensional blocks into 

groups called 3D arrays, collaborative filtering and shrinkage of the generated groups. Thus 

BM3D uses the advantage of more number of similar patches and the highly correlated local 

data, thus uses both the both local and global features of the image. The image intensity can be 

preserved and separated from the noise content effectively when filtering is executed in 3D.  

 This denoising method exploits the possible likeness like correlation, affinity, etc. among 

clustered blocks to evaluate the exact signal in all of them by producing a highly sparse 

representation in 3D transform domain, so that the noise can be removed by wavelet shrinkage. 

This approach of exploiting similarity and estimating the original signal is called as 

collaborative filtering. This progression reveals the finest details shared by grouped blocks by 

preserving the unique features of each individual block.  
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 Igor Djurovic proposes that the method improves the decision based median filter with 

adaptive characteristics [30]. For each reference patch, similar patches are identified from the 

input image by classifying them according to some similarity criteria and transformed into a 3D 

data array by grouping the matched 2D blocks with automatic threshold selection, the 3D 

matrix is filtered in the transform domain. The noise intensity is much reduced when different 

patches are processed instead of local neighbourhood [31].  

 By identifying the repeating details, BM3D performs better filtering in edges and boundaries 

of the image, thus preserving the necessary details. Initially, similar regions are generated in the 

wavelet transform domain. The transform coefficients whose values are less than the threshold 

value is made zero. With the formation of the 3D matrix, 3D patches are formed. The 

coefficients below the threshold are removed and the others are preserved. The operation is 

done for all pixels and then aggregated to the similar blocks. Inverse 3D filtering is performed 

and gathering of the patches is done to get the filtered image. 

 For linear and exponential speckle, BM3D with the proposed method gives enhanced results 

with respect to MSE, Signal to Noise Ratio (SNR), Root Mean Square Error (RMSE) and Image 

Enhancement Factor (IEF) than the traditional logarithmic conversion method. 

 

5.4. Vectorial Total Variation (VTV) Filter 

 VTV is a type of regularization denoising algorithm, which penalizes the gradient magnitude 

of the channel by taking L2 differences, thus combines the available channels with regularizing 

vectorial total variation to preserve the edge details. It is based on the principle that if the image 

has more number of total variations, then integration of the absolute gradient value will be 

high.  

 Instead of using a regularization norm, the VTV norm is minimized to reduce the number of 

iterations and thus the execution time is minimized. Thus by minimizing the total variations, 

the noise component can be removed, preserving the image intensity. In the generated vectorial 

image, the direction of the maximum and the minimum variations are acquired using 

eigenvectors. The information regarding the rate of change happened is collected using the 

corresponding eigenvalues. To prevent the staircasing effect, higher order VTV is performed 

[7,32].  

 

5.5. Quality Metrics 

The goal of the image denoising algorithm is to remove the noise content without making 

changes in the fine details of the image. To prove the proposed filters performance, the original 
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image is corrupted with speckle noise of different variance and mean zero. Homomorphic 

filtering and the proposed calculus method are simulated with the wavelet decomposition and 

other speckle reducing algorithms [19]. The denoised image is compared with the original 

image with the following performance evaluation quality metrics. 

Table 2 
Denoising  Performance Evaluation Measures

Sl.No. Quality Metrics Formula Remarks 

1 Signal to Noise Ratio (SNR) µ/σ Level of the background noise of 

image can be compared 

µ - signal mean; σ - standard 

deviation of the noise 

2 Peak Signal to Noise Ratio 

(PSNR) 

10log10(2552/MSE)  Approximation to human 

perception of reconstruction 

quality. M,N – dimensions of the 

image 

3 Mean Square Error (MSE) 1

𝑀𝑁
  (𝑋 𝑖, 𝑗 − 𝑌 𝑖, 𝑗 )2

𝑁

𝑗=1

𝑀

𝑖=1

 
Collective squared error between 

the denoised and the original 

image 

4 Mean Absolute Error (MAE) 1

𝑀𝑁
  |𝑋 𝑖, 𝑗 − 𝑌 𝑖, 𝑗 |

𝑁

𝑗=1

𝑀

𝑖=1

 
Average of the absolute errors 

5 Root Mean Square Error 

(RMSE)  
1

𝑀𝑁
  [𝑋 𝑖, 𝑗 − 𝑌 𝑖, 𝑗 ]2

𝑁

𝑗=1

𝑀

𝑖=1

 

Square root of the squared error 

averaged in the window 

6 Mean Structural Similarity 

Index Metrics (MSSIM) 

(2𝜇𝑥𝜇𝑦 + 𝐶1)(2𝜎𝑥𝑦 + 𝐶2)

(𝜇𝑥
2 + 𝜇𝑦

2 + 𝐶1)(𝜎𝑥
2 + 𝜎𝑦

2 + 𝐶2)
 

𝐶1 = (𝐾1𝐿)2; 𝐶2 = (𝐾2𝐿)2 

Dynamic range of pixel  

𝐿 = 2𝑏𝑖𝑡𝑠  𝑝𝑒𝑟  𝑝𝑖𝑥𝑒𝑙 − 1 

𝐾1 = 0.01;   𝐾2 = 0.03 by 

Measures similarity between two 

images consistent with visual 

perception 
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default 

7 Image Quality Index 

(IMGQ) 

𝜎𝑥𝑦

𝜎𝑥𝜎𝑦

2𝜇𝑦𝜇𝑥

𝜇𝑦
2 + 𝜇𝑥

2

2𝜎𝑥𝜎𝑦

𝜎𝑥
2 + 𝜎𝑦

2 
Gives performance based on 

visual interpretation of the 

denoised image 

8 Correlation (r) 
  𝑋 𝑖, 𝑗 

𝑘

𝑗=−𝑘

𝑘

𝑖=−𝑘
𝑌(𝑥 − 𝑖,𝑦

− 𝑗) 

Correlation between the images 

9 Image Enhancement Factor 

(IEF) 

  {𝑁 𝑖, 𝑗 − 𝑋 𝑖, 𝑗 }2𝑛
𝑗=1

𝑚
𝑖=1

  (𝑌 𝑖, 𝑗 − 𝑋(𝑖, 𝑗)2
𝑗=1𝑖=1

 
The factor by which the image is 

enhanced without distorting the 

fine details 

  

Table 2 gives the performance evaluation metrics for comparing the proposed approach with 

the homomorphic filtering. X(i,j) denotes the initial carotid artery ultrasound image; N(i,j) the 

noisy image and Y(i,j) represents the denoised image. The values of SNR, PSNR, MSSIM, IMGQ, 

correlation and IEF must be high and MSE, MAE, RMSE values must be low for a good 

denoising filter. 

 

6. RESULTS AND DISCUSSIONS 

 Symptomatic and asymptomatic images of the Common Carotid Artery (CCA) were 

acquired from a local scan center and was subjected to homomorphicdenoising and the 

proposed VGS approach. Carotid artery ultrasound images were added with speckle noise of 

different variances and zero mean. The noised image is subjected to homomorphic filter by 

applying log transformation.  

 The transformed image is then processed with wavelet decomposition and the resulting 

coefficients are given to the denoising filters like NLM, BM3D and VTV one after the other. To 

the processed image inverse wavelet transformation and exponential to remove homomorph 

are applied. The denoised image is compared with the original image with the performance 

evaluation metrics. The same procedure is followed with the proposed variable gradient 

summation cystolithic calculus conversion of multiplicative speckle to additive. The simulations 

results are compared with the performance valuation metrics specified in the table 2.  
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Fig. 5 (a-e). Sample Images.  (a)Normal Left CCA.  (b)Left CCA with Plaque. 

 

 

(c)Left CCA with Bulb. 

      

(d)Left CCA plaque bulb. (e)Normal Left CCA. 

   

Fig. 6 (a-d).  (a)0.004 speckled  (b)homomorphic filtered                                          

   

(c) filtered by proposed  VGS considering exponential speckle (d) linear speckle 

   

Fig. 7(a-c). (a) DWT with NLM in log transform (b) for exponentially varying speckle  (c) 
linearly varying speckle 
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Fig 8.a. MSE Comparison 

 
 

Fig 8.b. PSNR Comparison 

 
Fig 8.c. SNR Comparison 

 

 
Fig 8.d. RMSE Comparison 
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Fig 8.e. MAE Comparison 

 

Fig 8.f. MSSIM Comparison 

 

 
 

Fig 8.g. IMGQ Comparison 
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Fig 8.h. Correlation Comparison 

 
 

Fig 8.i. IEF Comparison 

      

Fig. 9.   Residual Analysis: (a)With Homomorphic filtering; (b)With proposed Variable Gradient 

Summation method 

       

       

Fig. 10.   Results of DWT + VTV applied with the proposed VGS approach for the sample 

images 5(b-e) 

The image undergoes some initial level preprocessing and soft thresholding by automatic 

threshold selection. The higher order coefficients of the wavelet decomposed image are 
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quantized and edge preserving genetic algorithm refines the parameter optimized threshold 

value based on the image of interest.  Fig.6 a-d gives the sample carotid artery ultrasound 

images used subjected to homomorphic filtering and variable gradient summation method 

considering linear and exponential speckle. Results for the first image are shown. 

 Fig.7 a-c shows the processed image with LNM and wavelet decomposition with the 

proposed method for the different speckles. Fig.8 a-i plots the performance evaluation metrics 

comparison for the various applied filters. From the plots, it can be inferred than MSE, RMSE 

and MAE, the error components gives better results for the proposed methodology of speckle 

conversion but without wavelet decomposition. PSNR and quality index approaches higher 

values for applying VTV on wavelet decomposed image and the approaches NLM, BM3D, VTV 

without wavelet decomposition. SNR is high for VTV with and without wavelet decomposition.  

Table 3 

Denoising Performance for different filters for five image samples 
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Image Filter Method MSE PSNR SNR RMSE MAE MSSIM IMGQ corr IEF 

Image 1 DWT+NL

M 

Homomorp

h 

149.44 3.76 15.49 165.44 160.37 0.1802 0.153 0.435 0.654 

VGS - exp 121.59 4.65 14.49 149.24 142.87 0.1925 0.194 0.476 0.103 

VGS - linear 151.84 3.69 16.52 166.77 161.22 0.2003 0.199 0.337 0.108 

DWT+BM3

D 

Homomorp

h 

135.27 4.19 14.11 157.41 151.7 0.2108 0.190 0.554 0.163 

VGS - exp 117.69 4.79 13.76 146.82 140.38 0.2055 0.203 0.572 0.115 

VGS - linear 119.22 4.74 14.17 147.77 139.27 0.2415 0.242 0.373 0.09 

DWT+VTV Homomorp

h 

53.668 13.86 21.77 51.70 41.87 0.556 0.553 0.032 1.07 

VGS - exp 42.44 14.88 22.54 45.97 37.59 0.506 0.577 0.019 0.909 

VGS - linear 45.473 14.58 21.44 47.58 38.8 0.515 0.514 0.028 0.69 

Image 2 DWT+NL

M 

Homomorp

h 

147.40 2.16 12.18 168.55 165.20 0.0991 0.123 0.421 0.635 

VGS - exp 110.72 5.38 15.00 132.21 145.11 0.1925 0.187 0.437 0.211 

VGS - linear 121.42 2.19 16.12 170.01 160.08 0.2234 0.200 0.356 0.111 

DWT+BM3

D 

Homomorp

h 

162.30 5.76 12.11 151.22 149.76 0.2421 0.170 0.512 0.123 

VGS - exp 109.35 6.12 13.55 145.12 138.22 0.2111 0.205 0.594 0.185 

VGS - linear 118.78 4.22 14.77 146.39 136.14 0.2209 0.237 0.384 0.081 

DWT+VTV Homomorp

h 

55.77 12.80 23.42 55.78 49.56 0.6121 0.493 0.042 0.879 

VGS - exp 41.23 14.56 21.11 44.32 36.25 0.5423 0.621 0.021 0.999 

VGS - linear 44.21 14.78 22.54 43.18 37.50 0.5224 0.516 0.020 0.701 

Image 3 DWT+NL

M 

Homomorp

h 

152.12 2.88 14.21 170.22 165.78 0.1812 0.161 0.444 0.611 

VGS - exp 120.19 5.12 15.98 151.89 137.26 0.1922 0.181 0.479 0.121 

VGS - linear 154.28 4.87 16.32 164.13 159.87 0.2343 0.211 0.389 0.132 
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DWT+BM3

D 

Homomorp

h 

138.11 4.90 13.12 160.11 149.90 0.2231 0.186 0.512 0.101 

VGS - exp 110.12 5.16 14.11 144.92 138.92 0.2121 0.221 0.600 0.123 

VGS - linear 118.48 5.87 14.99 145.18 139.11 0.2431 0.231 0.388 0.081 

DWT+VTV Homomorp

h 

55.38 12.11 20.28 58.23 45.78 0.6121 0.555 0.031 0.912 

VGS - exp 41.55 15.18 24.54 44.12 37.00 0.5232 0.612 0.012 0.981 

VGS - linear 44.89 14.56 21.17 46.11 38.10 0.5111 0.678 0.002 0.752 

Image 4 DWT+NL

M 

Homomorp

h 

146.12 3.77 15.66 164.32 157.85 0.1888 0.151 0.488 0.11 

VGS - exp 120.34 5.12 14.77 148.57 148.01 0.1956 0.198 0.411 0.561 

VGS - linear 150.87 3.89 17.42 165.11 160.87 0.2223 0.189 0.354 0.411 

DWT+BM3

D 

Homomorp

h 

137.12 4.99 14.90 155.12 150.12 0.2018 0.191 0.512 0.111 

VGS - exp 114.21 5.43 16.67 140.87 147.89 0.2231 0.211 0.589 0.132 

VGS - linear 118.74 5.11 15.12 146.23 140.78 0.2512 0.237 0.311 0.078 

DWT+VTV Homomorp

h 

55.11 13.88 22.00 50.87 40.87 0.6321 0.541 0.012 0.061 

VGS - exp 40.76 15.23 22.66 44.23 36.78 0.5413 0.581 0.018 0.989 

VGS - linear 44.23 14.77 21.48 46.91 38.41 0.521 0.511 0.011 0.701 

Image 5 DWT+NL

M 

Homomorp

h 

149.44 3.77 15.61 164.87 161.51 0.1812 0.154 0.540 0.611 

VGS - exp 127.88 4.11 14.54 147.22 144.32 0.1977 0.187 0.411 0.111 

VGS - linear 148.99 3.76 16.01 162.17 160.89 0.2123 0.187 0.300 0.121 

DWT+BM3

D 

Homomorp

h 

131.23 5.56 14.67 150.12 150.72 0.2111 0.198 0.501 0.181 

VGS - exp 115.11 5.12 13.57 137.89 141.23 0.2123 0.223 0.600 0.111 

VGS - linear 110.11 4.99 14.23 140.07 138.76 0.2511 0.277 0.311 0.078 

DWT+VTV Homomorp 55.67 13.66 21.11 58.92 40.87 0.5651 0.578 0.011 0.900 
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h 

VGS - exp 41.00 14.92 23.54 44.87 36.52 0.6121 0.612 0.016 0.989 

VGS - linear 44.23 14.99 21.44 46.99 38.88 0.5231 0.587 0.030 0.789 

Image 6 DWT+NL

M 

Homomorp

h 

148.77 3.88 15.88 165.29 162.33 0.1889 0.152 0.429 0.655 

VGS - exp 126.99 4.24 13.34 145.89 141.89 0.1999 0.177 0.411 0.123 

VGS - linear 147.12 3.12 16.19 160.98 158.91 0.2122 0.198 0.390 0.129 

DWT+BM3

D 

Homomorp

h 

135.23 4.92 14.87 151.78 151.23 0.2111 0.167 0.571 0.178 

VGS - exp 111.89 5.89 13.97 146.03 137.99 0.2123 0.289 0.611 0.190 

VGS - linear 116.67 5.97 15.67 141.11 137.66 0.2441 0.222 0.322 0.088 

DWT+VTV Homomorp

h 

53.28 11.77 20.65 58.77 44.23 0.6188 0.501 0.011 0.905 

VGS - exp 42.01 16.87 24.88 44.88 37.98 0.5222 0.687 0.017 0.990 

VGS - linear 43.89 14.67 21.20 45.78 38.23 0.5290 0.698 0.006 0.755 

Image 7 DWT+NL

M 

Homomorp

h 

138.99 3.22 12.98 164.42 161.11 0.0989 0.187 0.482 0.633 

VGS - exp 108.21 5.89 15.28 131.88 145.23 0.1922 0.129 0.433 0.222 

VGS - linear 120.77 2.99 15.98 167.77 162.35 0.2222 0.219 0.355 0.122 

DWT+BM3

D 

Homomorp

h 

158.89 5.77 12.91 150.91 147.67 0.2489 0.187 0.510 0.128 

VGS - exp 100.19 5.99 13.33 146.23 136.91 0.2129 0.239 0.598 0.188 

VGS - linear 117.89 4.18 14.87 146.90 134.56 0.2299 0.233 0.388 0.087 

DWT+VTV Homomorp

h 

54.87 12.89 24.94 53.47 49.55 0.6187 0.499 0.041 0.888 

VGS - exp 40.89 14.2 21.78 44.31 35.09 0.5321 0.622 0.027 0.996 

VGS - linear 44.19 14.99 22.01 43.11 37.89 0.5219 0.519 0.029 0.721 

Image 8 DWT+NL

M 

Homomorp

h 

145.55 3.89 15.22 164.32 145.55 0.1787 0.151 0.412 0.89 
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VGS - exp 122.29 5.89 14.89 138.91 143.33 0.1990 0.200 0.444 0.511 

VGS - linear 151.89 3.27 18.11 164.44 158.88 0.2212 0.199 0.333 0.401 

DWT+BM3

D 

Homomorp

h 

135.21 4.10 14.87 152.22 154.44 0.2111 0.194 0.500 0.121 

VGS - exp 112.22 5.76 16.62 142.22 147.89 0.2222 0.234 0.588 0.187 

VGS - linear 115.45 5.11 15.21 145.59 141.11 0.3434 0.222 0.322 0.077 

DWT+VTV Homomorp

h 

57.89 13.88 22.18 50.88 44.54 0.6339 0.501 0.011 0.066 

VGS - exp 41.45 16.02 23.89 44.10 36.01 0.5431 0.511 0.019 0.982 

VGS - linear 44.28 14.26 21.44 46.99 38.44 0.5123 0.500 0.021 0.712 

Image 9 DWT+NL

M 

Homomorp

h 

146.66 3.59 14.22 165.56 158.89 0.1888 0.162 0.421 0.629 

VGS - exp 122.25 5.87 16.11 150.87 132.34 0.1911 0.182 0.480 0.185 

VGS - linear 153.34 4.88 16.39 162.22 158.67 0.2349 0.223 0.333 0.139 

DWT+BM3

D 

Homomorp

h 

140.40 4.99 13.11 160.01 149.00 0.2123 0.189 0.511 0.119 

VGS - exp 111.11 6.18 15.67 144.99 138.09 0.2122 0.229 0.619 0.189 

VGS - linear 108.89 6.88 14.00 130.01 136.65 0.2433 0.289 0.333 0.089 

DWT+VTV Homomorp

h 

56.69 12.55 22.34 55.52 45.77 0.6122 0.542 0.033 0.901 

VGS - exp 41.52 15.29 24.58 44.44 37.90 0.5233 0.689 0.011 0.988 

VGS - linear 44.88 14.51 21.09 46.61 38.89 0.5223 0.698 0.009 0.759 

Image 10 DWT+NL

M 

Homomorp

h 

145.56 2.19 12.11 164.44 162.22 0.0978 0.145 0.428 0.622 

VGS - exp 111.11 5.33 15.12 130.09 141.11 0.1911 0.345 0.441 0.256 

VGS - linear 120.80 2.88 16.18 154.54 158.89 0.2267 0.222 0.333 0.123 

DWT+BM3

D 

Homomorp

h 

160.00 5.66 12.04 150.09 147.71 0.2446 0.178 0.555 0.145 

VGS - exp 100.09 6.39 13.87 144.12 138.29 0.2178 0.254 0.589 0.188 
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VGS - linear 114.45 4.28 14.77 146.39 136.11 0.2210 0.233 0.333 0.086 

DWT+VTV Homomorp

h 

55.89 12.81 23.44 55.99 46.66 0.6133 0.499 0.054 0.877 

VGS - exp 41.22 14.21 21.89 44.89 36.21 0.5445 0.634 0.022 0.989 

VGS - linear 46.67 14.89 22.55 43.88 37.51 0.5278 0.545 0.021 0.711 

Average DWT+NL

M 

 

Homomorp

h 

140.01 3.27 13.01 162.28 156.62 0.0989 0.181 0.441 0.611 

VGS - exp 101.12 6.78 15.19 130.06 142.28 0.1911 0.121 0.411 0.232 

VGS - linear 118.89 3.45 14.59 166.66 161.11 0.2982 0.229 0.378 0.188 

DWT+BM3

D 

Homomorp

h 

151.12 5.54 12.91 151.87 142.29 0.2521 0.178 0.511 0.178 

VGS - exp 103.34 5.11 12.88 141.21 135.00 0.2111 0.226 0.600 0.194 

VGS - linear 114.45 4.89 14.81 143.31 134.56 0.2228 0.238 0.391 0.045 

DWT+VTV Homomorp

h 

52.38 11.18 25.01 52.26 48.87 0.6128 0.500 0.042 0.880 

VGS - exp 39.91 14.34 21.72 41.18 35.01 0.5229 0.628 0.030 0.989 

VGS - linear 41.28 14.89 22.45 42.28 37.92 0.5222 0.527 0.026 0.731 

 

 The structural similarity index is very poor for homomorphic filter than the proposed 

approach for all the filters, especially for NLM, the curve drops down heavily. The correlation 

between the original and the filtered image hold better for NLM with homomorph and the 

proposed method performs better for the filters applied on wavelet decomposed images. The 

Image Enhancement Factor is the best for the proposed method of speckle conversion from 

multiplicative to additive with NLM and BM3D without decomposition.  

 From these plots, it is well understood that the proposed variable gradient summation 

cystolithic approach gives a good competition with the traditional homomorphic filtering and is 

better in terms of most of the performance evaluation metrics. Fig.8 a and b shows the residual 

analysis for the homomorphic filtering and the proposed VGS approach.  

 Residuals are the removed noise content from the noisy image. The residue of the VGS 

approach is more than the homomorphic filtering, indicating more amount of noise is removed 

by VGS. Fig.9 gives the results of the proposed VGS with DWT and VTV approach for the 

second to fifth sample images shown in Fig.5. Table 3 gives the performance comparison result 



 

80 | P a g e  
 

of five different carotid artery images (Fig 5 a-e) with the traditional homomorphic approach 

and the proposed VGS approach.  

 Simulation is performed with NLM, BM3D and VTV denoising methods applied on Discrete 

Wavelet Transformed image. From Table 3, it can be inferred that the proposed Variable 

Gradient Summation applied on the patch based VTV with DWT gives best result in terms of 

MSE, PSNR, SNR, RMSE, MAE, IMGQ and IEF. Feature enhanced speckle reduction tried with 

homomorphic filtering gave best noise degradation in terms of margin sharpness, artificiality, 

contrast and conspicuity [16]. The same approach tried with the proposed multiplicative 

speckle conversion technique gave similar results. 

CONCLUSION 

 Multiplicative speckle noise is the major issue of ultrasound images. The transform domain 

pre-processing and further machine level algorithms like segmentation and classification need 

the image to be an additive component. On converting the multiplicative speckle into additive, 

and denoising, the fine details and edges in the image need to be preserved.  

 In this paper, we have developed a framework to convert the multiplicative speckle noise 

into additive using a Variable Gradient Summation process, which gives better performance 

and is a good competitor to the traditional homomorphic approach, which does the conversion 

by applying logarithm transformation. Mathematical modelling and numerical analysis of both 

the methods are explained and it proves that the proposed VGS approach is more flexible and 

can be practically implemented easily similar to the traditional approaches. Homomorphic 

filtering and VGS approach are applied with some of the available good denoising filters with 

and without wavelet decomposition.  

 The methods are simulated for carotid artery B mode ultrasound images from a local scan 

center. The outcomes indicate that the proposed approach is very near in performance to the 

traditional approach and it even preserves more fine details. Hence the proposed VGS method 

can be used an alternative to the traditional homomorphic method of multiplicative speckle 

conversion and can be used extensively in ultrasound and SAR images which has predominant 

speckle content. 

 Further work will be devoted to applying our framework to denoising methods that treat 

three dimensional images. In the future, we would consider to make the model work for an 

image whose noise model is unknown.  Our objective is to simulate an improvised 

methodology to fully automatically classify and identify the extent of plaque formation in the 

carotid artery. 
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Classification of Carotid Artery Ultrasound Image using Random Forest Algorithm 

S.Latha, S.Dhanalakshmi, R.Kumar 
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Abstract — This paper presents a novel technique to detect the existence of plaque in the carotid 

artery. Carotid artery is responsible for carrying blood to the brain, neck and face.   The 

common carotid artery (CCA) branches into two parts, internal and external. Due to buildup of 

fatty deposits, a plaque is formed in the lumen of the artery which becomes calcified and causes 

an obstruction in the blood flow. This can lead to strokes. The thickness between the Intima and 

Media and identify plaque deposit is studied from Ultrasound images. The images are studied 

and various features are used to classify them using a random forest algorithm. The result of the 

project will yield information about the presence of plaque and whether the diagnosed person is 

suffering from carotid artery disease or not. 

Keywords—carotid stenosis, classification, random forest 

I. Introduction  

A. Carotid Artery Disease 

The carotid artery is a big blood vessels carrying pure blood to the face and the front of the 

brain. It is vulnerable to plaque inflammation, atherosclerosis. These plaques are made up of 

Lipid-Rich Necrotic Core (LRNC), bounded by exhausted even muscular cells and squeaky 

fibrous cap. Decreasing this is a definite indicator of threat for intrinsic or approaching 

neurological ischemic irregularities. Because of artery wall stress, emboli or thrombus could tear 

from plaque and enter the blood flow to the brain. The thrombus becomes attached to the vessel 

wall as the vessel becomes narrower and causes carotid artery stenosis. Carotid artery stenosis 

formation either reduces or limits blood flow to the brain, resulting in Transient Ischemic 

Attacks (TIAs). These are symbols of warning, often trailed by thromboembolic stroke. This 

condition may further increase leading to deterioration of brain function or death. Carotid 

stenosis is categorized as asymptomatic and symptomatic due to atherosclerosis. To select 

appropriate treatment, it is important to accurately identify and classify symptomatic and 

asymptomatic carotid stenosis. 

B. Random Forest Algorithm 

      Medical diagnostic classification can help in the diagnosis of disease and predict results for 

the treatment. There have been many efforts to elevate the efficiency of the classification. We 

chose Voting Method, wherein the classifiers are integrated, to identify a better way to form the 

model. Major polling, based on random forest (RF) algorithm, is the most used method. 
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Random forest classifiers can achieve better accuracy with respect to several classification 

approaches in data classification and minimalize the global classification error rate. 

II. Ultrasound Carotid Artery Imaging 

      To detect thinning of the carotid arteries due to fat deposit, diagnostic examinations can be 

done by the doctor. Imaging can also disclose indication of several minor strokes. If there is less 

blood flow in the artery, it can be considered as carotid stenosis. Ultrasound is a non-invasive 

technique that assesses blood flow in the vessel using reflected sound waves. The ultrasound 

probe over the carotid arteries is placed on the neck. This test tells how much blood flows over 

the artery and how narrowed it is (i.e., 100 %, 80 %, 70 %, etc.).The images showing plaque are 

considered to be abnormal (Fig.1). Additionally, images showing intima-media thickness of 

more than 0.1cm are considered abnormal (Fig.2 ).  

 

        

Fig 1. US Image showing plaque of diameter 0.95cm   Fig 2. US Image showing IMT of 0.12cm 

III. Feature Extraction 

After an image has been segmented into regions of interest, it is very important to represent 

the image and to describe the image in a form suitable for further image processing. It is 

possible to represent a region in two ways. (1) With regard to its external features and (2) with 

regard to its internal features. It makes the data useful to choose a proper representation 

scheme. 

Statistical texture analysis techniques use higher order moments of grayscale histogram to 

describe the texture of regions in an image. The most commonly used method for texture 

analysis is to excerpt different textural characteristics from a co-occurrence matrix of gray level 

(GLCM). The GLCM method is based on using gray image histogram second-order statistics. 

The histogram - based characteristics used in this work are statistics of first order which 

include mean, variance, skewedness and kurtosis. 
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Calculated texture measurements using histograms suffer from the limitation that they do 

not carry any data about the relative position of pixels in relation to each other. Therefore, co-

occurrence matrix based features are used to calculate contrast, energy and entropy.  

IV. Classification 

      Random Forest algorithm is an algorithm that is used commonly in classification and 

regression. The key benefits of random forest is its capability to measure feature importance, 

this allows us to evaluate which feature is the most important in the database and provides it 

more weight so that it can be used as the root node while simulating the model using trees.  

 

Fig 3.  Random Forest Algorithm 

The following algorithm is used to build each tree (Fig.3):  

1. Training dataset is chosen for every tree. 

2. One node is taken into consideration. 

3. Gini impurity is calculated for all the features and the feature with the lowest Gini Impurity is 

considered.  

4. The process of building a node proceeds till it reaches a point where the node cannot be split 

further.  

5. This process goes on till all the datasets have constructed a decision tree. 

6. Prediction error is calculated using the cumulative result obtained from all the trees. 
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     A new sample is sent to the tree for prediction. The training sample tag is assigned in the end 

node in which it ends up. This technique is reiterated throughout the ensemble's trees and the 

mean of all trees is testified as the prediction of random forest. 

     The Random Forest algorithm makes a bootstrapped dataset from the existing dataset and 

starts constructing nodes in the tree using the Gini impurity criterion. The tree formed is 

terminated when there are no divisions possible and has concluded with the final result being 

normal or abnormal. This is repeated with different combinations of bootstrapped datasets and 

trees are formed for each case. The result for each tree is then combined to make a confusion 

matrix. 

Results and Conclusion 

A. Experimental Results 

The graph between balanced error rate and number of trees was obtained (Fig. 4). This graph 

depicts the optimum number of trees that the forest should build to obtain the least balanced 

error rate. For this specific case, that number was found to be 437. 

A confusion matrix, is a tabular description that helps to study and analyse the performance of 

the algorithm. It gives us a detailed summary of how much data in the algorithm has been 

correctly classified normal and abnormal. The confusion matrix obtained for the model is 

shown below (Fig. 5). 

The focus class is set as ‗abnormal‘. The true positives are 38, true negatives are 44, false 

positives are 4 and false negatives are 8. The accuracy is 86.96% and precision is 90.00%. 

 

 

 

 

 

 

 

 

 

 

Fig 4.  Graph between BER and number of trees 

 

 

Fig 5. Confusion Matrix 
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B. Conclusion 

The count of trees grown in the forest stops affecting the result after a certain point. The 

confusion matrix changes if the variable importance is changed. The values obtained from the 

confusion matrix depend on the focus class. The accuracy depends on the variable importance. 

The algorithm could successfully classify 90.00% of the data correctly. 
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Abstract 

In this paper, ECG signal based heart prediction system using Hilbert Vibrating 

Decomposition (HVD) is proposed for continuous cardiac health monitoring applications. This 

proposed work consists of four blocks 1)ECG signal sensing from human body(tx module) 2) 

uploading ECG signal to matlab(rx module) 3) ECG signal analysis 4) SQI and disease 

identification. Wireless ECG system  is built by using AD8232 module and HC-05, electrical 

activity is taken from it and transmit it wireless to the USB to TTL via HC-05 ,all the live signal 

is saved in the form of matfile. In  ECG signal analysis, raw signal is filtered by using HVD and 

it find RR intervals and QRS complex. In SQI it will check whether signal is good or diagnosis 

based on RR interval and QRS complex. if the condition is diagnosis it goes for disease 

identification , if any disease is identified all the data in form matfile is sent as email to doctor. 

The main moto is to design electronic T-shirt for continuous cardiac health monitoring. This 

system has enough potential for assessing biomedical diagnosis system.The same system can be 

implemented using high level thinking using artificial intelligent. 

Keywords – Electrocardiogram(ECG), Hilbert vibrating decomposition(HVD), Signal quality 

index(SQI), Universal serial bus(USB), Transistor transistor logic(TTL). 

1. Introduction: 

The detailed literature survey has been given below: 

mailto:vignanpogu@gmail.com
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Udeit et.al.,[1] porposed a novel signal quality aware Internet of Things (IoT) enabled 

electrocardiogram (ECG) telemetry system for continuous cardiac health monitoring 

application. BranislavVuksanovic and Mustafa Alhamdi [2] proposed a new ECG based  

biometric system to detect arrhythmia by automatically classifying normal and two types of 

abnormal ECG signals. Keshavamurthy and Eshwarappa [3] proposed the survey of different 

techniques of denoising and an identification of person through ECG signal. The denoising 

signal processing techniques evaluated using mean square error and signal to noise ratio. Jian-

Zhi Chen et.al.,[4] described an Electrocardiogram acquisition system comprised of ADS1291, 

MSP430 and CC2541. Patient can use it to acquire ECG signals effectively and simply. Tsair Kao 

et.al [5] proposed morphological method to retrieve ECG data on paper charts using optical 

scanner and computer. The results show that our method can erase the background noise and 

acquire the digital ECG signal from ECG paper charts correctly. Akanksha Agrawal and 

DhanashriH.Gawali [6] proposed different efficient methods of feature extraction based on the 

parameters such as sensitivity, predictivity and accuracy. The prominent methods presented in 

this paper are Pan-Tompkins, Hilbert transform, Histogram approach, Wavelet transform, 

Auto-regression(AR), Independent Component Analysis(ICA), Linear prediction(LP), Adaptive 

threshold. Yiming Miao et al.,[7] proposed Linear Discriminant Analysis (LDA) based on 

Multiple Features (LOMF) algorithm based on ECG mixed feature to solve time-overhead 

problem of big data training. LOMF includes ECG signal preprocessing, sub-block division, and 

block training. Jihong Chai [8] proposed convenient mobile ECG monitoring system solution as 

a solution to mobile ECG Monitoring. The monitoring terminal is designed by using MSP430 to 

achieve ECG signal acquisition, amplification and AID conversion. CC2540 integrating low 

power Bluetooth 4.0 BLE-Stack is also used. RupendraNathMitra et.al.,[9] proposed 

performance evaluation of the system developed for machine aided cardiac disease detection. 

AbdelkaderSellami et al.,[10] proposed a new method to analyze electrocardiogram (ECG) 

signal, extract the features, for the real time human identification using single lead human 

electrocardiogram.  

This paper intends to implement a project which analyze ECG signal and detects whether any 

disease is identified or the condition of the person is normal. 

 It is explained by 4 blocks which are: 

1) ECG signal sensing (TX module) 

2) Uploading ECG signal to Matlab (RX module) 

3) ECG signal analysis 

4) SQI and disease identification 

             

 



 

91 | P a g e  
 

 

    Block 1(Transmission module)                                       Block 2(Receiving module)  

 

                  ECG Leads

 

              

   Block 3(ECG signal analysis)                                       Block 4(SQI and Diseas  Identification) 

 

Fig 1 Block diagram of proposed method 

This is the most pivotal part of the paper, where we analyze the ECG signal in the following 

steps. 

Step 1: Plotting the raw data 

Step 2: removing Baseline Wandering 

Step 3: Signal Preprocessing (DWT) 

Step 4: Peak Detection 
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Step 5: RR Interval 

Step 6: Heart Rate Variability 

Step 7: QRS Complex Detection Using Artificial Intelligence 

                      HVD correlated signal is matching with real time ECG signal and SNR is more in 

HVD compared to DWT in Table 1. 

Table 1 Comparision of wavelet functions 

 

Results 

Based on the BPM and QRS complex peak are required to identify condition of person .For that 

values we have added a sub function classifier to check the values of BPM and QRS duration .if 

the BPM is in between 60-100 and QRS duration is less than 0.1 sec .we can state that condition 

of person is NORMAL and its shown in fig 3 

 

Recorded ECG 

signal number in 

the data 

Amplitude of the  

Baseline wandering 

Correlation(γ) SNR(dB) 

Proposed 

method(HVD) 
DWT 

Proposed 

method 

(HVD) 

DWT 

 

 

          100 

               200        0.976 0.886 21.09  20.73 

               400        0.953   0.867    21.18  20.78 

               600        0.904   0.871    21.41  20.12 

               800        0.879   0.876    22.02  20.17 

              1000        0.871   0.860    22.53  20.97 

 

 

          108 

               200        0.971   0.826   30.32 26.27 

               400        0.951   0.812   29.37 26.06 

               600        0.945   0.841   31.65 27.97 

               800        0.936   0.854   27.87 26.08 

              1000        0.906   0.827   28.01 26.88 

 

 

          121 

               200       0.965   0.787   34.98 30.21 

               400       0.961   0.844   35.23 32.76 

               600       0.954   0.761   33.21 30.20 

               800       0.943   0.778   34.66 30.32 

              1000       0.930   0.825   32.89 30.43 
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Fig 3  shows output of real time ECG signal based heart prediction system 

Heart related diseases we identified which are listed below: 

i. SINUSBRADYCARDIA    

ii.SINUS TACHYCARDIA  

iii.VENTRICULARTACHYCARDIAIDIO 

iv.VENTRICULARRHYTHM 

v.WOLF PARKINSON WHITESYNDROME 

3.5 WOLF PARKINSON WHITE SYNDROME 

Wolf Parkinson white syndrome is a heart rate disease if BPM is greater than 60 and 

and QRS complex is greater than 0.1 sec person may affected to Idio Ventricular 

Rhythm.  

BPM >= 60 && BPM <= 100 && QRS > 0.1 

 
Fig 4 QRS complex peak when person is affected with WOLF PARKINSON WHITE 

SYNDROME 
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For Wolf Parkinson white syndrome disease BPM must be in between 60-100 , which is 

shown in the fig 5 below. 

 

Fig 5 Result of WOLF PARKINSON WHITE SYNDROME 

  Conclusion and Future Work 

Taking care about human life has been known heart disease is been important. ECG is the main 

method of diagnosis of heart disease. Purpose of the proposed work is that analysis of heart 

disease with real time ECG signal. This system is implemented by tiny hardware and  MATLAB 

software and detecting the diseases based on RR intervals and QRS complex.The same system 

can be implemented using artificial intelligence to detect the abnormal conditions of patients 

and also to take necessary actions.  It is light weight ,simple and low cost procedure for the 

diagnosis of various diseases which can be used in further study and education. This paper will 

reduce the workload of the doctors. It would be easier for doctor to verify later. 
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Abstract—  

Speech recognition has become one of the widely used technologies, as it offers great 

opportunity to interact and communicate with automated machines. Specifically, the speech 

recognition facilitates its users and helps them to perform their daily routine tasks, in a more 

convenient and effective way.  

The goal of automatic Speech recognition is to develop techniques and systems that 

enable computers to accept speech input. This paper intends to present the illustration of recent 

technological advancements, which are associated with artificial intelligence.  

The different Statistical models were developed for decoding the speech. Some of the 

models are acoustic model (AM), language model (LM), lexicon model, and hidden Markov 

models (HMM). The research will help in understanding all of these models of speech 

recognition. The Various Speech Recognition techniques are considered for every model. These 

models are analyzed for accurate Speech recognition and it is applied as a Speech recognition 

tool for Vehicle Safety Mechanism. [1] 

 

Representations of Speech Signals: 

The Representations of Speech Signals includes the method of encoding the speech signals 

before it recognized. The Digital representations of Speech signals describe wave form based 

analysis which considers the measurements such as peak and energy, Zero crossing and auto 

correlations. [2] The parametric representation uses cepstral analysis for recognition. The 

compression can be achieved by Vector quantization. 

 

Speech Recognition Techniques: 

The Various techniques used in Speech Recognition are Acoustic Phonetic approach, Pattern 

Recognition approach, Artificial Intelligence approach. In this paper we have considered the AI 

based approach. AI approach is the hybrid of the Acoustic Phonetic approach, Pattern 
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Recognition approach. This approach consists of Knowledge based and Connectionist 

approaches. [3] 

 

Vehicle Safety: 

The Safety of the Vehicle requires continual decision based upon Surveillance of highway and 

surroundings. The discrimination between hazardous and nonhazardous conditions and taking 

action like pattern recognition and speech recognition reveal a considerable success. However 

the inattentiveness, incapacitation and inadequate skill can lead to accidents. So an automatic 

system which is based on Speech recognition which is developed to avoid accidents. [4] 

This System Considerably improves driver‘s safety and user friendliness of Man-Machine 

interfaces. The Quality of driving, Stress and Strain Situations have been considerably studied 

based on this system and the result shows that , with speech input, the feeling of being 

distracted from driving is smaller and the safety has been improved. Here the multimodal 

interface can be selected in the vehicle. When we select the ―Speech input only‖ the interaction 

mode will be changed. The performance of Speech recognized interfaces is very reliable because 

of the Speaker independent recognition model. [5] 

 

Knowledge based approach: 

The Knowledge based design involves the direct and explicit incorporation of expert‘s speech 

knowledge in to a recognized system. This Knowledge is derived from careful study of 

spectrograms with rules and procedures. It is carefully designed around a specific acoustically 

difficult task that recognizes the speech accurately. [6] 
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ABSTRACT 
In the past few years, there have been several accidents of children falling into 

abandoned bore wells in India. Abandoned bore wells that have turned into death pits for 

children. The problem is all over India. Rescue teams spend hours and sometimes days in futile 

attempts to save these little kids. A lot of money is also spent in these missions. In most cases 

they are unable to save the kids. Such events have happened umpteen times in the past, and 

every time either the government or the bureaucracy is blamed. The rescue process to save the 

child from bore well is a long and complicated process now. The rescue team tries to approach 

the victim from a parallel well that take about 20 - 60 hours to dig. This complicated process 

makes 70% of the rescue operations fail. The design of handling system is made in such a way 

that the baby/victim never gets hurt and this rescue system is sent through the same well 

where the victim is felt inside to bring back the victim safe through an autonomous control of 

drives. Our design constitutes a best ergonomic design and performs safest rescue operation 

 
MAJOR COMPONENTS 

1. Bearing 

2. Shaft 

3. D.C motor 

4. Battery 

5. Spur gear 

6. Lead screw 

7. Frame 

8. Rope 

9. Gripper 

10. Zigbee 

11.  Camera 
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WORKING PRINCIPLE 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

The rescue system arrangement is placed near the bore well where the victim is felt 

inside and it is verified that the gripper is properly inserted into the bore well without any 

distractions.  Initially the DC motor for powering the winch drum is turned on to rotate counter 

clock wise, thus the rope wounded on the drum get released with respect to the rotation 

experienced on the drum.   The victim image captured by camera .The image was transformed 

by using Zigbee to the System. By using interpretation techniques width of the victim image 

captured. The AI techniques used to calculate and control the exact space between the arms. 

 The extension of rope causes the gripper which is tied with it to travel inside the bore 

well due to the gravitational force, thus the gripper arrangement reaches victim. At that position 

the winch drum motor gets turned off and the motor to power the gripper is turned on to rotate 

clock wise thus the victim get gripped by the gripper and once the victim get held tightly the 
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gripper motor is stopped and again the winch drum motor is activated in clock wise direction. 

This causes the rope to wound on the winch drum and makes the gripper with victim to move 

up.  

ADVANTAGES 

1. The system is controlled by simple switch activation and even complete automation can 

also be in build to this system for the future advancement  

2. Even a less skilled operators can handle and use this system to rescue the victim 

3. Less maintenance, very cheap  

4. The bore well rescue system is highly safe for the victim who have been carried for rescue 

 

CONCLUSION 

Human life is precious. Our smart bore well child recue system is a significant attempt 

to save the life of the victim of bore well accidents. In the current design of bore well child saver 

machine is has been made to suit every possible situation may occur in rescuing operation. We 

like to conclude with the help our project, We can able to rescue without any damage. 
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