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20BM507 BIOMEDICAL INSTRUMENTATION LABORATORY 
L T P C 

0 0 2 1 

Nature  
of 
Course 

Professional core 

Prerequisites Biomedical  Instrumentation 

COURSE OBJECTIVES:  

The student should be made to 

 To study and design Bio amplifiers  

 To provide hands on training on Measurement of physiological parameters 

Course Outcomes  

On successful completion of the course, students will be able to 

 Design preamplifiers and amplifiers for various bio signal recordings. 

 Design filter to remove artifact from various bio signal recordings. 

 Measure various non-electrical parameters using suitable sensors/transducers 

 Record Pulse Rate and respiration rate  

 Design PCB layout   for any bio amplifier. 

CYCLE-1 

 

S.No. Course Content CO 
Bloom's

Level 

1 
Study of Biosignal Data Acquisition system and exploring 
Multiplexer and Demultiplexer for multichannel system 

CO 1 Understand 

2 
Design of pre-amplifiers to acquire bio signals along with 
impedance matching circuit using suitable IC’s 

CO 1 Apply 

3 
Design of ECG Amplifiers with appropriate filter to remove 
power line and other artifacts. 

CO 2 Apply 

4  Design of EMG amplifier CO 2 Apply 

5 
Design a suitable circuit to detect QRS complex and measure 
heart rate 

CO 3 Analyzing 

6 Design of EOG amplifier to detect eye blink CO 3 Analyzing 

7 Design and study the characteristics of optical Isolation amplifier CO3 Apply 

 
CYCLE - 2  

S.No. Course Content CO 
Bloom's

Level 

1 Measurement of pulse-rate using Photo transducer. CO 3 Understanding 

2 Measurement of pH and conductivity. CO 4 Understanding 

3 Measurement of blood pressure using sphygmomanometer CO 4 Understanding 

4 Measurement and recording of peripheral blood flow CO 4 Understanding 

5 
 Design a PCB layout for any bio amplifier using suitable 
software tool 

CO 5 Analyzing 
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Mapping of Course Outcomes (COs) with Program Outcomes (POs) Program Specific 

Outcomes(PSO) 

 
COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2  

1 3 3 3 2 1      1  3 1  

2 3 3 3 2 2      1  3 1  

3 3 3 3 2 2      1  3 1  

4 3 3 3 2 1      1  3 1  

5 3 3 3 2 1      1  3 1  

 3 High 2 Medium 1 Low  

 

 

 

 

 

 

 

 

 

  

Assessment based on Continuous and Final Examination 

 

 
Bloom’s Level 

Continuous Assessment (60 marks) 

(Attendance – 5 marks) 
Final 

Examination 

[40 marks] 

Rubric based 
Continuous 
Assessment 
 [30 marks] 

Model 

Examination 

[25 marks] 

Remember    
Understand 30 30 30 

Apply 30 30 30 

Analyze 40 40 40 

Evaluate    
Create    



Page 98 of 173 

B.E Biomedical Engineering(R-2020) 
  

Passed in Board of studies Meeting       Approved in Academic Council Meeting   

 
20BM508 

 
BIOSIGNAL PROCESSING LABORATORY 

L T P C 

0 0 2 1 

Nature of course Professional Core 
Pre requisites Signals and Systems 

 

Course Outcomes 

On successful completion of the course, students will be able to 
1. Perform basic signal processing operations using Open-Source Software or MATLAB 
2. Perform convolution, DFT and FFT operations using Open-Source Software 

MATLAB 
3. Design FIR and IIR filter for the specification derived from the given problem 

and simulate the frequency response. 
4. Perform event detection in EEG and ECG signals 
5. Apply PCA and ICA algorithm in the given biomedical signal 

 
CYCLE-1 

 

S.No. Course Content CO 
Bloom's 

Level 

 
1 

Generation of impulse, sinusoidal, saw tooth, square and 

exponential signals 
CO 1 Understand 

 
2 

 
Perform the operations of Linear and Circular convolutions 

CO 2 Understand 

3 Implement DFT and FFT algorithms for the given signal CO 2 Apply 

4 Design of IIR Butterworth filter using bilinear transformation 

method 
CO 3 Analyzing 

5 Design of Chebyshev IIR filter using one to one mapping 

method 
CO 3 Analyzing 

 
CYCLE-2 

 

S.No. Course Content CO 
Bloom's 

Level 

1 Design of FIR filter using Hamming window CO 3 Analyzing 

2 Detection of the dicrotic notch in the carotid pulse signal CO 4 Apply 

3 Design and Implement the Pan–Tompkins method for QRS 

detection 
CO 4 Analyzing 

4 Design of cross-correlation for EEG spike and Wave detection 

using template matching 
CO 4 Analyzing 

5 Separation of Mixtures of Signals using PCA and ICA CO 5 Analyzing 
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Mapping of Course Outcomes (COs) with Program Outcomes (POs) Program Specific 

Outcomes (PSO) 

 

 
COs 

POs PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

1 3 3 3 
 

3 
       

3 3 
 

2 3 3 3 
 

3 
       

3 3 
 

3 3 3 3 
 

3 
       

3 3 
 

4 3 3 3 
 

3 
       

3 3 
 

5 3 3 3 
 

3 
       

3 3 
 

 3 High 2 Medium 1 Low  

 
 
 
 

 

Assessment based on Continuous and Final Examination 

 
 

 
Bloom’s Level 

Continuous Assessment (50 marks) 

(Attendance – 5 marks) 
 

Final 
Examination 

[50 marks] 
Rubric based 

Continuous 

Assessment 
[25 marks] 

Model 
Examination 

[25 marks] 

Remember    
Understand 30 30 30 
Apply 30 30 30 
Analyze 40 40 40 
Evaluate    
Create    
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VI Semester 

 
20BM601 

 
MEDICAL REGULATORY AFFAIRS AND ETHICS 

L T P C 

3 0 0 3 

Nature of course Professional Core 
Pre requisites Basics of Biomedical Engineering 

 Course Objectives 

 
 
 
 
 
 
 

 

 
Course Outcomes 

On successful completion of the course, students will be able to 

 
 
 
 
 
 
 
 
 
 
 
 

Bloom's 

Level 

CO 1 Understand Medical Devices Regulatory Affairs and MDRA Basics Understand 

Apply 

Analyze 

Understand 

Understand 
Course Contents 

Unit – I Introduction to Regulatory Affairs for Medical Devices 9 

Medical Devices Regulatory Affairs - MDRA Basic concepts - Overview of Regulatory 

Requirements: Medical Devices - Taxonomy of medical devices and their risk classes - The 

regulatory process Regulatory Affairs Pre-Clinical Trial-Clinical Trial-Regulatory Bodies in India 

Central Drug Regulatory System-Drug & Cosmetics Act-Medical Device Registration in India 

Product Development Protocol-Environmental Protection Act 
Unit – II Medical Device and in Vitro Diagnostics 9 

IEC 60601-1 Classification of Medical Electrical Equipment- FDA / CDRH Functioning - 
Medical Device Classification -Types of devices including combination devices and Drug Vs device 

Vs IVD, Medical Device Rules, 2017: Implications on medical devices, Devices / Device Panels / 
Regulation Product Codes. 21 CFR Code for Federal Regulations- Parts 800-1299. 
Unit – III    Standards of Medical Device, Quality Assurance, and Testing 9 

Biocompatibility Studies on Medical Devices, Clinical Investigation of Medical Devices - Quality 

Assurance and Quality Management System: ISO9000 and ISO13485 - Risk management: 
ISO14971- Distinct Product Code Identification Procedure- Total Product Life Cycle (TPCL) / TPCL 

Product Code Report - Labeling of medical devices-ISO 13485:2016 complaint handling procedure 

Unit – IV    Manufacture of Medical Devices and IVDs 9 

General controls and Special Controls-Pre-market approval – PMA-Adulteration- 
Misbranding-Electronic Establishment Registration-Obtaining a license to manufacture a medical 
device- Risk Management System for medical devices (ISO 14971) - Inspection of medical device 

and IVD establishments, Import and export of medical devices and IVDs, Medical device regulation: 
in India and International practices 

1. To become Professionals in Regulatory affairs and in ensuring all Medical Devices to comply with 

regulations governing the industry. 

2. As Regulatory professionals in industry and get involved with a wide range of medical devices made 

in various countries 
3. Know Regulatory processes in complexity, scope and globalization within the healthcare domain, 

matching industry demand for Medical Devices regulatory affairs 
4. Familiarity with Regulatory Affairs provides with the specialized knowledge required to help 

biotechnology, medical device, pharmaceutical and food companies manage regulatory processes. 
5. Understand Legal Law within medical practice including ethics in patient care 

CO. No Course Outcome 

CO 2 Apply FDA / CDRH Functioning to Medical Device and invitro 

diagnostics 

CO 3 To perform biocompatibility Studies on Medical Devices and Clinical 
Investigation of Medical Devices 

CO 4 Understand General controls and Special Controls including Pre- 
market approval 

CO 5 To know Law within medical practice and its issues in doctor– patient 
relationship 
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Text Books 

1. Jack Wong, Raymond Tong “Medical Regulatory Affairs: An International Handbook for 
Medical Devices and Healthcare Products”Jenny Stanford Publishing,2022 

2. Anna Smajdor, Jonathan Herring, Robert Wheeler “Oxford Handbook of Medical Ethics 

and Law” OUP Oxford ,2022 
Reference Books 

1. Douglas J. Pisano, David Mantus “FDA Regulatory Affairs- A Guide for Prescription Drugs, 
Medical Devices, and Biologics” Informa Healthcare,2003 

2. Stephen Amato,Bob Ezzell “Regulatory Affairs for Biomaterials and Medical 
Devices”Woodhead Publishing,2014 

3. John Harris,” The Value of Life- An Introduction to Medical Ethics” Routledge,1990 
Additional / Web References 

1. https://www.biomedicalviews.com/ 
2. https://www.biomedicalviews.com/search/label/ISO%2013485%3A2016 

 
 

 
 
 

Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

 
COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 2 2 2          2  

CO2 3 2 2 2          2  

CO3 3 3 2 2          3  

CO4 3 3 2 2          3  

CO5 3 3 2 2          3  

 3 High 2 Medium 1 Low  

 
 

Formative assessment 

Bloom’s Level Assessment Component Marks 
Total 
marks 

Analyze Classroom or Online Quiz 5  
15 

Understand Assignment 10 

Unit – V Medical Ethics 9 

Introduction to ethics - Law within medical practice- Issues in the doctor– patient 
relationship- Ethico- legal issues by medical specialism- Statutory provisions - Regulation of human 

tissue- The definition of mental disorder under the Mental Health Act 

Total: 45 Periods 
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Summative Assessment 

 
 

Bloom’s Category 

Continuous Assessment Tests  

Terminal Examination (60) IAE-1 

(7.5) 
IAE-2 

(7.5) 
IAE-3 

(10) 

Remember 5 5 5 10 
Understand 5 5 5 20 

Apply 20 20 20 30 

Analyze 20 20 20 40 

Evaluate 0 0 0 0 

Create 0 0 0 0 
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Course Objectives 

1. Understand the properties of the Bio-compatible materials 
2. Expose to different types of Biomaterials 
3. Study polymeric materials and its role in tissue replacements 
4. Estimate artificial organs and its constraints 
5. Ability to design artificial organs and its practical considerations 
Course Outcomes 

On successful completion of the course, students will be able to 
Bloom's 

Level 

Understand 

CO 2 To justify different metals and ceramics usage based on different 
application. 
To decide polymeric materials and its distinctive combinations that could 

be used as a tissue replacement implants 
To apply the knowledge in artificial organ using these materials 
To comprehend the knowledge about the need for artificial organs with 

its desired design consideration, organ replacement and steps required 

to evaluate the device. 

Analyze 

CO 3 

CO 4 

Analyze 

Analyze 

CO 5 Understand 

 
20BM602 

 
BIOMATERIALS AND ARTIFICIAL ORGANS 

L T P C 

3 0 0 3 

Nature of course Professional Core 
Pre requisites Basics of Biomedical Engineering 

 
 
 
 
 
 
 
 
 

CO. No Course Outcome 

CO 1 To understand and classify biomaterials based on their characteristic’s 

property. 
 
 
 
 
 
 
 
 
 
 
 

Course Contents 

Unit – I Structure of Biomaterials and Biocompatibility 9 

Definition and classification of biomaterials, mechanical properties, surface and bulk properties of 
biomaterials, viscoelasticity, wound-healing process, body response to implants, blood compatibility. 

Unit – II Metal and Ceramic Materials 9 

Metallic implant materials, stainless steels, co-based alloys, Ti-based alloys, ceramic implant 
materials, aluminum oxides, hydroxyapatite glass ceramics carbons, medical applications. 

Unit – III   Polymeric Implant Materials 9 

Polymerization, polyolefin, polyamicles, Acrylic, polymers, rubbers, high strength thermoplastics, 
natural and synthetic polymer, medical applications 

Unit – IV   Tissue Replacement Implants 9 

Soft-tissue replacements, sutures, surgical tapes, adhesive, percutaneous and skin implants, 
maxillofacial augmentation, blood interfacing implants, hard tissue replacement implants, internal 
fracture fixation devices, joint replacements. 

Unit – V Design of Artificial Organs 9 

Substitutive medicine, Biomaterial Concentration, Outlook for Organ Replacement, Design 

Consideration, Evaluation of Artificial Organs 

Total: 45 Periods 
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Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

 
COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 2 2 2          2  

CO2 3 2 2 2          2  

CO3 3 3 2 2          3  

CO4 3 3 2 2          3  

CO5 3 3 2 2          3  

 3 High 2 Medium 1 Low  

 
 

Formative assessment 

Bloom’s Level Assessment Component Marks 
Total 
marks 

Analyze Classroom or Online Quiz 5  
20 

Understand Assignment 15 
 

 

Summative Assessment 

 

 
Bloom’s Category 

Continuous Assessment Tests  

Terminal Examination (60) IAE-1 

(7.5) 
IAE-2 

(7.5) 
IAE-3 

(10) 

Remember 5 5 5 10 
Understand 5 5 5 20 

Apply 20 20 20 30 

Analyze 20 20 20 40 

Evaluate 0 0 0 0 

Create 0 0 0 0 

Text Books 

1. Park, Biomaterials: An Introduction, Springer Science & Business Media, 2012 
2. Michael Lysaght, Thomas J Webster, Biomaterials for Artificial Organs, Elsevier Science, 
2018 

Reference Books 

1. Sujata V. Bhatt, Biomaterials Second Edition, Narosa Publishing House, 2005 
2. Standard Handbook of Biomedical Engineering & Design – Myer Kutz, McGraw-Hill, 2003 
3. Introduction to Biomedical Engineering – John Enderle, Joseph D. Bronzino, Susan M. 

Blanchard, Elsevier, 200 
 
Additional / Web References 
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Unit – III Biomechanics of Skeletal Joints 9 

Unit –IV Biomechanics for Biofluids 9 

Mechanical properties of blood vessels – arteries, arterioles, capillaries, veins, physics 

of cardio vascular diseases, prosthetic heart valves and replacement. Fluids – density – pressure 

– blood pressure and gravity – buoyancy – moments of force and stability  - Rheological 
properties of blood, laminar flow, Couette flow and Hagen-poiseuille equation, turbulent flow. 
Unit – V Advances in Biomechanics 9 

Human locomotion, gait analysis and goniometry, Ergonomics, Foot Pressure measurements – 

Pedobarographic, Force platform, mechanics of foot. Sports Medicine -Finite element analysis of 
Spine - Total Hip Prosthesis: requirements, different types of components, Stress analysis & 

instrumentation, Knee Prosthesis 

Skeletal joints, basic considerations, basic assumption and limitations, forces and 

stresses in human joints, mechanics of the elbow, shoulder, spinal column, hip, knee and ankle. 
Human locomotion, gait analysis and goniometry, Ergonomics, Foot Pressure measurements – 

Pedobarographic, Force platform, mechanics of foot. 

Introduction to stress, strain, and constitutive laws of cells and tissues- skeletal muscles. 
Emphasis on biosolids as Soft-tissues- Introduction to elastic and viscoelastic behaviors - standard 

linear model of viscoelasticity. Characteristics of Hard tissue - bone, fracture mechanism and crack 

propagation in bones, fracture fixators. Pseudo elasticity, nonlinear stress-strain relationship, 
viscoelasticity, structure, function and mechanical properties of skin, ligaments and tendons. 

 
20BM603 

 
BIOMECHANICS 

L T P C 

3 0 0 3 

Nature of course Professional Core 
Pre requisites Biocontrol System, Human Body Skeletal and Physiological System 
Course Objectives 

1. Understand interrelationships among kinematics and kinetics variables of human movement 
2. Know the effects of the force–velocity, length–tension relationships on tissue function 
3. Identify factors influencing the relative mobility and stability of Skeletal Joints articulations 
4. Explain the ways in which composition and flow characteristics of a fluid affect forces. 
5. Study human locomotion’s with finite element analysis for Spine and hip prosthesis 

Course Outcomes 

On successful completion of the course, students will be able to 

CO. No Course Outcome 
Bloom's 

Level 

Understand 

CO 2 Describe tissue injury in bone and cartilage using principle of mechanics Apply 

CO 3 
Derive the criteria for orthopedic implant design using complex 
mechanics of skeletal joints 

CO 4 
Identify the viscoelastic properties of blood and analyze Newtonian and 
non-Newtonian fluids 

CO 5 
Analyze the stresses and strains in spine and hip using different 
loading conditions involved in human locomotion for sports medicine 

Course Contents 

 
Apply 

Apply 

Analyze 

Unit – I   Fundamentals of Biomechanics 9 

Introduction to statics and dynamics-Kinetics, Kinematics, kinesiology – rigid and non-rigid bodies 

– Forces and motion – Newtons laws – Moment of force – inertia, friction, work, and energy. 
Static equilibrium – Centre of gravity – Stability of equilibrium - Steps in analyzing a 

biomechanical problem – Basics of Linear and Angular kinematics, Kinetics of human movement - 
Graphical methods – contact forces – resolution of forces. 
Unit – II  Biomechanics from subcellular to tissue levels 9 

CO 1 Illustrate the ways in which the kinetic and kinematics quantities can be 

applied to study human movement 
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Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

 
COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 2 2 2          2  

CO2 3 2 2 2          2  

CO3 3 3 2 2          3  

CO4 3 3 2 2          3  

CO5 3 3 2 2          3  

 3 High 2 Medium 1 Low  

 

 

Formative assessment 

Bloom’s Level Assessment Component Marks 
Total 
marks 

Analyze Classroom or Online Quiz 5  
20 

Understand Assignment 15 

 

Summative Assessment 

 

 
Bloom’s Category 

Continuous Assessment Tests  

Terminal Examination (60) IAE-1 

(7.5) 
IAE-2 

(7.5) 
IAE-3 

(10) 

Remember 5 5 5 10 
Understand 5 5 5 20 

Apply 20 20 20 30 

Analyze 20 20 20 40 

Evaluate 0 0 0 0 

Create 0 0 0 0 

Total: 45 Periods 

Text Books 

1. Susan J Hall, “Basic Biomechanics”, 8th Edition, 2019, Mc Graw Hill, USA 
2. Y C Fung, “Biomechanics – Mechanical Properties of Living Tissue” 2nd Edition, 1993, 

Reprinted in 2016, Springer, USA 
Reference Books 

1. Frank Bell, Principles of Mechanics and Biomechanics, Stanley Thorne (Publishers) Ltd., 
1998 

2. Donald R. Peterson and Joseph D. Bronzino, Biomechanics Principles and applications, 
CRC press, Taylor & Francis Group, LLC, 2008 

3. Duane Knudson, Fundamentals of Biomechanics, Second Edition, Springer publication, 
2007 

4. Cynthia Norkins, “Joint Structure and Function: A Comprehensive Analysis”, 2019, 6th 

Edition, F. A. Davis Company, USA 
Additional / Web References 
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Course Outcomes 

On successful completion of the course, students will be able to 

Course Outcome 
Bloom's

 
Level 

Ability to correlate multiple parameters by displaying and centralizing Understanding 

clinical information from patients 
Apply Diagnostic ultrasound concepts in obtaining images of entire 

CO 2 
Apply 

CO 3 

range of internal organs including cardiac and abdomen applications 

Illustrate cardiac pacemaker and defibrillator device principles in 

recovering normal heart functions 
Relate the concept of surgical diathermy, physiotherapy and electrical 
simulation procedure as therapeutic applications 
Explain  Hemodialyzer,  Heart-Lung  machine  and  Ventilators  as 
assistive technology based modern hospital equipment 

Apply 

CO 4 
Analyzing 

CO 5 
Understanding 

CO 1 

CO. No 

 
20BM604 

 
DIAGNOSTIC AND THERAPEUTIC EQUIPMENT’S 

L T P C 

3 0 2 4 

Nature of course Professional Core 
Pre requisites Biomedical Instrumentation 

 
 
 
 
 
 
 
 
 

 

 

Course Contents 

Unit – I   Patient Monitoring Systems 9 

Single Channel to Multichannel System Concepts - Cardiac Monitor-Bedside Patient 
Monitoring Systems - Central Monitors for ICU - Foetal Monitoring Instruments-Measurement of 
Heart Rate, Temperature and Respiration Rate-Catheterization Laboratory Instrumentation - 
Exercise Stress Testing [TMT machine] -Ambulatory Monitoring Instruments –Biotelemetry 

Systems 
Unit – II  Ultrasonic Imaging Systems 9 

Diagnostic Ultrasound -Physics and Biological effects of Ultrasonic Waves in tissues- 
Basic Pulse-Echo techniques – U/s Scanners Imaging Modes - Real-Time Ultrasonic Imaging 

Systems -Different Probes - Mechanical Sector -Multi-Element Linear Array rectangular – 

Curvilinear-Duplex Scanner- Modern Ultrasound Imaging Systems-Beam Steering concepts and 

Digital scan converters- Portable Ultrasound Systems - 3D/4D Color Doppler Ultrasound Imaging 

Systems for Cardiac, Abdomen and Gynecology applications 
Unit – III  Cardiac Pacemakers and Defibrillators 9 

Cardiac Pacemakers - Need for Cardiac Pacemaker - External Pacemakers -Implantable 

Pacemakers - Recent Developments in Implantable Pacemakers - Pacing System Analyzer. 
Cardiac Defibrillators- Need for a Defibrillator - DC Defibrillator- Implantable Defibrillators - Pacer- 
Cardioverter Defibrillator - Defibrillator Analyzers- Left Ventricular Assist Device (LVAD) 

Surgical Diathermy, Physiotherapy and Electrotherapy 

Equipment 
9
 

Instruments for Surgery- Principle of Surgical Diathermy- Surgical Diathermy Machine- 
Safety Aspects in Electrosurgical Units - Surgical Diathermy Analyzers. Physiotherapy Equipment- 

Course Objectives 

The course is intended to 
1. Understand Patient Monitoring system for vital information in improving patient care 
2. Explore ultrasound scanning machine for Cardiac, Abdomen and Gynecology applications 
3. Develop cardiac pacemaker and defibrillator for synchronization of the heart action 
4. Explain Surgical Diathermy, Physiotherapy and Electrotherapy Equipment 
5. Identify the role of advanced hospital equipment’s like Hemodialyzer, Heart-Lung 

Machine and Ventilators with anesthesia features 

Unit –IV 
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Text Books 

1. R S Khandpur,“Handbook of Biomedical Instrumentation” McGraw-Hill Education ,India 
,3rd edition (2014) 

Reference Books 

Additional / Web References 

1. Myer Kutz, “Standard Handbook of Biomedical Engineering and Design” McGraw Hill, 
2003. 

2. L.A Geddes and L.E.Baker, “Principles of Applied Biomedical Instrumentation”, 3rd 

Edition, 2008 
3. Leslie Cromwell, “Biomedical Instrumentation and Measurement”, Pearson Education, 

New Delhi, 2007. 
4. Antony Y.K.Chan, “Biomedical Device Technology, Principles and design”, Charles 

Thomas Publisher Ltd, Illinois, USA, 2008 

Laboratory Tasks and components 

 
List of Experiments 

CO 
Mapping 

Revised 

Blooms 

Taxonomy 

CYCLE 1 

1. 

2. 

Measurement of various physiological signals using 

Biotelemetry 
Recording of ECG EMG and EEG signal 
Perform Electrical safety measurements for medical 
devices 
Measurement of visually evoked potential and Galvanic 

skin resistance (GSR) measurement 

CO 1 

CO 1 

CO 2 

Understanding 

Understanding 

Applying 

4. CO 2 Applying 

5. 

CYCLE 2 

Demonstrate, working of Pacemaker simulator 
Defibrillator 

and CO 3 Understanding 

Measurement of Respiratory parameters using 
Pulmonary Function Tester CO 3 

7. Demonstrate of Ultrasonic diathermy for therapy CO 4 
8. Study of Shortwave diathermy for pain relief CO 4 
9. Study of Heart lung machine model CO 5 
10. Study of Ventilators as Assistive Device CO 5 

Applying 

Applying 

Understanding 

Understanding 

Understanding 
Total: 30 Periods 

6. 

3. 

 
S.No 

 
 

 
 

Unit – V Advanced Medical Equipment’s 9 

Hemodialyzer as Artificial Kidney-Dialyzers-Membranes for Hemodialysis Machine- 
Electronic Controls and home (Portable) Kidney Machines. Heart Lung Machine-Uses and Need 

for heart surgery –Technical Controls and key design steps. Ventilators-Mechanics of Respiration- 
Artificial Ventilation by Ventilators-Types of Ventilators -Modern Ventilators with Humidifiers, 
Nebulizers and Aspirators - Need for Anesthesia - Anesthesia Machine-Capnography basics 

Total: 45 Periods 

High Frequency Heat Therapy - Short-Wave therapy -Microwave and Ultrasonic Therapy. 
Electrotherapy Equipment for Pain Relief – Functional Electric Stimulation [FES] and TENS 
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Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 

Outcomes (PSOs) 

 
COs 

POs PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO 1 3 2 2 2          3  

CO 2 3 2 2 2          3  

CO 3 3 3 2 2          3  

CO 4 3 3 2 2          3  

CO 5 3 3 2 2          3  

 3 High 2 Medium 1 Low  

 Formative assessment 

 
Bloom’s 

Level 

 
Assessment Component 

 
Marks 

Total marks 

 Remember Online Quiz 5  

25  Understand Practical Class / Assignment 15 
  Attendance 5 

 
 

Summative Assessment 

 
 

Bloom’s 

Level 

Continuous Assessment  
Final 

Examination 
(Theory) 

(50) 

Theory Practical’s 

 
IAE – 1 (7.5) 

 
IAE – 2 (7.5) 

 
IAE – 3 (10) Attendance 

(5) 

Rubric 

based CIA 

(50) 

Remember 10 10 10  10 10 

Understand 30 30 30  20 40 

Apply 20 20 20  20 40 

Analyze 0 0 0  0 10 

Evaluate       

Create       
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VII SEMESTER 

 

20BM701 HOSPITAL MANAGEMENT 
L T P C 

3 0 0 3 

Nature of Course Humanities and Social Sciences 

Pre requisites Code of conduct for Engineers 
Course Objectives 

The course is intended to 
1. Explain the principles of Hospital administration and Identify Information management systems and its uses. 
2. Learn service design and service thinking in healthcare 
3. Understand safety procedures followed in hospitals 

 
Course Outcomes 

On successful completion of the course, students will be able to 

CO. No. Course Outcome 
Bloom's 

Level 

CO1 
Explain the basic planning and organization of hospitals using guiding 
principles Understand 

CO2 
Explore the roles and responsibilities in Hospital Administration, Human 

 Resource management and finance Management with organizational      
hierarchy 

Apply 

CO3 
Identify and explain the role of medical and support services used for 
proper functioning of the hospitals Apply 

CO4 
Classify administrative services functional organization and engineering 
services of a hospital Understand 

CO5 
Identify and explain the key elements of security and safety management 
in Hospitals Apply 

Course Contents: 
UNIT I HOSPITAL PLANNING AND DESIGN                  9 
The role of hospitals in Healthcare – Hospital Planning and Design – Guiding principles in 
planning -Regionalization of hospital services – Hospital Planning Team – Zonal Distribution and interrelationship 
of Departments – Gross space requirements – Climatic consideration in design –Preparation of Functional brief –
Equipping a Hospital – Construction and commissioning  
UNIT II MANAGEMENT AND FINANCIAL MANAGEMENT      9 
Principles of Management – Roles and functions of Hospital Administration – Skills of effective Managers –
Characteristics of Effective Managers - Planning – Criteria for Effective Planning - Decision Making – Strategic 
Planning - The organizational chart – Financial planning – Cause of rise in hospital expenditure - revenue centres 
and cost centres - Hospital budgets  
UNIT III MEDICAL AND SUPPORTIVE SERVICES       9 
Outpatient services – Definition, Planning of outpatient services – Planning considerations, ancillary services –
Policies and Procedures - Clinical Laboratory services – Functional divisions and Functional planning – Policies 
and Procedures – Quality controls – Operational theatre suite – Facilities in the OT – Zoning – Functional 
interrelationships of rooms - Policies and Procedures – Intensive care units – Types of ICU – Planning and 
Organization - Pharmacy – Central Sterile Supply Department (CSSD) – Functions of CSSD – Policies and 
procedures – Autoclaving 
UNIT IV HOSPITAL FACILITY AND FUNCTIONAL SERVICES     9 
Medical Records – Hospital Infections – Materials management – Process- Purchasing –Inventory – Issue and 
Distribution – Disposal and Contamination – Hospital Linen and Laundry Services – Linen classification and 
requirement of equipment - Disposal of Hospital Waste – Type and Classifications of Waste – Color coding of 
containers – Treatment technology – Engineering departments – Electrical system- Air conditioning system- Water 
supply and Sanitary system- Centralized medical gas system 
Unit V HOSPITAL SAFETY AND SECURITY        9 
Safety in hospital – Security and loss prevention programme – Fire safety - Alarm System-Disaster management 
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Total: 45 Periods 
 
Text Books: 
1. B.M. Sakharkar, “Principles of hospital administration and planning”, Jaypee Brothers Medical 
Publishers Pvt Limited, 2nd edition, 2009. 
2. G.D.Kunders, “Hospitals – Facilities Planning and Management – TMH, New Delhi – Fifth 
Reprint 2007 
Reference Books 
1. Dinesh Bhatia, Prabhat Kumar Chaudhari, Bhupinder Chaudhary, Sushman Sharma, Kunaal 
Dhingra “A Guide to Hospital Administration and Planning”-Springer (2023). 
2. R.C.Goyal, “Hospital Administration and Human Resource Management”, PHI – Fourth Edition, 
2006 
Additional / Web References 
1. https://www.youtube.com/watch?v=ZZS8-ySBNFM, “Organisation and Management of 
Hospital”, Prof. S.B.Aroara, Professor, School of Health Sciences, Indira Gandhi National Open 
University (IGNOU), Maidan Garhi, New Delhi 
2. http://www.nptelvideos.in/2012/11/human-resource-management-i.html, “Lecture Series on 
Human Resource Management-I”, Prof. KalyanChakravarti, Vinod Gupta School of 
Management, IIT Kharagpur 

  
Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

 
COs 

POs PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3     2 1 2 1    2   
CO2 3     2 1 2 1 2   2   

CO3 3     2 1 2 1    2   

CO4 2     2 1 2 1    1   

CO5 3     2 1 2 1 2   2   
 3 High 2 Medium 1 Low  

 

Formative assessment 

Bloom’s 
Level 

Assessment Component Marks 
Total 

marks 

Remember Online Quiz 5 

15 Understand Tutorial Class / Assignment 5 
 Attendance 5 
 

Summative Assessment 

Bloom’s Category Continuous Assessment Tests Final Examination 
(60) IAE-1 

(7.5) 
IAE-2 
(7.5) 

IAE-3 
(10) 

Remember 10 10 10 20 
Understand 10 10 10 20 
Apply 30 30 30 60 
Analyze     

Evaluate     

Create     
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20BM702 MEDICAL IMAGE PROCESSING 
L T P C 

3 0 0 3 

Nature of Course Professional Core 
Pre requisites Biosignal Processing 
Course Objectives 

The course is intended to 
1. Students will understand the fundamentals of image analysis and different Image formats 
2. Explore morphology techniques for binary images 
3. Explain Binary Large Object extraction and classification for cytometer images 
4. Illustrate color images and its classification for a head CT image 
5. Investigate Geometric Transformation, Image Registration and path tracing for medical images 

Course Outcomes 

On successful completion of the course, students will be able to 

CO. No. Course Outcome 
Bloom's 

Level 

CO1 
 Understand the fundamentals of image analysis and different Image 
formats Understand 

CO2 Apply morphology techniques for binary images Apply 

CO3 
Explore Binary Large Object extraction and classification for cytometer 
images Apply 

CO4 
 Demonstrate color images and its classification for a head CT image 

 Analyze 

CO5 
 Illustrate Geometric Transformation, Image Registration and path tracing 
for medical images Analyze 

Course Contents: 
UNIT I FUNDAMENTALS OF IMAGE PROCESSING                9 
Introduction of Image Processing-General Frame work-Digital Images-Image Coordinate Systems-The Region-
of-Interest (ROI)- Binary Images-Label Images-Multi-spectral Images-16-Bit Images- and Image Formats-
DICOM- Lossless Compression -Binary Image Compression. Basics of Point Processing and Neighborhood 
Processing 
UNIT II MORPHOLOGY TECHNIQUES                 9 
Convolution Vs Correlation kernels- Template Matching- Edge Detection- Gradients-Image Edges- Morphology 
on binary images- box-shaped and disc shaped structuring element- Hit and Fit, Dilation and Erosion, Compound 
Operations- Boundary Detection 
UNIT III BLOB [Binary Large Object] ANALYSIS                  9 
BLOB Extraction- The Grass-Fire Algorithm, BLOB Features- BLOB Area, Bounding Box, Bounding Circle, 
Convex Hull, compactness of a BLOB, Center of Mass, Perimeter, Circularity and BLOB Classification- Cell 
Classification Using BLOB Analysis for image cytometer- Feature Selection, Feature Ranges and Evaluation of 
Classification 
UNIT IV FUNDAMENTALS OF COLOR IMAGES      9 
Basics of Psycho-visual experiments- subtractive colors- additive colors. Representation of an RGB Color Image- 
Bayer pattern of color image sensor/Color camera- The RGB Color Space - HSI Color Representation- Color 
Thresholding- Chroma-Keying- Postscript on Colors. Pixel Classification – case study on Classification of a head 
CT image – Histogram and annotation concepts - minimum distance classifier Vs parametric classifier - Bayesian 
Classification 
UNIT V GEOMETRIC TRANSFORMATIONS      9 
Basics of rotation and scaling- Affine Transformations- homogeneous coordinates- Backward Mapping- Bilinear 
interpolation- Profile Analysis- projective transformation or homography. Image Registration- Feature-Based 
Image Registration Vs Intensity-Based Image Registration. Line and Path Detection- The Hough Transform- 
Path Tracing Using Dynamic Programming- Preprocessing for Path Tracing- Locating Circular Structures. Case 
study for an ophthalmology to track the veins in Fundus image. 

Total: 45 Periods 
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Text Books: 
1. Rasmus R. Paulsen, Thomas B. Moeslund “Introduction to Medical Image Analysis” Springer International 

Publishing (2020)  
 

Reference Books:  
1. Klaus D. Toennies “Guide to Medical Image Analysis- Methods and Algorithms” Springer-Verlag London 

(2017).  
2. Nilanjan Dey, Amira S. Ashour, Harihar Kalia, Himansu Das, R. T. Goswami – “Histopathological Image 

Analysis in Medical Decision Making” -IGI Global book series Advances in Medical Technology (2019) 
3. Rodrigo Rojas Moraleda, Nektarios A. Valous, Wei Xiong, Niels Halama – “Computational Topology for 

Biomedical Image and Data Analysis- Theory and Applications” CRC Press (2020)  
  

Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

 
COs 

POs PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 3 2          2   

CO2 3 2 2 2      2   2   

CO3 
3 3 1   1       2   

CO4 2 2 2 2         1   

CO5 3 3 2       2   2   

 3 High 2 Medium 1 Low  

 

Formative assessment 

Bloom’s 
Level 

Assessment Component Marks 
Total 

marks 

Remember Online Quiz 5 

15 Understand Tutorial Class / Assignment 5 
 Attendance 5 
 

Summative Assessment 

Bloom’s Category Continuous Assessment Tests Final Examination 
(60) IAE-1(7.5) IAE-2(7.5) IAE-3(10) 

Remember 10 10 10 20 
Understand 10 10 10 20 
Apply 30 30 30 60 
Analyze     

Evaluate     

Create     
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20BM703 NEURAL NETWORKS AND FUZZY LOGIC 
L T P C 

3 0 0 3 

Nature of Course Professional Core 

Pre requisites Linear Algebra and Set Theory 
 
Course Objectives 

The course is intended to 
1. Expose the students to the concepts of feed forward neural networks.  
2. Provide adequate knowledge about feedback (recurrent) neural networks.  
3. Teach about the concept of fuzziness involved in various systems.  
4. To provide adequate knowledge about fuzzy set theory and fuzzy control.  
5. Application of neural network and fuzzy logic control to real time systems 

 
Course Outcomes 

On successful completion of the course, students will be able to 

CO. No. Course Outcome 
Bloom's 

Level 

CO1 
Demonstrate an Understand of the basic concepts and principles of neural 
computation  as an approach to intelligent problem solving Apply 

CO2 Illustrate the commonly used neural network architectures and learning algorithms Apply 

CO3 Distinguish classes of problems solving including Vagueness problem  Understand 

CO4 Explore Fuzzy Logic and its solutions to complex control methods Apply 

CO5 Design a neural network and Fuzzy Logic to solve a particular problem Analyze 
Course Contents: 
UNIT I FUNDAMENTALS OF NEURAL NETWORKS                                            9 
Introduction to Artificial Neutral Network – Biological neurons and their artificial models – Neural processing; 
learning and adaptation; Neural Network Learning Rules – Hebbian, perception, – Activation functions- Learning 
factors – Linear separability.  
UNIT II NEURAL NETWORK ARCHITECTURES                                                 9 
Single layer perceptron – Adaline – Madaline - Multilayer Feedforward Networks – Back propagation network – 
Hopfield network – Discrete Hopfield network – Recurrent Auto and Hetero associative memory – Hamming 
network –Adaptive Resonance Theory (ART-1).   
 
UNIT III FUNDAMENTALS OF FUZZY LOGIC                                                          9 

Crisp set – Vagueness – Uncertainty and Imprecision – Fuzziness – Basic definitions - fuzzy set theory – 
classical set Vs fuzzy set - properties of fuzzy sets – Fuzzy operation – Fuzzy arithmetic – Fuzzy relation – Fuzzy 
relational equations – Fuzzy Cartesian product and composition –Tolerance equations relations 
 

UNIT IV FUZZY MODELS AND CONVERSION                                                      9  
Introduction to Fuzzy model- fuzzy logic control – structure of FLC – Fuzzification models - knowledge Base – 
Rule base - Inference Engine – Fuzzy to Crisp Conversion - Lambda cuts for fuzzy sets and relations – 
Defuzzification Methods 
 
UNIT V APPLICATIONS OF NEURAL NETWORKS AND FUZZY LOGIC      9 
Application of Neural networks – XOR problem - Handwritten character recognition –Neuro controller for 
Biofeedback control system –Fuzzy image processing - Fuzzy logic controllers- Introduction to Neuro Fuzzy 
control.  

Total: 45 Periods 
Text Books: 

1. Lawrence Fausset,” Fundamentals of Neural Networks”, Prentice Hall of India, New Delhi, 1994.  
2. Timothy J Ross, “Fuzzy Logic with Engineering Applications”, Mc GrawHill  

International Edition, USA, 1997. 
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Reference Books:  
1. James M. Keller, Derong Liu, David B. Fogel - Fundamentals of Computational Intelligence_ Neural 

Networks, Fuzzy Systems, and Evolutionary Computation IEEE Press Wiley,2016 
2. Ardahir Mohammadazadeh, Mohammad Hosein Sabzalian, Oscar Castillo, Rathinasamy Sakthivel, Fayez 

F. M. El-Sousy, Saleh Mobayen “Neural Networks and Learning Algorithms in MATLAB” Springer,2022 
3. Bart Kosho “Neural Networks & Fuzzy systems”, Prentice Hall of India, New Delhi, 1994.  
4. J.A. Freeman & David.M. Skapura, Neural networks, Algorithms applications and programming techniques, 

Addison Wesley,1991 
5. David M. Skapura, “Building Neural Networks”, Addison Wesley, 1996  

 
Additional References: 
 Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

 
COs 

POs PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

O1 3 3   3  1 3 3 3 3 1 2   

CO2 3 2   2  2 2 2 2 2 1 2   

CO3 3 3   3  1 3 3 3 3 1 2   

CO4 2 2   2  2 2 2 2 2 1 1   

CO5 3 3   3  1 3 3 3 3 1 2   

 3 High 2 Medium 1 Low  

 

Formative assessment 

Bloom’s 
Level 

Assessment Component Marks 
Total 

marks 

Remember Online Quiz 5 

15 Understand Tutorial Class / Assignment 5 
 Attendance 5 
 

Summative Assessment 

Bloom’s Category Continuous Assessment Tests Final Examination 
(60) IAE-1 

(5) 
IAE-2 
(10) 

IAE-3 
(10) 

Remember 10 10 10 20 
Understand 10 10 10 20 
Apply 30 30 30 60 
Analyze     

Evaluate     

Create     
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20BM704 BIOMEDICAL IMAGE ANALYSIS LABORATORY L T P C 

0 0 2 1 

Nature of 
Course 

Professional core 

Pre requisites Biosignal Processing Laboratory 
 

Course Objectives 

Medical image analysis is the process of extracting meaningful information from medical images, often 
using computational methods 

 

Course Outcomes  

On successful completion of the course, students will be able to, 
Use the tools for practical image analysis which is rapidly evolving by using MATLAB for practical 
exercises and using Python, OpenCV or scikit-image. For time critical applications C++, OpenCV is 
preferred. For explorative analysis of images, we may use ImageJ. 
 
CO1 - Understand DICOM and NIfTI-1 data formats 
CO2- Learn to display a medical image stored in a file 
CO3 - Experiment Basic medical image segmentation and its Image Analysis 
CO4 – Explore Medical Image Classification, Registration and Fusion concepts 
CO5 – Case Study on some recent advances in analysis of medical images 

 
CYCLE-1 

S.No.           Course Content CO 
Bloom's 

Level 

1 Medical Imaging Exploration - DICOM and NIfTI-1 Data Format CO 1 Understand 
2 Loading and Visualization - Render the image using Matplotlib CO 2 Apply 

3 Digital X-Ray Medical Image Convolution and Correlation 
Kernel Practical Exercises  CO 3 Apply 

4 Vascular Medical Image Line and Edge detection Practical 
Exercises CO 3 Apply 

5 Ultrasound Medical Image Segmentation Practical Exercises  CO 3 Apply 
6 Histopathological Image Analysis CO 3 Apply 

 
CYCLE-2 

S.No.           Course Content CO Bloom's Level 
1 Medical Image Classification Practical Exercises CO 4 Analyze 
2 Medical Image Registration Practical Exercises CO 4 Apply 
3 Medical Image Fusion Techniques CO 4 Analyze 
4 3D reconstruction of image data CO 5 Understand 

5 Case studies on some recent advances in analysis of 
Retinal/Fundus camera images CO 5 Analyze 

6 Case studies on some recent advances in analysis of CT 
images CO 5 Analyze 

7 Case studies on some recent advances in analysis of MRI 
images CO 5 Analyze 
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Mapping of Course Outcomes (COs) with Program Outcomes (POs) Program Specific 

Outcomes (PSO) 

 

COs 

POs PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2  

1 3 1 3  2 1   3    2 3  

2 3 1 3  2 1   3    2 3  

3 3 1 3  2 1   3    2 3  

4 3 1 3  2 1   3    2 3  

5 3 1 3  2 1   3    2 3  

 3 High 2 Medium 1 Low  

Summative assessment based on Continuous and Final Examination 

Bloom’s Level 
Rubric based Continuous 

Assessment 
[50 marks] 

Final Examination [50 marks] 

Remember 5 10 

Understand 10 20 

Apply 15 30 

Analyze 20 40 

Evaluate - - 

Create - - 
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20BM705 HOSPITAL TRAINING 
L T P C 

0 0 2 1 

Nature of Course Professional core 

Pre requisites Nil 
Course Objectives  

 The course is intended to 
1. Observe medical professionals at work in the wards and the roles of Allied Health Professionals 
2. Provide access to healthcare Professionals to get a better Understand of their work  
3. Demonstrate patient-care in a hospital environment  

 
Course Outcomes  

 On successful completion of the course, students will be able to 

CO. No Course Outcome 
Bloom's 
Level 

CO 1 Advocate a patient-centered approach in healthcare  Understand 

CO 2 
Communicate with other health professionals in a respectful and responsible 
manner  Apply 

CO 3 Recognize the importance of inter-professional collaboration in healthcare  Understand 

CO 4 
Propose a patient-centered inter-professional health improvement plan based upon 
the patient’s perceived needs  Understand 

CO 5 
Use the knowledge of one’s own role and those of other professions to address the 
healthcare needs of populations and patients served  Understand 

 

ASSESSMENT:  

 Students need to complete training in any leading multi-specialty hospital for a period of 15 days.  
 They need to prepare an extensive report and submit to their respective course in-charges during the 

session.  
 Out of the following departments, it is mandatory to complete training in any 10. The students can give a 

presentation of the remaining departments during laboratory hours.  
 

S.No.  Departments for visit  

1 Cardiology  
2 ENT  
3 Ophthalmology  
4 Orthopaedic and Physiotherapy  
5 ICU/CCU  
6 Operation Theatre  
7 Neurology  
8 Nephrology  
9 Radiology  
10 Nuclear Medicine  
11 Pulmonology  
12 Urology  
13 Obstetrics and Gynaecology  
14 Emergency Medicine  
15 Biomedical Engineering Department  
16 Histo Pathology  
17 Biochemistry  
18 Paediatric/Neonatal  
19 Dental  
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20 Oncology  
21 PAC’s  
22 Medical Records / Telemetry  

 
Assessment (Internal Assessment only) 

Assessment Guide 
Supervisor 

(Industry) 
Total marks 

Review 1 20 20 

100 Review 2 20 20 
Report  20 
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20BM706 DESIGN PROJECT L T P C 

0 0 2 1 

Nature of 
Course 

Professional core 

Pre requisites Any Simulation Tool 
Course Objectives 

 To study about innovation techniques in biomedical engineering field 
 To learn about the design aspects of equipments and products in biomedical engineering field  
 To Study about the design challenges in biomedical engineering field 
 To enable development of skill set for designing and realizing prototype biomedical devices/ simulation 

model 
 
Course Methodology 

 The design project is a team activity having 3-4 students in a team.  
 The project work should focus on design and development of biomedical devices using virtual 

simulation tools like MatLab[GUI] or LabVIEW  
 The design project may be a complete hardware or a combination of hardware and software. The 

software part in mini project may be 80% of the total work. 
 On completion of the design project, the student shall submit a detailed project report. The design 

project should be reviewed and the report shall be evaluated and the students shall appear for a viva-
voce oral examination on the project approved by the Co-ordinator and the project guide 

 
 

Assessment Committee Guide 
Marks 

CA FE Total 

Review 1 10 10 

50 50 100 
Review 2 10 10 
Review 3 10 10 

Report & Viva 20 20 
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VIII SEMESTER 

 

20BM801 MAJOR PROJECT 
L T P C 

0 0 20 10 

Nature of course  Professional Core 
Pre requisites Mini & Design Project 

 
 
Course objectives:  

 To develop the ability to solve a specific problem right from its identification and literature review till the 
successful solution of the same.  

 To train the students in preparing project reports and to face reviews and viva voce examination.  
 The student in a group of 3 to 4 works on a topic approved by the head of the department under the 

guidance of a faculty member and prepares a comprehensive project report after completing the work 
to the satisfaction of the supervisor.  

 The progress of the project is evaluated based on a minimum of three reviews. The review committee 
may be constituted by the Head of the Department.  

 A project report is required at the end of the semester.  
 The project work is evaluated based on oral presentation and the project report jointly by external and 

internal examiners constituted by the Head of the Department. 
 
Course outcomes:  

 On Completion of the project work students will be in a position to take up any challenging practical 
problems and find solution by formulating proper methodology.  
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Course Objectives 

The course is intended to 
1. Study the characteristics of different biomedical signals 
2. Impart knowledge about spectral analysis 
3. Learn the cardiological signal processing methods 
4. Understand the classification of biosignals using wavelets 
5. Study the feature reduction methods for biosignals 

Filtering – LMS adaptive filter, adaptive noise canceling in ECG, improved adaptive filtering 

in ECG, Wavelet detection in ECG – structural features, matched filtering, adaptive wavelet 
detection, detection of overlapping wavelets 

PROFESSIONAL ELECTIVES (PE) STREAM 1 

BIOMEDICAL SIGNAL AND IMAGE PROCESSING (BSIP) 

 
20BME01 

 
PHYSIOLOGICAL SIGNAL PROCESSING 

L T P C 

3 0 0 3 

Nature of course Professional Elective 
Pre requisites Signals and Systems 

 
 
 
 

CO. No 

 
Course Outcome 

  

Bloom's 

Level 

CO 1 Examine the basic signal processing for bio-signals Remembering 
  CO 2 Analyze biosignals in time domain & to estimate the spectrum. Analyzing 

CO 3 Apply wavelet detection techniques for biosignal processing Apply 
CO 4 Classify biosignals using neural networks and statistical classifiers Understand 
CO 5 Demonstrate the feature reduction methods for different biosignals Analyzing 

Course Contents 

Unit – I   Physiological Signal Characteristics 9 

Characteristics of dynamic biomedical signals: Electroneurogram (ENG), Electrocardiogram 

(ECG), Electroencephalogram (EEG), Electromyogram (EMG), Event-related potentials (ERPs), 
Electroretinogram (ERG), Electrooculogram (EOG), Electrogastrogram (EGG), Phonocardlogram 

(PCG), speech signal, Vibroarthrogram (VAG) - Objectives of Biomedical Signal Analysis 
Unit – II   Time Series Analysis and Spectral Estimation 9 

Time series analysis – linear prediction models, process order estimation, lattice 

representation, non-stationary process, fixed segmentation, adaptive segmentation, application in 

EEG, PCG signals, Time varying analysis of Heart-rate variability, model-based ECG simulator. 
Spectral estimation –Blackman Tukey method, periodogram, and model-based estimation. Application 

 in Heart rate variability, PCG signals 
Unit – III  Adaptive Filtering and Wavelet Detection 9 

Unit – IV  Biosignal Classification and Recognition 9 

Signal classification and recognition – Statistical signal classification, linear discriminant 
function, direct feature selection and ordering, Back propagation neural network-based classification. 
Application in Normal versus Ectopic ECG beats 

 
 
 

Course Outcomes 

On successful completion of the course, students will be able to 
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Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

 
COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 2 2 2          2  

CO2 3 2 2 2          2  

CO3 3 3 2 2          3  

CO4 3 3 2 2          3  

CO5 3 3 2 2          3  

 3 High 2 Medium 1 Low  

Formative assessment  

Bloom’s Level Assessment Component Marks 
Total 
marks 

Analyze Classroom or Online Quiz 5  
15 

Understand Assignment 10 

Summative Assessment 

 
 

Bloom’s Category 

Continuous Assessment Tests  

Terminal Examination (60) IAE-1 

(7.5) 
IAE-2 

(7.5) 
IAE-3 

(10) 

Remember 5 5 5 10 
Understand 5 5 5 20 

Apply 20 20 20 30 

Analyze 20 20 20 40 

Evaluate 0 0 0 0 

Create 0 0 0 0 

Unit – V Time Frequency and Multivariate Analysis 9 

Time frequency representation, spectrogram, Wigner distribution, Time-scale representation, 
scalogram, wavelet analysis – Data reduction techniques, ECG data compression, ECG characterization, 
Feature extraction- Wavelet packets, Multivariate component analysis-PCA, ICA 

Total: 45 Periods 

Text Books 

1. Arnon Cohen, “Bio-Medical Signal Processing Vol I and Vol II”, CRC Press Inc., Boca Rato, Florida, 
1999. 

2. Rangaraj M Rangayyan,” Biomedical Signal Analysis A Case Study Approach” John Wiley, 2002 
 

Reference Books 

 
1. Reddy D C, “Biomedical Signal Processing -Principles and Techniques”, The McGraw Hill 

Publishing Company Limited, New Delhi, 2005. 
2. Willis J. Tompkins,”Biomedical Digital Signal Processing”, Prentice Hall of India Publications, 1995. 
3. Leif Sornmo, Pablo Laguna, “Bioelectrical Signal Processing in Cardiac & Neurological 

Applications”, Elsevier, 2005. 
Additional / Web References 

1. https://physionet.org/about/tutorial/ 
2. https://nptel.ac.in/courses/108/105/108105101/Biomedical Signal Processing, “Biomedical Signal 

Processing”, Prof.Sudipta Mukhopadhyay, IIT Kharagpur 
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Course Objectives 

The course is intended to 
1. Understand the principles in design of biometric systems and the underlying concepts 
2. Apply technologies of fingerprint, iris, face and speech recognition 
3. Learn evaluation of biometrics systems based on hand gesture technology 
4. Explore iris-based recognition as vital feature 
5. Relate Voice Scan and Multimodal Biometrics methodology 

History of fingerprint pattern recognition - General description of fingerprints- fingerprint 
sensors, fingerprint enhancement, Feature Extraction- Ridge orientation, ridge frequency, 
fingerprint matching techniques-correlation based, Minutiae based, Ridge feature based, fingerprint 
classification, Applications of fingerprints, Finger scan- strengths and weaknesses, Evaluation of 
fingerprint verification algorithms 

Introduction, Anatomical and Physiological underpinnings, Iris sensor, Iris representation 

and localization-Daugman and Wilde’s approach, Iris matching, Iris scan strengths and 

Weaknesses, System performance, future directions 

 
20BME02 

 
BIOMETRIC SYSTEMS 

L T P C 

3 0 0 3 

Nature of course Professional Elective 
Pre requisites Basics of Biomedical Engineering 

 

Course Outcomes 

On successful completion of the course, students will be able to 

Course Outcome 
Bloom's

 
Level 

CO 1 
Infer knowledge on biometric authentication system and its applications 
in biometric systems 

CO 2 
Explain the functional description of fingerprint enhancement, feature 
extraction, classification and matching technique 
Discuss about various classifiers, algorithm, feature extraction of face 

and hand geometry recognition 

Understand 

Understand 

Understand 

CO 4   Describe about iris recognition Understand 

CO 5   Identify issues in the voice scan and multimodal biometrics  Apply 
Course Contents 

Unit – I   Introduction to Biometrics 9 

Introduction and back ground – biometric technologies –Biometric characteristics, 
Biometric applications–Biometric Authentication Systems-Taxonomy of Application Environment, 
Accuracy in Biometric Systems-False match rate- False non match rate- Failure to enroll rate- 
Derived metrics-Biometrics and Privacy 
Unit – II  Fingerprint Technology 9 

Unit –III  Face Recognition and Hand Geometry 9 

Introduction to face recognition, face recognition using PCA, LDA, face recognition using 

shape and texture, face detection in color images, 3D model based face recognition in video 

images, Neural networks for face recognition, Hand geometry–scanning–Feature Extraction– 

classification 
Unit –IV  Iris Recognition 9 

Unit – V  Voice Scan and Multimodal Biometrics 9 

Mel frequency cepstral coefficients, speaker matching, Gaussian mixture model, NIST 

speaker Recognition Evaluation Program, Introduction to multimodal biometric system–Integration 

strategies–Architecture–level of fusion–combination strategy, examples of multimodal biometric 

systems 
Total : 45 Periods 

CO 3 

CO. No 
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Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

 
COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 2 2 2          2  

CO2 3 2 2 2          2  

CO3 3 3 2 2          3  

CO4 3 3 2 2          3  

CO5 3 3 2 2          3  

 3 High 2 Medium 1 Low  

 
 

Formative assessment 

Bloom’s Level Assessment Component Marks 
Total 
marks 

Analyze Classroom or Online Quiz 5  
15 

Understand Assignment 10 
 

 

Summative Assessment 

 

 
Bloom’s Category 

Continuous Assessment Tests  

Terminal Examination (60) IAE-1 

(7.5) 
IAE-2 

(7.5) 
IAE-3 

(10) 

Remember 5 5 5 10 
Understand 5 5 5 20 

Apply 20 20 20 30 

Analyze 20 20 20 40 

Evaluate 0 0 0 0 

Create 0 0 0 0 

Text Books 

1. James Wayman, Anil Jain, Davide Maltoni, Dario Maio, “Biometric Systems, Technology 

Design and Performance Evaluation”, Springer, 2005. 
2. Paul Reid, “Biometrics for Network Security”, Pearson Education, 2004 

Reference Books 

1. G.R.Sinha, Sandeep B.Patel, “Biometrics: Concepts and Applications”, Wiley Publications, 
1st edition, 2013. 

2. Arun A Ross, Karthik Nandakumar and Anil K.Jain, “Handbook of Multibiometics”, 
Springer,2006. 

Additional / Web References 

http:// nptel/biometrics- iit-kanpur, “Biometric Systems”, Prof. PhalguniGupt , IIT, khanpur 



Page 126 of 173 

B.E Biomedical Engineering(R-2020) 
  

Passed in Board of studies Meeting       Approved in Academic Council Meeting   

Course Outcomes 

On successful completion of the course, students will be able to 

Course Objectives 

1. Learn and develop new computer vision algorithms 
2. Ability to extract features from different data points, Line, image, object in different planes 
3. Can develop skills to apply Image segmentation ideas 
4. Study shape representation using various contour models 
5. Perform and demonstrate object and motion analysis features 

 
20BME03 

 
COMPUTER VISION AND PATTERN RECOGNITION 

FOR BIOLOGICAL APPLICATIONS 

L T P C 

3 0 0 3 

Nature of course Professional elective 
Pre requisites Nil 

 
 

 
 
 
 
 

CO. No Course Outcome 
Bloom's 

Level 

CO 1 To introduce student about computer vision algorithms. Understand 

CO 2 To introduce mechanisms used in biological visual systems that inspire 

design of artificial unit. 
Apply 

CO 3 Introduction to techniques in image segmentation. Apply 
CO 4 Various techniques for image representation. Apply 
CO 5 To introduce principles of motion analysis and object recognition Analyze 

 
 

Course Contents 

Unit – I Digital Image Formation, Depth Estimation and Multi-Camera 
Views 

Fundamentals of image formation, transformation: orthogonal, Euclidean, affine, projective, etc; 
Fourier transform, convolution and filtering, image enhancement, restoration, histogram 

processing. Perspective, binocular stereopsis: camera and epipolar geometry; homography, 
rectification, direct linear transform, random sample consensus (RANSAC), 3-D reconstruction 

framework; auto-calibration. 
Unit – II   Feature Extraction 9 

Edges - Canny, Laplacian of Gaussian, difference of Gaussian; line detectors (Hough Transform), 
corners - Harris and Hessian Affine, orientation histogram, scale invariant feature transform, SURF, 
histogram of oriented gradients scale-space analysis- image pyramids and Gaussian derivative 

filters, Gabor Filters and DWT. 

Unit – III Image Segmentation 9 

Region growing, edge-based approaches to segmentation, graph-cut, mean-shift, MRFs, texture 

segmentation; object detection. 
Unit –IV Shape Representation 9 

Unit – V  Object Recognition and Motion Analysis 9 

Shape correspondence and shape matching, principal component analysis, shape priors for 
recognition background subtraction and modeling, optical flow, KLT, spatio-temporal analysis, 
dynamic stereo; motion parameter estimation. 

TOTAL:45 Periods 

Deformable curves and surfaces, snakes and active contours, level set representations, Fourier 
and wavelet descriptors, medial representations, multiresolution analysis. 

9
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Reference Books 

1. H Richard, Z Andrew, Multiple View Geometry in Computer Vision, Cambridge Press, 2003.
2. R.C. Gonzalez and R.E. Woods, Digital Image Processing, Addison- Wesley, 1992

Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 2 2 2 2 
CO2 3 2 2 2 2 
CO3 3 3 2 2 3 
CO4 3 3 2 2 3 
CO5 3 3 2 2 3 

3 High 2 Medium 1 Low 

Formative assessment 

Bloom’s Level Assessment Component Marks 
Total 
marks 

Analyze Classroom or Online Quiz 5 
15 

Understand Assignment 10 

Summative Assessment 

Bloom’s Category 

Continuous Assessment Tests 

Terminal Examination (60) IAE-1 

(7.5) 
IAE-2 

(7.5) 
IAE-3 

(10) 

Remember 5 5 5 10 
Understand 5 5 5 20 

Apply 20 20 20 30 

Analyze 20 20 20 40 

Evaluate 0 0 0 0 

Create 0 0 0 0 

Text Books 

1. Richard Szeliski, Computer Vision: Algorithms and Applications, Springer-Verlag, 2011.
2. D. A. Forsyth, J. Ponce, Computer Vision: A Modern Approach, Pearson Education, 2003.
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CO 4 

CO 2 

CO. No 

Course Objectives 

The course is intended to 
1. Introduce speech production and related parameters of speech
2. Show the computation and use of techniques such as short time Fourier transform, linear

predictive coefficients
3. Understand different speech modeling procedures such as Markov and their implementation

issues
4. Introduce speech recognition algorithm
5. Introduce artificial speech of human speech

20BME04 SPEECH PROCESSING 
L T P C 

3 0 0 3 

Nature of course Professional Elective 
Pre requisites Bio Signal Processing 

Course Outcomes 

On successful completion of the course, students will be able to 

Course Outcome 
Bloom's

Level 

CO 1 Describe the production and classification of speech signal processing
using articulatory and acoustic phonetics. 
Analyze the speech signal using feature extracting and pattern
comparison techniques. 

CO 3 Evaluate the speech processing systems using deterministic and
stochastic process models 
Analyze the continuous speech recognition system using its
architecture, acoustic and language models 

CO 5 Analyze the speech synthesis using Diaphone Waveform synthesis
techniques and evaluation 

Remembering

Analyzing

Evaluating

Analyzing

Analyzing 

Course Contents 

Unit – I Basic Concepts 9 

Speech Fundamentals: Articulatory Phonetics – Production and Classification of Speech
Sounds; Acoustic Phonetics – Acoustics of speech production; Review of Digital Signal Processing
concepts; Short-Time Fourier Transform, Filter-Bank and LPC Methods. 

Unit – II  Speech Analysis 9 

Features, Feature Extraction and Pattern Comparison Techniques: Speech distortion
measures– mathematical and perceptual – Log–Spectral Distance, Cepstral Distances, Weighted
Cepstral Distances and Filtering, Likelihood Distortions, Spectral Distortion using a Warped
Frequency Scale, LPC, PLP and MFCC Coefficients, Time Alignment and Normalization – Dynamic
Time Warping, Multiple Time – Alignment Paths.
Unit – III  Speech Modelling 9 

Unit –IV Speech Recognition 9 

Large Vocabulary Continuous Speech Recognition: Architecture of large vocabulary
continuous speech recognition system – acoustics and language models – n-grams, context
dependent sub-word units; Applications and present status. 

Unit – V Speech Synthesis 9 

Page 116 of 158 

Hidden Markov Models: Markov Processes, HMMs – Evaluation, Optimal State
Sequence – Viterbi Search, Baum-Welch Parameter Re-estimation, Implementation issues. 
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Text Books 

1. Lawrence Rabiner, Biing-Hwang Juang and Yegnararayana, “Fundamentals of Speech
Recognition”, Pearson Education,First edition, 2008..

2. Daniel Jurafsky and James H Martin, “Speech and Language Processing – An
Introduction to Natural Language Processing, Computational Linguistics, and Speech
Recognition”, Pearson Education, second edition 2013

Reference Books 

1. Thomas F Quatieri, “Discrete-Time Speech Signal Processing – Principles and Practice”,
Pearson Education, 2004.

2. Ben Gold and Nelson Morgan, “Speech and audio signal processing, Processing and
Perception of Speech and Music”, Wiley- India Edition, 2006

3. Lawrence R. Rabiner,, Ronald W. Schafer, “Digital Processing of Speech Signals”,
Prentice-Hall, 1978.

Additional / Web References 

1. http://freevideolectures.com/Course/2504/ELEC9344-Speech-and-Audio-Processing,
“Introduction to speech processing”, Prof. E. Ambikairajah, The University of New South
Wales

Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 2 2 2 2 
CO2 3 2 2 2 2 
CO3 3 3 2 2 3 
CO4 3 3 2 2 3 
CO5 3 3 2 2 3 

3 High 2 Medium 1 Low 

Formative assessment 

Bloom’s Level Assessment Component Marks 
Total 
marks 

Analyze Classroom or Online Quiz 5 
15 

Understand Assignment 10 

Total : 45 Periods 

Text Normalization – Phonetic Analysis – Prosodic Analysis – Diaphone Waveform
synthesis – Unit selection synthesis and Evaluation 
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Summative Assessment 

Bloom’s Category 

Continuous Assessment Tests 

Terminal Examination (60) IAE-1 

(7.5) 
IAE-2 

(7.5) 
IAE-3 

(10) 

Remember 5 5 5 10 
Understand 5 5 5 20 

Apply 20 20 20 30 

Analyze 20 20 20 40 

Evaluate 0 0 0 0 

Create 0 0 0 0 
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Course Outcomes 

On successful completion of the course, students will be able to 

Course Objectives 

1. Comprehend differences in data allocation through visual representation.
2. Realize and offer references of types of data occurring in clinical studies and public health
3. Understand and infer results from Analysis of Variance; this technique compares means

between two autonomous populations.
4. Understand the importance of survival data and why it requires its type of analysis

technique.

Course Contents 

Unit –IV Inference and Hypothesis Testing 9 

Hypothesis generation, null hypothesis, Type I and II errors, statistical power, interpretation of P- 
values and confidence intervals, statistical and clinical significance. Comparing 2 or more groups: 
Comparing means of two populations with the t-test (continuous data), comparing proportions of 
responders in two populations (enumeration data), Chi square with corrections (goodness of fit, test 
of independence). One - Way ANOVA: F distribution test. 
Unit – V Regression and Correlation 9 

Simple, partial and multiple correlation, simple linear /nonlinear regression, introduction to data 

mining for patterns, analytics. 
TOTAL: 45 Periods 

Concept of a source population, random sampling, estimation of population statistics, standard
error of a sample mean and of a proportion, and their differences, confidence intervals 

20BME05 BIOSTATISTICS 
L T P C 

3 0 0 3 

Nature of course Professional elective 
Pre requisites Nil 

CO. No Course Outcome 
Bloom's 

Level 

Understand 

CO 2 Get familiar with statistics software. Apply 
CO 3 Understand basics of sampling. Apply 
CO 4 Study of Hypothesis testing. Apply 
CO 5 Knowledge of regression & correlation Analyze 

Unit – I 
Measurements and Descriptive Statistics in Medical Research and 

Practice 
9 

Unit – III Sampling 9 

Data types and scales of measurement: continuous vs. enumeration data, sampling distributions -
normal distribution (continuous data), binomial distribution (proportions, based on enumeration
data), measures of central tendency-mean, median, mode, measures of variability-standard
deviation and standard error. 
Unit – II  Introduction to R - Software for Statistical Computing 9 

Basics of R programming, data entry and exporting data, grouping, loops and conditional execution,
functions. Summary statistics, graphics in R, probability and distribution 

CO 1 Introduction
practices. 

to measurement & descriptive statistics in medical 
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Reference Books 

1. B.K Mahajan, Methods in Biostatistics, Jaypee Brothers, 2010.

Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 2 2 2 2 
CO2 3 2 2 2 2 
CO3 3 3 2 2 3 
CO4 3 3 2 2 3 
CO5 3 3 2 2 3 

3 High 2 Medium 1 Low 

Formative assessment 

Bloom’s Level Assessment Component Marks 
Total 
marks 

Analyze Classroom or Online Quiz 5 
20 

Understand Assignment 15 

Summative Assessment 

Bloom’s Category 

Continuous Assessment Tests 

Terminal Examination (60) IAE-1 

(7.5) 
IAE-2 

(7.5) 
IAE-3 

(10) 

Remember 5 5 5 10 
Understand 5 5 5 20 

Apply 20 20 20 30 

Analyze 20 20 20 40 

Evaluate 0 0 0 0 

Create 0 0 0 0 

Text Books 

1. Rao S, Introduction to Biostatistics and Research Methods, PHI, 2012.
2. Chad L., C. Wayne, W. Daniel, Biostatistics: Basic Concepts and Methodology for the Health
Sciences, Wiley, 2014.
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Attribute image restoration and reconstruction techniques in real time
applications 

Analyzing 

Course Objectives 

The course is intended to 
1. Learn debug and test functionality in image processing tools
2. Learn about sources of noise in medical images (i.e. Acquisition noise, low contrast)
3. Understand the design and implement automated medical analysis algorithms on clinical

imaging data using Matlab
4. Introduce deep neural network for image analysis
5. Perform research on an image analysis algorithm

Course Outcomes 

On successful completion of the course, students will be able to 

CO 5 

Image Segmentation: Decision Trees for Segmentation and Classification and Random
Forests for Segmentation and Classification. Image Analysis: Neural Networks for Segmentation
and Classification and Deep Learning for Medical Image Analysis 

. 

20BME07 MEDICAL IMAGE ANALYSIS 
L T P C 

3 0 0 3 

Nature of course Professional Elective 
Pre requisites Digital Image Processing 

CO. No Course Outcome 
Bloom's 

Level 

CO 1 Describe the medical image fundamentals Remembering 
CO 2 Apply image enhancement techniques for processing images Apply 
CO 3 Select the methodologies for image segmentation & recognition Understand 
CO 4 Outline the deep learning techniques in practical applications Remembering 

Course Contents 

Unit – I Introduction to Medical Imaging 9 

Introduction to Medical Imaging and Analysis Software, X-ray and Computed
Tomography (CT) imaging, Magnetic Resonance Imaging (MRI), Ultrasonic Imaging, Molecular
Imaging, SPECT and PET 
Unit – II  Steps in Image Processing 9 

Unit – III Image Segmentation & Analysis 9 

Unit –IV Deep Learning for Image Analysis 9 

Advanced Computer Vision - Neural Networks for Image Processing – Overview of Deep
Neural Networks - Convolutional Neural Networks and Deep Learning for Medical Image Analysis. 

Unit – V Applications 9 

Retinal Vessel Segmentation, Vessel Segmentation in Lung CT Image, Lesion
Segmentation in Brain MR 

Total : 45 Periods 

Texture in Medical Images, Region Growing and Clustering, Random Walks for
Segmentation, Active Contours for Segmentation, Systematic Evaluation and Validation 
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Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 2 2 2 2 
CO2 3 2 2 2 2 
CO3 3 3 2 2 3 
CO4 3 3 2 2 3 
CO5 3 3 2 2 3 

3 High 2 Medium 1 Low 

Formative assessment 

Bloom’s Level Assessment Component Marks 
Total 
marks 

Analyze Classroom or Online Quiz 5 
20 

Understand Assignment 15 

Summative Assessment 

Bloom’s Category 

Continuous Assessment Tests 

Terminal Examination (60) IAE-1 

(7.5) 
IAE-2 

(7.5) 
IAE-3 

(10) 

Remember 5 5 5 10 
Understand 5 5 5 20 

Apply 20 20 20 30 

Analyze 20 20 20 40 

Evaluate 0 0 0 0 

Create 0 0 0 0 

Text Books 

1. Wolfgang Birkfellner, “Applied medical Image Processing- A basic course”, Second Edition,
CRC Press, 2014

2. Rafael C. Gonzales, Richard E. Woods, “Digital Image Processing”, Fourth Edition, Pearson
Education, 2018

Reference Books 

Additional / Web References 

https://nptel.ac.in/courses/108/105/108105091/ 

1. A. P. Dhawan, H.K. Huang, and D. SH. Kim,” Principles and Advanced Methods in Medical
Imaging and Image Analysis”, 2008

2. Anil Jain K. “Fundamentals of Digital Image Processing”, PHI Learning Pvt. Ltd., 2011
3. William K. Pratt, “Introduction to Digital Image Processing”, CRC Press, 2013.
4. Reiner Salzer, “Biomedical Imaging: Principles and Applications”, 2012, 1st Edition, Wiley,

New Jersey
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Course Objectives 

The course is intended to 
1. Learn the various types of machine learning and fundamental mathematical concepts
2. Understand the supervised Learning techniques like regression, classification tree
3. Understand the neural network-based Classification and Clustering techniques
4. Familiar with various classifications and clustering algorithms
5. Understand the various concepts of learning techniques and its medical application

Course Outcomes 

On successful completion of the course, students will be able to 

Course Outcome 

Apply the basic mathematical foundation for various Machine learning
techniques 

CO 2 Implement supervised learning techniques for various data sets.
CO 3 Implement and analyse data sets for clustering 
CO 4 Apply various reinforcement learning algorithms on data sets
CO 5 Explain the learning techniques and its medical application 

Bloom's 

Level 

Applying 

Analyzing
Analyzing
Applying 

Understanding 

CO 1 

CO. No 

Definition and Need for Machine Learning–Type–Supervised–Unsupervised Learning–
Reinforcement–Basics Maths and Background–Probability–Linear Algebra–Statistical Decision
Support Theory–Bayesian–Data set–Training–Testing–Validation–Models–Evaluation 

20BME012 MACHINE LEARNING FOR HEALTHCARE 
L T P C 

3 0 0 3 

Nature of course Professional Elective 
Pre requisites Linear algebra and Probability theory 

Course Contents 

Unit – I Introduction 9 

Unit – II Supervised Learning 9 

Unit – III  Unsupervised Learning 9 

Clustering algorithms– K-Means–K-Medoids–DBSCAN –Hierarchical clustering –
Spectral Clustering– Cluster Analysis – Objective Functions – Case study on various clustering
applications 
Unit –IV  Reinforcement Learning 9 

Markov Decision process model–Policy–value–optimal–evaluation– Planning algorithms
– value iteration–policy iteration–linear programming– Learning algorithms – Stochastic
approximation – Q-Learning – SARSA – Case study on various reinforcement applications

Unit – V  APPLICATIONS OF MACHINE LEARNING IN MEDICAL FIELD 9 

Study of Neuro marketing With EEG Signals and Machine Learning Techniques, Deep
Learning on Symptoms in Disease Prediction, Deep Learning in Mining Biological Data, Prediction
of protein structure using ML, Medical Image data classification and segmentation 

Total : 45 Periods 

Regression–Linear–Ridge–Lasso–Logistic regression–Regularizations; Classification
algorithms: K–Nearest Neighbour–Decision Trees–Support Vector Machine–Kernel trick–Artificial
Neural Networks–Feedforward–Back propagation–Case study on various classification
applications 
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Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 2 2 2 2 
CO2 3 2 2 2 2 
CO3 3 3 2 2 3 
CO4 3 3 2 2 3 
CO5 3 3 2 2 3 

3 High 2 Medium 1 Low 

Formative assessment 

Bloom’s Level Assessment Component Marks 
Total 
marks 

Analyze Classroom or Online Quiz 5 
15 

Understand Assignment 10 

Summative Assessment 

Bloom’s Category 

Continuous Assessment Tests 

Terminal Examination (60) IAE-1 

(7.5) 
IAE-2 

(7.5) 
IAE-3 

(10) 

Remember 5 5 5 10 
Understand 5 5 5 20 

Apply 20 20 20 30 

Analyze 20 20 20 40 

Evaluate 0 0 0 0 

Create 0 0 0 0 

Text Books 

1. Mohri Mehryar, Afshin Rostamizadeh, and Ameet Talwalkar. “Foundations of machine
learning”, MIT press, 2018

2. Sachi Nandan Mohanty, G. Nalinipriya, Om Prakash Jena, Achyuth Sarkar, "Machine
Learning for Healthcare Applications" ISBN: 978-1-119-79181-2, Wiley Scrivener
Publishing, 2021

3. Müller Andreas C. and Sarah Guido. “Introduction to Machine Learning with Python: A
Guide for Data Scientists”, O’Reilly, 2016

Reference Books 

1. Christopher M. Bishop. “Pattern Recognition and Machine Learning”, Springer, 2013
2. Ethem A lpaydin. “Introduction to Machine Learning” Second Edition, PHI Learning,2012

Additional / Web References 

https://nptel.ac.in/courses/106/106/106106236/ 
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CO 4 

CO. No 

Course Objectives 

The course is intended to 
1. Study the architecture and programming of ARM processors
2. Understand the computing platform in memory
3. Understand the program validation and testing
4. Introduce the basic concepts of hard real time multiprocessing
5. Introduce the analytical concepts for effective programming

20BME14 REAL TIME EMBEDDED SYSTEMS 
L T P C 

3 0 0 3 

Nature of course Professional Elective 
Pre requisites Microcontrollers 

Course Outcomes 

On successful completion of the course, students will be able to 

Course Outcome 
Bloom's

Level 

CO 1 Design and develop ARM processor-based systems Apply 

CO 2 Comprehend and appreciate the significance and role of
microcontrollers in embedded systems. 

CO 3 Analyze and demonstrate program design and optimization and proper
scheduling of the process 
Apply the concept of process, multiprocessing and operating systems
in embedded system 

CO 5 Implement various communication protocols in distributed embedded
computing platform 

Understand

Analyzing

Analyzing

Analyzing 

Course Contents 

Unit – I Introduction to Embedded Computing and ARM Processors 9 

Complex systems and microprocessors–Embedded system design process–Formalism
for system design– Design example: Model train controller- ARM Processor Fundamentals- 
Instruction Set and Programming using ARM Processor 

Unit – II Computing Platform 9 

Unit – III Program Design and Analysis 9 

CPU: Programming input and output–Supervisor mode, exception and traps–
Coprocessor–Memory system mechanism–CPU performance–CPU power consumption- CPU
buses–Memory devices–I/O devices–Component interfacing-System Level Performance Analysis-
Parallelism. Design Example: Data Compressor 

Unit –IV Process and Operating Systems 9 

Multiple tasks and Multi processes–Processes–Context Switching–Operating Systems– 

Priority based Scheduling- RMS and EDF- Inter Process Communication mechanisms–Evaluating 

operating system performance–Power optimization strategies for processes 

Unit – V Hardware Accelerators and Networks 9 

Program design–Model of programs–Assembly and Linking–Basic compilation
techniques– Program Optimization-Analysis and optimization of execution time, power, energy,
program size–Program validation and testing- Example: Software Modem 
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Text Books 

1. Wayne Wolf, "Computers as Components - Principles of Embedded Computing System
Design", Morgan Kaufmann Publisher (An imprint of Elsevier), 3rd Edition, 2008.

2. Andrew N Sloss, Dominic Symes, Chris Wright, "ARM System Developer‘s Guide-
Designing and Optimizing System Software", Elsevier/Morgan Kaufmann Publisher, 2008

Reference Books 

1. David E-Simon, "An Embedded Software Prime", Pearson Education, 2010.
2. K.V.K.K.Prasad, "Embedded Real-Time Systems: Concepts, Design & Programming",

Dreamtech press, 2005.
3. Jane. W. S. Liu, "Real-Time Systems", Pearson Education Asia, 2011.

Additional / Web References 

https://nptel.ac.in/courses/106/105/106105193/ 

Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 2 2 2 2 
CO2 3 2 2 2 2 
CO3 3 3 2 2 3 
CO4 3 3 2 2 3 
CO5 3 3 2 2 3 

3 High 2 Medium 1 Low 

Formative assessment 

Bloom’s Level Assessment Component Marks 
Total 
marks 

Analyze Classroom or Online Quiz 5 
15 

Understand Assignment 10 

Summative Assessment 

Bloom’s Category 

Continuous Assessment Tests 

Terminal Examination (60) IAE-1 

(7.5) 
IAE-2 

(7.5) 
IAE-3 

(10) 

Remember 5 5 5 10 
Understand 5 5 5 20 

Apply 20 20 20 30 

Analyze 20 20 20 40 

Evaluate 0 0 0 0 

Create 0 0 0 0 

Total : 45 Periods 

Multiprocessors-CPUs and Accelerators–Performance Analysis- Distributed Embedded
Architecture–Networks for Embedded Systems: I2C, CAN Bus, Ethernet, Myrinet–Network based
design–Internet enabled systems. Design Example: Elevator Controller. 
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Course Outcomes 

On successful completion of the course, students will be able to 

CO. No 
Bloom's 

Level 

CO 1 

Course Outcome 

Understand the necessity of robots in various applications and the 
working of basic electric, electronic and other types of drives required in Understand
robots. 
Identify a suitable sensor for a specific robot. CO 2 Apply 

Apply 

Analyze 

Understand 

Course Objectives 

1. To provide basic understanding of robotics and their applications.
2. To demonstrate the need for various sensors and drives in robotics.
3. To provide knowledge about the robot kinematics, path planning and different trajectories.
4. To make students understand the basics of programming of robots, contemporary use and
design of robots in practice and research.

Course Contents 

Unit – I Introduction to Robotics and Drives for Robotics 9 

Unit – II Sensors for Robots 9 

Tactile sensors - Proximity and range sensors - Acoustic sensors - Vision sensor systems -Image 

processing and analysis - Image data reduction – Segmentation – Feature extraction -Object 
recognition. 
Unit – III Robot Kinematics and Dynamics 9 

Kinematics of manipulators, rotational, translation and transformation, Homogeneous, 
Transformations, Denavat – Hartenberg Representation, Inverse Kinematics. Linearization of 
Robot Dynamics – State variable continuous and discrete models. 
Unit –IV  Path Planning and Programming of Robots 9 

Types of trajectories, trajectory planning and avoidance of obstacles, path planning, skew motion, 
joint integrated motion and straight line motion. Robot programming: languages and software 

packages-MATLAB/Simulink, OpenRDK, Adams. 

Unit – V  Application of Robots 9 

Robots: Basics, Types-Application, Mobility, Terrain, components classification, performance
characteristics. Drives: Electric, hydraulic and pneumatic drives 

STREAM -2 HEALTH CARE SYSTEMS (HCS) 

20BME22 Robotics in Medicine 
L T P C 

3 0 0 3 

Nature of course Professional Core 
Pre requisites Sensors and Measurements 

CO 3 Derive the mathematical model of robotic systems and analyze its
kinematic behavior. 

CO 4 
Design robots for diverse environments encompassing all types of
motions and paths with ideas for performing various robotic tasks with 
the application of programming skills. 

CO 5 Design of different types of robots for various applications. 
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Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 2 2 2 2 
CO2 3 2 2 2 2 
CO3 3 3 2 2 3 
CO4 3 3 2 2 3 
CO5 3 3 2 2 3 

3 High 2 Medium 1 Low 

Formative assessment 

Bloom’s Level Assessment Component Marks 
Total 
marks 

Analyze Classroom or Online Quiz 5 
15 

Understand Assignment 10 

Summative Assessment 

Bloom’s Category 

Continuous Assessment Tests 

Terminal Examination (60) IAE-1 

(7.5) 
IAE-2 

(7.5) 
IAE-3 

(10) 

Remember 5 5 5 10 
Understand 5 5 5 20 

Apply 20 20 20 30 

Analyze 20 20 20 40 

Total : 45 Periods 

Text Books 

1. P. Groover, “Industrial Robotics: Technology, Programming and Applications”, 2nd Edition,
McGraw-Hill Publishers, 2012

2. John J. Craig, “Introduction to Robotics, Mechanics and Control”, 3rd Edition, Pearson
Education, 2010

Reference Books 

Additional / Web References 

1. Robert Schilling, “Fundamentals of Robotics-Analysis and control”, Prentice Hall, 2003
2. W. Spong and M. Vidyasagar, “Robot Dynamics and Control,” 2012, 2nd Edition, John Wiley

& Sons, New York.
3. Lorenzo Sciavicco Bruno Siciliano , “Modelling and Control of Robot Manipulators”, 2012,

1st Edition, Springer Science & Business Media, Berlin.
4. Peter Corke, “Robotics, Vision and Control: Fundamental Algorithms in MATLAB”, Reprint

2013, 1 st Edition, Springer-Verlag Berlin Heidelberg.

Applications in Biomedical Engineering–Bio Engineering Biologically Inspired Robots,Neural
Engineering, Application in Rehabilitation–Interactive Therapy, Bionic Arm, Clinical and Surgical–
Gynaecology, Orthopaedics, Neurosurgery. 
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Course Objectives 

Course Outcomes 

On successful completion of the course, students will be able to 

CO 2 
CO 3 
CO 4 
CO 5 

Apply Finite element methods for implant design
Understand about Orthopaedic applications
Comprehend various manufacturing process 
Realize human factor engineering in medical system 

Bloom's 

Level 

Understand 

Apply
Understand 

Apply 
Apply 

1. Provides an overview of design and manufacturing technique for medical devices development.
2. Comprehend Finite element methods for implant design
3. Explore about Orthopaedic applications
4. Outline the equipments, instrumentations and control systems used in bio manufacturing.
5. Explain standard design and manufacturing programs, validation practices and regulatory
requirement used in biomedical industry.

Course Contents 

Unit – I Medical Device Design Standards and Regulations 9 

Unit – II Finite Element Methods in Implant Design 9 

Introduction to Finite Element Method, Finite element modelling of cells, tissues and organs
Medical device design and prototyping, Customized and universal design of Implants and
prosthesis. 
Unit – III Orthopaedic Designs 9 

Design of orthopaedic Implants, orthoses and Assistive devices. 

Unit –IV Manufacturing Process 9 

Unit – V Human Factors Engineering 9 

Human Factors, Human Factors Process-Specifying the User Interface, Anthropometry. Alarms
and Signals. Additional Human Factors Design Considerations- Overview of Verification and
Validation for Embedded Software in Medical System 

Total : 45 Periods 

Additive manufacturing processes; Machining, forming, electro-discharge machining (EDM) and
electrochemical machining (ECM), laser-based processing, casting and molding. Machines and
equipment including tooling, fixturing, sensors systems, and control. 

Generating Ideas and Concepts, Design Process versus Design Control, Implementation of
Design Procedures, Material selection and Biocompatibility, Design Specification, Quality in
Design, Detailed Design (hardware/ Software design), Computer-Aided Design, Design 
Evaluation (Validation and Verification), Obtaining Regulatory Approval to Market. 

Evaluate 0 0 0 0 

Create 0 0 0 0 

20BME23 MEDICAL DEVICE DESIGN AND PROTOTYPING 
L T P C 

3 0 0 3 

Nature of course Profession Elective 
Pre requisites Introduction to basic medical Science for engineers 

CO. No Course Outcome 

CO 1 Understand design and manufacturing technique for medical devices
development. 
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Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 2 2 2 2 
CO2 3 2 2 2 2 
CO3 3 3 2 2 3 
CO4 3 3 2 2 3 
CO5 3 3 2 2 3 

3 High 2 Medium 1 Low 

Formative assessment 

Bloom’s Level Assessment Component Marks 
Total 
marks 

Analyze Classroom or Online Quiz 5 
15 

Understand Assignment 10 

Summative Assessment 

Bloom’s Category 

Continuous Assessment Tests 

Terminal Examination (60) IAE-1 

(7.5) 
IAE-2 

(7.5) 
IAE-3 

(10) 

Remember 5 5 5 10 
Understand 5 5 5 20 

Apply 20 20 20 30 

Analyze 20 20 20 40 

Evaluate 0 0 0 0 

Create 0 0 0 0 

Text Books 

1 Handbook of Medical Device Design by Richard C. Fries, CRC Press ,2010 
Reference Books 

1. Design and Manufacture of Medical Devices by Paulo Davim, Woodhead Publishing,2012
2. Medical Device Design: Innovation from Concept to Market, by Peter J. Ogrodnik, Academic
Press is an imprint of Elsevier
3. Introduction to Bio manufacturing, Margaret Bryans, Northeast Bio manufacturing centre
4. Paul H. King, Richard C. Fries, Arthur T. Johnson, Design of Biomedical Devices and Systems,

Third Edition, ISBN 9781466569133

Additional / Web References 

1. Additional / web Reference 01
2. Additional / web Reference 02
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Course Outcomes 

On successful completion of the course, students will be able to 

CO. No Course Outcome 
Bloom's 

Level 

CO 4 

CO 5 

To study the need for digital imaging and picture archiving and
communication systems in telemedicine application. Analyze 
Comprehend telemedicine applications for rural healthcare Understand 

Course Objectives 

1. To impart the key principle of telemedicine and healthcare.
2. Explore various telemedical technology and its modern trend
3. Appreciate security aspects and telemedicine standards
4. Expound element of tele-radiology systems like image acquisition system, display system and
communication networks.
5. Demonstrate the methods and techniques used in rural healthcare

Course Contents 

Unit – I Telemedicine and Health 9 

History and Evolution of telemedicine - Tele health - Tele care - Organs of telemedicine - Global 
and Indian scenario. Ethical and legal aspects of Telemedicine - Social and legal issues - Safety 

and regulatory issues - Advances in Telemedicine. 
Unit – II Telemedical Technology 9 

Principles of Multimedia - Text, Audio, Video, data - Data communications and networks - PSTN –
POTS – ANT – ISDN – Internet - Air/ wireless communications: GSM satellite - and Micro wave -
Modulation techniques, Types of Antennae - Integration and operational issues - Communication
infrastructure for telemedicine – LAN and WAN technology - Satellite communication. Mobile hand- 
held devices and mobile communication - Internet technology and telemedicine using world wide
web (www) - Video and audio conferencing - Clinical data – Local and centralized. 

20BME25 Telehealth Technology 
L T P C 

3 0 0 3 

Nature of course Professional Core 
Pre requisites Sensors and Measurements 

CO 1 

CO 2 

Understand the key principles of telemedicine-health and its technology 

Apply technical aspects of tele-medical technology. 

Understand 

Apply 

CO 3 Reconnoiter Telemedicine standards for mobile telemedicine and its
security role. Apply 

Unit – III Telemedical Standards 9 

Unit –IV Picture Archiving and Communication System 9 

Types of image formats, DICOM standard, PACS system: Block diagram, Storing & retrieving
images, Algorithm for retrieving images, Compressions and its significance, Lossless data Storage 
and in-house communication, Computer aided diagnosis (CAD),Hospital information system - Doctors,
paramedics, facilities available. Pharmaceutical information system 
Unit – V Telemedical Applications 9 

Data Security and Standards: Encryption, Cryptography, Mechanisms of encryption, phases of
Encryption. Protocols: TCP/IP, ISO-OSI, Standards to followed DICOM, HL7, H. 320 series (Video
phone-based ISBN) T. 120, H.324 (Video phone based PSTN), Real-time Telemedicine integrating
doctors / Hospitals, Clinical laboratory data, Radiological data, security and confidentially of medical
records and access control, Cyber laws related to telemedicine. 

Passed in Board of Studies Meeting Approved in Academic Council Meeting



Page 132 of 173 

B.E Biomedical Engineering(R-2020)

Text Books 

1. Sherry Emery, Telemedicine in Hospitals: Issues in Implementation, 2015, 1st edition,
Routledge, Tayor and Francis Group, New York.

2. Norris, A.C. “Essentials of Telemedicine and Tele care”, Wiley, 2002
Reference Books 

1. Bernard Fong, A.C.M. Fong, C.K. Li, Telemedicine Technologies: Information 

Technologies in Medicine and Telehealth, 2011, 1st edition, John Wiley & Sons Ltd,
New York

2. Eren, Halit_ Webster, John G - Telemedicine and Electronic Medicine-CRC Press ,2016
3. Shashi Bhushan Gogia - Fundamentals of Telemedicine and Telehealth-Academic Press

,2019
4. H.K. Huang, “PACS and imaging informatics–Basic Principles & application”, Wiley-

Blackwell.
5. Rifat Latifi, Charles R. Doarn, Ronald C. Merrell - Telemedicine, Telehealth and

Telepresence_Principles, Strategies, Applications, and 

International Publishing_Springer ,2021.
New Directions-Springer

6. Tarik A. Rashid, Chinmay Chakraborty, Kym Fraser - Advances in Telemedicine for Health 

Monitoring Technologies, design and applications-The Institution of Engineering and Technology,2020 

Additional / Web References 

Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 2 2 2 2 
CO2 3 2 2 2 2 
CO3 3 3 2 2 3 
CO4 3 3 2 2 3 
CO5 3 3 2 2 3 

3 High 2 Medium 1 Low 

Formative assessment 

Bloom’s Level Assessment Component Marks 
Total 
marks 

Analyze Classroom or Online Quiz 5 

Telemedicine access to health care services – Health education and self-care - Introduction to
robotics surgery - Tele surgery - Tele cardiology, Tele oncology - Telemedicine in neurosciences -
Electronic Documentation - e - health services, security and interoperability - Telemedicine access
to health care services – health education and self-care - Business aspects - Project planning and
costing - Usage of telemedicine. 

Total : 45 Periods 
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Understand Assignment 10 15 

Summative Assessment 

Bloom’s Category 

Continuous Assessment Tests 

Terminal Examination (60) IAE-1 

(7.5) 
IAE-2 

(7.5) 
IAE-3 

(10) 

Remember 5 5 5 10 
Understand 5 5 5 20 

Apply 20 20 20 30 

Analyze 20 20 20 40 

Evaluate 0 0 0 0 

Create 0 0 0 0 
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Course Outcomes 

On successful completion of the course, students will be able to 

Course Objectives 

The course is intended to 
1. Know the sensor and signal processing requirement of wearable systems
2. Understand the level of energy involvement in wearable systems
3. Understand the communication and security aspects
4. Educate the wearability issues related to Body Sensor Networks
5. Learn the applications of wearable systems

Course Contents 

Unit – I Introduction to Sensors 9 

Unit – II Energy Harvesting for Self-Powered Wearable Devices 9 

Solar cell, Vibration based, Thermal based, Human body as a heat source for power
generation, Hybrid thermoelectric photovoltaic energy harvests, Thermopiles 

Need for wearable systems, Characteristics of wearable systems, Sensors for wearable
systems-Biomechanical Sensors -Inertia movement sensors, Physiological Sign Sensors-
Respiration activity sensor, Inductive plethysmography, Impedance plethysmography,
pneumography, Wearable ground reaction force sensor, GSR, Pulse Oximetry, Radiant thermal
sensor, Gas Sensor, Bio compatibility. 

20BME26 WEARABLE SYSTEMS 
L T P C 

3 0 0 3 

Nature of course Professional Electives 
Pre requisites Sensors and Instrumentation 

CO. No Course Outcome 
Bloom's 

Level 

CO 1 Identify the wearable sensors and its need for wearable systems Understand 
CO 2 Interpret the energy requirement for wearable system Apply 
CO 3 Express the need for wireless communication techniques Understand 
CO 4 Predict the wearability issues related to Body Sensor Networks Apply 
CO 5 Illustrate the applications of wearable systems Understand 

Unit – III Wireless Health Systems 9 

Unit –IV Ergonomics for Wearable Body Sensor Networks 9 

Wearability issues-physical shape and placement of sensor, Technical challenges - 
sensor design, signal acquisition, Constraint on sampling frequency for reduced energy 

consumption, Rejection of irrelevant information, Data mining 

Unit – V  Applications of Wearable Systems 9 

Need for wireless monitoring, Definition of Body area network, BAN and Healthcare,
Technical Challenges-System security and reliability, BAN Architecture–Introduction, Wireless
communication techniques 
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Total : 45 Periods 

Medical Diagnostics, Medical Monitoring-Patients with chronic disease, Hospital
patients, Elderly patients, Multi parameter monitoring, Neural recording, Gait analysis, Sports
Medicine, Smart Fabrics 
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Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 2 2 2 2 
CO2 3 2 2 2 2 
CO3 3 3 2 2 3 
CO4 3 3 2 2 3 
CO5 3 3 2 2 3 

3 High 2 Medium 1 Low 

Formative assessment 

Bloom’s Level Assessment Component Marks 
Total 
marks 

Analyze Classroom or Online Quiz 5 
20 

Understand Assignment 15 

Summative Assessment 

Bloom’s Category 

Continuous Assessment Tests 

Terminal Examination (60) IAE-1 

(7.5) 
IAE-2 

(7.5) 
IAE-3 

(10) 

Remember 5 5 5 10 
Understand 5 5 5 20 

Apply 20 20 20 30 

Analyze 20 20 20 40 

Evaluate 0 0 0 0 

Create 0 0 0 0 

Text Books 

Reference Books 

1. Hang,Yuan-Ting,"wearable medical sensors and systems",Springer-2013
2. Mehmet R. Yuce,Jamil Y.Khan, "Wireless Body Area Networks Technology,

Implementation and Applications”, Pan Stanford Publishing Pvt.Ltd, Singapore, 2012
Additional / Web References 

https://www.youtube.com/watch?v=P7YWJuhVM1Q, „Wearable Electronic Textiles‟,Prof.
Volakis, Chair Professor of Electrical Engineering at Ohio State University 

1. Annalisa Bonfiglio, Danilo De Rossi, "Wearable Monitoring Systems", Springer, 2011
2. Sandeep K.S. Gupta, Tridib Mukherjee, Krishna Kumar Venkata subramanian, "Body Area

Networks Safety, Security, and Sustainability," Cambridge University Press, 2013
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Course Outcomes 

On successful completion of the course, students will be able to 

Course Objectives 

The course is intended to 
1. To familiarize with Body Area Network [BAN]
2. To know the hardware requirement of BAN
3. To understand the communication and security aspects in the BAN
4. To know the applications of BAN in the field of medicine

20BME27 BODY AREA NETWORKS 
L T P C 

3 0 0 3 

Nature of course Professional Elective 
Pre requisites Nil 

CO. No Course Outcome 
Bloom's 

Level 

CO 1 Deliberate introduction of BAN Understand 
CO 2 Design a BAN for appropriate application in medicine Apply 
CO 3 Assess the efficiency of communication and the security parameters Evaluating 

CO 4 
Illustrate the need for medical device regulation and regulations 
followed in various regions 

Understand 

Course Contents 

Unit – I Introduction to BAN 9 

Definition, BAN and Healthcare, Technical Challenges-Sensor design, biocompatibility,
Energy Supply, optimal node placement, number of nodes, System security and reliability, BAN
Architecture–Introduction 

Unit – II  Hardware For BAN 9 

Processor-Low Power MCUs, Mobile Computing MCUs, Integrated processor with radio
transceiver, Memory, Antenna-PCB antenna, Wire antenna, Ceramic antenna, External antenna,
Sensor Interface, Power sources- Batteries and fuel cells for sensor nodes 

Unit – III  Wireless Communication and Network 9 

RF communication in Body, Antenna design and testing, Propagation, Base Station-
Network topology-Stand –Alone BAN, Wireless personal Area Network Technologies-IEEE
802.15.1,IEEE P802.15.13, IEEE 802.15.14, Zigbee 

Unit –IV  Coexistence Issues With BAN 9 

Interferences – Intrinsic - Extrinsic, Effect on transmission, Counter measures- on
physical layer and data link layer, Regulatory issues-Medical Device regulation in USA and Asia,
Security and Self-protection-Bacterial attacks, Virus infection, Secured protocols, Self-protection 

Unit – V  Applications of BAN 9 

Monitoring patients with chronic disease, Hospital patients, Elderly patients, Cardiac
arrhythmias monitoring, Multi patient monitoring systems, Multichannel Neural recording, Gait
analysis, Sports Medicine, Electronic pill 

Total : 45 Periods 

CO 5 Extend the concepts of BAN for medical applications Understanding 
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Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 2 2 2 2 
CO2 3 2 2 2 2 
CO3 3 3 2 2 3 
CO4 3 3 2 2 3 
CO5 3 3 2 2 3 

3 High 2 Medium 1 Low 

Formative assessment 

Bloom’s Level Assessment Component Marks 
Total 
marks 

Analyze Classroom or Online Quiz 5 
20 

Understand Assignment 15 

Summative Assessment 

Bloom’s Category 

Continuous Assessment Tests 

Terminal Examination (60) IAE-1 

(7.5) 
IAE-2 

(7.5) 
IAE-3 

(10) 

Remember 5 5 5 10 
Understand 5 5 5 20 

Apply 20 20 20 30 

Analyze 20 20 20 40 

Evaluate 0 0 0 0 

Create 0 0 0 0 

Text Books 

Reference Books 

1. Zhang, Yuan-Ting, “Wearable Medical Sensors and Systems’’,Springer, 2013.
2. Guang-Zhong Yang(Ed.), “Body Sensor Networks’’,Springer, 2006.
6. Mehmet R. Yuce, Jamil Y.Khan, “Wireless Body Area Networks Technology,

Implementation, and Applications”, Pan Stanford Publishing Pte.Ltd., Singapore, 2012
Additional / Web References 

1. Annalisa Bonfiglio, Danilo De Rossi,"Wearable Monitoring Systems", Springer, 2011.
2. Sandeep K.S. Gupta,Tridib Mukherjee,Krishna Kumar Venkata Subramanian, “Body Area

Networks Safety, Security, and Sustainability’’, Cambridge University Press, 2013.
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Course Objectives 

The course is intended to 
1. Focus on information sharing and networks
2. Understand the MAC layer protocols
3. Study the IP addressing and routing protocols in network layer
4. Know the congestion control and resource allocation techniques
5. Educate the services provided by the application layer protocol

Course Outcomes 

On successful completion of the course, students will be able to 

Course Outcome 

CO 1 

Bloom's 

Level 

Understanding 

CO 2 

Interpret the importance of layering, addressing and annotate the
protocol stack of OSI and TCP/IP model 
Annotate MAC protocols (Ethernet, Token Ring and Wi-Fi) supported
by Data Link layer to ensure hop-to-hop reliable communication
Explain IP addressing and routing protocols to find shortest route to
achieve reliable network-layer data transmission 
Classify the transport layer protocols and explain the congest ion
control or congestion avoidance techniques to ensure quality of
service 
Analyze the functions and services provided by the application layer 
protocols (HTTP, SMTP and DNS). 

Understanding 

Applying 

CO 4 Understanding 

CO 5 Analyzing 

CO 3 

CO. No 

Unit – II Data Link Layer 9 

Framing–Error Detection and Correction– IEEE Standards (802.3,802.5,802.11)-MAC
protocols and types 

Unit – III Network Layer 9 

Internetworking: Switching and Bridging–Basic Internetworking-IPv4-IPv6–Routing
Techniques: Distance vector (RIP)–Link state (OSPF)-Interdomain Routing (BGP) 

Unit –IV Transport Layer 9 

Congestion Control and Resource Allocation: TCP Congestion Control–Congestion
Avoidance Mechanisms–Quality of Service: Integrated Services–Differentiated Services 

Unit – V Application Layer 9 

20BME29 DATA COMMUNICATION AND NETWORKING 
L T P C 

3 0 0 3 

Nature of course Professional Elective 
Pre requisites Nil 

Course Contents 

Unit – I Data Communications 9 

Data Communication–Networks–The OSI Model– Layers in the OSI Model – TCP/IP
Protocol Suite – Addressing–Transmission Media 
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Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 2 2 2 2 
CO2 3 2 2 2 2 
CO3 3 3 2 2 3 
CO4 3 3 2 2 3 
CO5 3 3 2 2 3 

3 High 2 Medium 1 Low 

Formative assessment 

Bloom’s Level Assessment Component Marks 
Total 
marks 

Analyze Classroom or Online Quiz 5 
20 

Understand Assignment 15 

Summative Assessment 

Bloom’s Category 

Continuous Assessment Tests 

Terminal Examination (60) IAE-1 

(7.5) 
IAE-2 

(7.5) 
IAE-3 

(10) 

Remember 5 5 5 10 
Understand 5 5 5 20 

Apply 20 20 20 30 

Analyze 20 20 20 40 

Evaluate 0 0 0 0 

Create 0 0 0 0 

Total : 45 Periods 

Text Books 

1. Larry L. Peterson, Bruce S. Davie, “Computer Networks: A Systems Approach”, Fifth
Edition,
Morgan Kaufmann Publishers, 2011

2. Behrouz A. Forouzan, “Data Communications and Networking”, Fourth Edition, Tata
McGraw Hill, Reprint 2012

Reference Books 

1. William Stallings, “Data Communication and Networks”, Pearson Education, Tenth edition,
2014.

2. James .F. Kurouse & W. Rouse, “Computer Networking: A Top down Approach Featuring”,
Sixth edition, Pearson Education, 2013.

Additional / Web References 

http://www.nptel.ac.in/downloads/106105080, Computer Networks, Prof.Sujoy Ghosh, IIT
Kharagpur 

Domain Name System-File Transfer-Web Services and SNMP-HTTP-Electronic Mail
(SMTP, POP3, IMAP, MIME) 
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Course Objectives 

The course is intended to 
1. Understand Smart Objects and IoT Architectures
2. Learn about various IOT-related protocols
3. Study the healthcare challenges in IoT
4. Understand the domain specific applications of IoT in healthcare
5. Study the IoT in medicine for popular applications

Course Outcomes 

On successful completion of the course, students will be able to 

Course Contents 

Unit – I IoT and M2M 9 

Unit – II Network and Communication Aspects 9 

Wireless medium access issues-MAC protocol survey-Survey routing protocols– Sensor
deployment & Node discovery-Data aggregation & dissemination 

Unit – III Challenges in IoT 

Design 

challenges. 
challenges-Development 

9 

challenges-Security challenges–Health care 

Unit –IV Domain Specific Applications of IoT 9 

Defining IoT-Characteristics of IoT-Physical design of IoT-Logical design of IoT–
Functional blocks of IoT-Communication models & APIs-Machine to Machine-Difference between
IoT and M2M-Software define network 

20BME30 INTERNET OF THINGS IN MEDICINE 
L T P C 

3 0 0 3 

Nature of course Professional Elective 
Pre requisites Nil 

CO. No Course Outcome 
Bloom's 

Level 

CO 1 Describe the concepts of Internet of Things Understand 
CO 2 Interpret basic protocols in wireless sensor network Understand 
CO 3 Illustrate the need and challenges of IoT Understand 

CO 4 
Relate IoT applications in Industry domain and analyze their 
performance 

Analyzing 

Unit – V Developing IoT Applications in Healthcare 9 

Introduction to Python-Introduction to different IoT tools-Developing applications through 

IoT tools-Developing sensor based application through embedded system platform-Implementing 

IoT concepts with python 
Total : 45 Periods 

Home automation-Industry applications-Surveillance applications-Other IoT applications
in health care 

CO 5 
Compute the health care applications through IoT tools and 
Embedded systems 

Applying 
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Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 2 2 2 2 
CO2 3 2 2 2 2 
CO3 3 3 2 2 3 
CO4 3 3 2 2 3 
CO5 3 3 2 2 3 

3 High 2 Medium 1 Low 

Formative assessment 

Bloom’s Level Assessment Component Marks 
Total 
marks 

Analyze Classroom or Online Quiz 5 
20 

Understand Assignment 15 

Summative Assessment 

Bloom’s Category 

Continuous Assessment Tests 

Terminal Examination (60) IAE-1 

(7.5) 
IAE-2 

(7.5) 
IAE-3 

(10) 

Remember 5 5 5 10 
Understand 5 5 5 20 

Apply 20 20 20 30 

Analyze 20 20 20 40 

Evaluate 0 0 0 0 

Create 0 0 0 0 

Text Books 

1. Vijay Madisetti, Arshdeep Bahga, “Internet of Things: A Hands-On Approach”, Universities
Press, 2015.

2. Venkata Krishna, Sasikumar Gurumoorthy, Mohammad S. Obaidat, “Internet of Things and
Personalized Healthcare Systems”, Springer Briefs in Applied Sciences, and Technology,
Forensic and Medical Bioinformatics, 2019.

Reference Books 

1. Waltenegus Dargie, Christian Poellabauer, "Fundamentals of Wireless Sensor Networks:
Theory and Practice".

2. Olivier Hersent, David Boswarthick, Omar Elloumi , “The Internet of Things – Key
applications and Protocols”, Wiley, 2012.

Additional / Web References 

https://nptel.ac.in › courses, “Internet of Things” – Prof.Sudip Misra, IIT Kharagpur 
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Course Outcomes 

On successful completion of the course, students will be able to 

CO. No 

CO 1 

Course Outcome 

Understand the basic concepts in Biomedical Informatics 

Bloom's 

Level 

Understand 

Apply

Apply 

Analyze 

CO 5 Understand the basics of bioinformatics and the resources in the field. Understand 

Course Objectives 

1. Introduce the basic concepts in Biomedical Informatics.
2. Understand the applications of an electronic medical record system and medical standards.
3. Acquaint the students to clinical decision support systems.
4. Introduce the basics of bioinformatics, resources in the field and explore the various databases.

Course Contents 

Unit – I Introduction to Biomedical Informatics 9 

Unit – II Computer Architectures and Software Engineering for Health Care 

and Biomedicine 
9 

Unit – III Electronic Patient Record and Standards 9 

Electronic Patient Record - Medical data formats – Medical Standards – HL7 – DICOM - LOINC - 
PACS - Medical Standards for Vocabulary - ICD 10 – DRG - MeSH, UMLS, SNOMED - Healthcare 

Standards - JCAHO, HIPAA. 
Unit – V Biomedical Decision Making 9 

Computer Architectures and Software Engineering for Health Care and Biomedicine 6 hours 
Data from patients - Patient Record, Coding and classification – Standards - Natural Language
Processing - Biomedical Imaging Informatics - Biosignal Analysis - Electronic Health Record
Systems – Patient Centered Care Systems - Primary care - Clinical Departmental Systems -
Nursing Information Systems 

The Science and the Pragmatics - Biomedical Data - Their Acquisition, Storage, and Use -
Computer Architectures for Health Care and Biomedicine - Overview of hospital information system 
- Patient history taking mechanisms - Patient data processing - Database Management -
Communication of medical data across different hospital units - Networking and Integration of
patient data.

20BME32 MEDICAL INFORMATICS 
L T P C 

3 0 0 3 

Nature of course Professional Elective 
Pre requisites Nil 

CO 2 Comprehend the applications of an electronic medical record system. 

CO 3 Apply the various aspects of health informatics and medical standards. 

CO 4 Design and develop clinical decision support systems. 
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Unit – V Bioinformatics 9 

Probabilistic Clinical Reasoning - Medical Knowledge and Decision Support - Methods for decision
support - Clinical decision-support systems - Strategies for medical knowledge acquisition -
Predictive tools for clinical decision support. 
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Text Books 

1.Edward H. Shortliffe and James J. Cimino, “Biomedical Informatics: Computer Applications in
Health Care and Biomedicine (Health Informatics)”, 2014, 4th edition, Springer, New York.
Reference Books 

1.Rastogi, “Bioinformatics: Methods and Applications: Genomics, Proteomics and Drug Discovery”,
2013, 1st edition, Prentice Hall, New Delhi.
Additional / Web References 

Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 2 2 2 2 
CO2 3 2 2 2 2 
CO3 3 3 2 2 3 
CO4 3 3 2 2 3 
CO5 3 3 2 2 3 

3 High 2 Medium 1 Low 

Formative assessment 

Bloom’s Level Assessment Component Marks 
Total 
marks 

Analyze Classroom or Online Quiz 5 
20 

Understand Assignment 15 

Summative Assessment 

Bloom’s Category 

Continuous Assessment Tests 

Terminal Examination (60) IAE-1 

(7.5) 
IAE-2 

(7.5) 
IAE-3 

(10) 

Remember 5 5 5 10 
Understand 5 5 5 20 

Apply 20 20 20 30 

Analyze 20 20 20 40 

Evaluate 0 0 0 0 

Total : 45 Periods 

Introduction to Bioinformatics- Biological information resources - Genome sequence acquisition and
analysis - Retrieval of biological data - Data acquisition – databases - structure and annotation -
Data mining and data characteristics. 
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Course Outcomes 

On successful completion of the course, students will be able to 

CO. No 

CO 1 

CO 2 

Course Outcome 

Evaluate the main databases at the NCBI and EMBL-EBI resources.
Compare the databases, tools, repositories and be able to use each one
to extract specific information. 

Bloom's 

Level 

Understand 

Apply 

Apply 

CO 5 Evaluate the main databases at the NCBI and EMBL-EBI resources. 

Apply 

Understand 

Course Objectives 

1. Apply basic knowledge of various computational algorithms on areas of applications in
bioinformatics.
2. Analyze common problems in bioinformatics, alignment techniques, ethical issues, public data

sources and evolutionary modelling.
3. Discover the practical use of tools for specific bioinformatic areas.
4. Apply knowledge of bioinformatics in a practical project.

Course Contents 

Unit – I Introduction to Bioinformatics 9 

Unit – II Sequence Alignment 9 

Alignment of pairs of sequences, Introduction - Definition of sequence alignment, Methods ‐ Dot
matrix sequence comparison. Similarity Searches on Sequence Databases - FASTA and BLAST. 

Unit – III Pairwise Sequence Alignment 9 

Unit –IV Multiple Sequence Alignment 9 

Dynamic programming, progressive methods, Iterative methods, MSA using CLUSTAL W, PILEUP
and CLUSTAL X, purpose and applications of multiple sequence alignment, phylogenetic trees. 

Unit – V Scoring Matrices 9 

Total : 45 Periods 

Similarity searches ‐ PAM and BLOSUM matrix, Dayhoff mutation matrix, construction of PAM and
BLOSUM matrix. Differences between PAM & BLOSUM. 

Dynamic programming algorithm for sequence alignment – Global Alignment: Needleman-
Wunsch, Local Alignment: Smith-Waterman, Gap penalty, Assessing the significance of an
Alignment. 

Scope and applications of bioinformatics, Evolutionary Basis - Sequence Homology, Sequence
Identity, Sequence Similarity, Biological databases – File formats. 

Create 0 0 0 0 

20BME34 BIOINFORMATICS AND DRUG DESIGN 
L T P C 

3 0 0 3 

Nature of course Professional Core 
Pre requisites 

CO 3 Demonstrate the selected tools at NCBI and EBI to run simple analyses
on genomic sequences. 

CO 4 Develop the ability for critical
publications in bioinformatics. 

assessment of scientific research 
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Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 2 2 2 2 
CO2 3 2 2 2 2 
CO3 3 3 2 2 3 
CO4 3 3 2 2 3 
CO5 3 3 2 2 3 

3 High 2 Medium 1 Low 

Formative assessment 

Bloom’s Level Assessment Component Marks 
Total 
marks 

Analyze Classroom or Online Quiz 5 
20 

Understand Assignment 15 

Summative Assessment 

Bloom’s Category 

Continuous Assessment Tests 

Terminal Examination (60) IAE-1 

(7.5) 
IAE-2 

(7.5) 
IAE-3 

(10) 

Remember 5 5 5 10 
Understand 5 5 5 20 

Apply 20 20 20 30 

Analyze 20 20 20 40 

Evaluate 0 0 0 0 

Create 0 0 0 0 

Text Books 

1. Bioinformatics and Functional Genomics by Pevsner J, 3rd Ed., 2019.
2. Introduction to Bioinformatics by Arthur M. Lesk, 2014

Reference Books 

1. Artificial Neural Networks: Methods and Applications (Methods in Molecular Biology) by David J.
Livingstone, 2011.
Additional / Web References 
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Course Outcomes 

On successful completion of the course, students will be able to 

CO. No 

CO 1 

Course Outcome 

Understand need and concepts of rehabilitation engineering in
general. 

Bloom's 

Level 

Understand 

CO 3 Identify the key components and design of universal accessibility. 

CO 5 Design manual and power wheelchair 

Understand 

Apply

Analyze 

Apply 

Course Objectives 

1. To understand the rehabilitation concepts and Rehabilitation team members for future
development and applications.

2. To study various Principles of Rehabilitation Engineering.
3. To understand different types of Therapeutic Exercise Technique.
4. To study the various orthotic devices and prosthetic devices to overcome orthopaedic

problems.
5. To understand the development of wheel chair concepts

Course Contents 

Unit – I Engineering Concepts in Rehabilitation Engineering 9 

Unit – II Sensory Rehabilitation Engineering 9 

Sensory augmentation and substitution, visual system, visual augmentation, tactual 
vision substitution, and auditory vision substitution. Auditory system: auditory augmentation, 
audiometer, hearing aids, cochlear implantation, visual auditory substitution, tactual auditory 

substitution. Tactual system: tactual augmentation, tactual substitution. 
Unit – III  Universal Design and Accessibility 9 

Unit –IV Orthopaedic Prosthetics and Orthotics 9 

Design Considerations, Total Quality Management in Rehabilitation Engineering, Steel
as a Structural Material, Aluminium for Assistive Technology Design, Use of Composites for
Assistive Technology Design, Design with Engineering Materials, Fabrication, Basic Electric
Circuits. Barrier-Free Design, Elemental Resource Model, Factors Affecting Barrier-Free Design,
Interior Space Design, Design for People with Disabilities, Accessible Transportation 

Anthropometry: methods for static and dynamic measurements. Area measurements- 
measurement of characteristics and movement, measurement of muscular strength and
capabilities. Measurement tools and processes in rehabilitation engineering: fundamental
principles, structure, function. Measurement systems for performance and behaviour. 

STREAM-3 BIOENGINEERING (BE) 

20BME42 REHABILITATION ENGINEERING 
L T P C 

3 0 0 3 

Nature of course Professional Elective 
Pre requisites Nil 

CO 2 Understand the concept of mobility and functioning of sensory
augmentation. 

CO 4 Analyse the design of orthotics and prosthetics of upper and lower
extremities. 
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Text Books 

1. Bronzino, Joseph, “Handbook of Biomedical Engineering”, 2nd ed., CRC Press, 2006.
2. Robinson C.J, Rehabilitation Engineering, CRC press, 1995.
3. Rory A Cooper, An introduction to Rehabilitation Engineering, Taylor & Francis, CRC Press,

2006)

Reference Books 

1. H N Teodorecu, L.C.Jain, Intelligent Systems and Technologies in Rehabilitation
Engineering, CRC, 2000.

2. Etienne Grandjean, H. Oldroyd, Fitting the task to the man, Taylor & Francis, 1988

Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 2 2 2 2 
CO2 3 2 2 2 2 
CO3 3 3 2 2 3 
CO4 3 3 2 2 3 
CO5 3 3 2 2 3 

3 High 2 Medium 1 Low 

Formative assessment 

Bloom’s Level Assessment Component Marks 
Total 
marks 

Analyze Classroom or Online Quiz 5 
20 

Understand Assignment 15 

Unit – V Wheel chair Safety Standards and Testing 9 

Categories of wheel chairs, wheel chair structure and component design – materials, 
frame design, wheels and casters. Ergonomics- wheel chair propulsion- kinetics, kinematics, net 
joined forces and movements, power wheel chair electrical systems- user interface, integrated 

control, power systems. Electromagnetic compatibility, Personal transportation- vehicle selection, 
lift mechanisms, wheel chair restraint mechanisms, hands controls 

Total : 45 Periods 

Upper-Extremity Prostheses, Upper-Extremity Orthoses, Lower-Extremity Prostheses,
Lower-Extremity Orthoses, Functional Neuromuscular Stimulation, Ambulation Aids, Aids to Daily
Living 
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Summative Assessment 

Bloom’s Category 

Continuous Assessment Tests 

Terminal Examination (60) IAE-1 

(7.5) 
IAE-2 

(7.5) 
IAE-3 

(10) 

Remember 5 5 5 10 
Understand 5 5 5 20 

Apply 20 20 20 30 

Analyze 20 20 20 40 

Evaluate 0 0 0 0 

Create 0 0 0 0 
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Course Objectives 

1. To learn the fundamentals of tissue engineering and tissue repairing
2. To acquire knowledge on clinical applications of tissue engineering
3. To understand the basic concept behind tissue engineering focusing on the stem cells,
biomaterials and its applications
Course Outcomes 

On successful completion of the course, students will be able to 
Bloom's 

Level 

Understand 

CO 2 

CO 3 

CO 4 
CO 5 

Identify sources of cells, bioactive molecules and materials 
Design and develop scaffolds using conventional and advanced
fabrication methods 
Evaluate biological outcomes of tissue engineering strategies 
Describe the regulatory aspects to commercialize products 

Apply 

Apply 

Apply
Understand 

20BME43 TISSUE ENGINEERING 
L T P C 

3 0 0 3 

Nature of course Professional Elective 
Pre requisites Nil 

CO. No Course Outcome 

CO 1 Multidisciplinary aspects in tissue engineering to solve healthcare
problems 

Course Contents 

Unit – I Introduction and History 9 

Unit – II Tissue Architecture 9 

Tissue types and Tissue components,Tissue repair,Engineering wound healing and sequence of
events. Basic wound healing Applications of growth factors.scopesuse in therapeutics, cells as
therapeutic agents, cell numbers and growth rates, measurement of cell characteristics
morphology, numberviability,motility and functions. Measurement of tissue characteristics,
appearance, cellular component,ECM component, mechanical measurements and physical
properties. 
Unit – III  Morphogenesis &Cell source 9 

Morphogenesis and organ development in human; repair and regeneration; cell sources; stem cells
and its types; Differentiation, differentiation and trans-differentiation; Intercellular communication- 
gap junctional and microvescular; Cell aggregation; adhesion dependence; Role of ECM in term of
decellularizedallo-/xeno-genic tissues in tissue engineering 
Unit –IV Scaffolds and bioreactors 9 

Classification of scaffold materials, criteria for ideal scaffold, various types of scaffolds, various
types of bioreactor configurations for cell cultures and advantages/disadvantages of the same.
Definition, 3- dimentionality; porosity and pore-size; fabrication technology: conventional (such as
Solvent-casting particulate-leaching Gas foaming, electrospinning, fiber meshes/ fiber bonding,
phase separation, freeze drying, solution casting) and solid free form technology (such as
stereolithography, 3D printing, fused deposition modeling, phase-change jet printing) 

Unit – V 
Biomaterials and Transplantation of Engineered Cells and Tissues 

9 

Introduction to tissue engineering: Basic definition; current scope of development; Tissue and organ
banking; limitations of banking; types of tissues; organ and tissue culture invitro; origin of tissue
engineering; history (with respect to artificial skin); 
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Definition, ideal properties and types; biomimetics; Properties like -- mechanical property, 
wetability, biodegradability and surface property; Types -- polymeric (natural and synthetic), nano- 
materials, ceramic, composites, hydrogels and metallic 
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Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 2 2 2 2 
CO2 3 2 2 2 2 
CO3 3 3 2 2 3 
CO4 3 3 2 2 3 
CO5 3 3 2 2 3 

3 High 2 Medium 1 Low 

Formative assessment 

Bloom’s Level Assessment Component Marks 
Total 
marks 

Analyze Classroom or Online Quiz 5 
20 

Understand Assignment 15 

Summative Assessment 

Bloom’s Category 

Continuous Assessment Tests 

Terminal Examination (60) IAE-1 

(7.5) 
IAE-2 

(7.5) 
IAE-3 

(10) 

Remember 5 5 5 10 
Understand 5 5 5 20 

Apply 20 20 20 30 

Analyze 20 20 20 40 

Evaluate 0 0 0 0 

Create 0 0 0 0 

Total : 45 Periods 

Text Books 

1. Principles of Tissue Engineering, 4th Edition Robert Lanza, Robert Langer, Joseph P.
Vacanti, Academic Press; 4 edition (2015)

2. 3D Bioprinting and Nanotechnology in Tissue Engineering and Regenerative Medicine Lijie
Grace Zhang John Fisher Kam Leong, 1st Edition Academic Press (2015)

Reference Books 

1. Ravi Birla, (2014) Introduction to Tissue Engineering: Applications and Challenges,
WileyIEEE Press.

2. Robert A. Brown, (2012) Extreme Tissue Engineering: Concepts and Strategies for tissue
fabrication, Wiley Blackwell

Additional / Web References 
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Lab-On-a-Chip Platforms and Components – Fluidic Platforms-Pressure driven, Capillary flow,
Segmented flow, Electrokinetics, Electrowetting on Dielectrics (EWOD), Centrifugal Microfluidics;
Components of LoC Systems- Microvalves, Micropumps-mechanical (membrane type) and
nonmechanical (electrical-electroosmosis, electrophoretic, DEP, EHD), Micromixers, Filters,
Sensors. 

20BME49 BIOMEMS AND LAB-ON-CHIP 
L T P C 

3 0 0 3 

Nature of course Professional Core 
Pre requisites Nil 

Course Objectives 

1. Introduce the historical background of evolution of MEMS and Microsystems and their
applications and highlight the scaling effects in miniaturizing devices.
2. Educate on the rudiments of various materials and fundamental concepts used in MEMS and
microfluidics fabrication
3. Comprehend various fluidic systems in LoC devices and identify their usage in development of
various electrochemical biosensors, paper-based microfluidics and chemical analysis.
Course Outcomes 

On successful completion of the course, students will be able to 

CO. No Course Outcome 
Bloom's 

Level 

CO 1 Introduced the historical background of evolution of MEMS and
Microsystems with the scaling effects on different Physical domains. Understand 

CO 2 Rudiments of scaling laws in MEMS. Apply

Apply 

Apply 

Apply 

Course Contents 

Unit – I Introduction to MEMS 9 

Unit – II Scaling Laws in MEMS 9 

Unit – III  Materials for MEMS and Microfabrication Technology 9 

Substrates and wafers, Silicon and Silicon compounds, Polymers (SU8, PDMS), Thin film coating:
PVD, CVD, Photolithography, Lift-off technique, Etching, Bulk micro machining, Surface micro
machining, LIGA process. 
Unit –IV Microfluidics: Theory and Fabrication 9 

Unit – V Fluidic Systems of Lab-on-Chip devices 9 

Total : 45 Periods 

Basic Microfluidics Theory: Fluidic parameters, Equation of motion, Transport modes in microfluidic
systems; Micromachining of silicon, glass, rigid and soft polymers for micro total analysis systems,
Soft Lithography: Molding Technology. Surface chemistry in polymer microfluidic system. 

Introduction to Scaling, Scaling in Geometry-Scaling in Rigid, Body Dynamics, Scaling in
Electrostatic Forces, Scaling in Electromagnetic Forces, Scaling in Heat Transfer, Scaling in Fluid
Mechanics/ Microfluidics. 

Historical background of Micro Electro Mechanical Systems-Types of MEMS devices-Applications
of MEMS in healthcare industry, Microsystems and Miniaturization. 

CO 3 Comprehensive understanding of basic Silicon and polymer materials
and its fabrication techniques. 

CO 4 Highlight with various Fluidic systems for complete microfluidic device
development. 

CO 5 Acquaint with various techniques of developing electrochemical LoC
biosensors 
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Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 2 2 2 2 
CO2 3 2 2 2 2 
CO3 3 3 2 2 3 
CO4 3 3 2 2 3 
CO5 3 3 2 2 3 

3 High 2 Medium 1 Low 

Formative assessment 

Bloom’s Level Assessment Component Marks 
Total 
marks 

Analyze Classroom or Online Quiz 5 
20 

Understand Assignment 15 

Summative Assessment 

Bloom’s Category 

Continuous Assessment Tests 

Terminal Examination (60) IAE-1 

(7.5) 
IAE-2 

(7.5) 
IAE-3 

(10) 

Remember 5 5 5 10 
Understand 5 5 5 20 

Apply 20 20 20 30 

Analyze 20 20 20 40 

Evaluate 0 0 0 0 

Create 0 0 0 0 

Text Books 

1. Tai-Ran Hsu, “MEMS & Microsystem, Design and manufacture”, 2017, 1st Edition, McGraw Hill,
New York
2. Marc J. Madou, “Fundamentals of Microfabrication: The Science of Miniaturization”, 2012, 2nd
edition, CRC Press, Florida, USA.
3. Jaime Castillo-León, Winnie E. Svendsen (eds.) “Lab-on-a-Chip Devices and Micro-Total
Analysis Systems_ A Practical Guide”, 2015, Springer International Publishing
Reference Books 

1. Gary S. May and Simon Sze, “Fundamentals of semiconductor fabrication”, 2010, 1st edition
John Wiley & Sons, New Jersey, USA.
2. Francis E. H. Tay, “Microfluidics and Biomems application”, 2013, 1st Edition, Springer, Berlin.
3. Albert Folch, “Introduction to Biomems”,2016, 1st Edition, CRC Press, Florida.
4. Edwin Oosterbroek and Albert van den Berg, “Lab-on-a-Chip: Miniaturized Systems for (Bio)
Chemical Analysis and Synthesis”, 2011, 1st edition, Elsevier Science, Amsterdam, Netherlands.
Additional / Web References 
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Course Outcomes 

On successful completion of the course, students will be able to 

CO 2 
CO 3 
CO 4 

CO 5 

Apply different mathematical techniques to analyze a system.
Comprehend the various nonlinear modelling approaches. 
Understand the neuronal membrane dynamics. 
Apply the procedures for testing, validation and interpretation
physiological models. 

of 

Bloom's 

Level 

Understand 

Apply
Apply

Understand 

Apply 

Course Objectives 

1. To introduce the basic system concepts and differences between an engineering and
physiological control systems.
2. To acquaint students with different mathematical techniques applied in analysing a system and
the various types of nonlinear modelling approaches.
3. To teach neuronal membrane dynamics and to understand the procedures for testing, validation
and interpretation of physiological models.
4. To study the cardiovascular model and apply the modelling methods to multi input and multi
output systems.

Course Contents 

Unit – I System Modeling in Physiology 9 

Unit – II Physiological Modeling 9 

Unit – III Nonlinear Modeling 

System Identification, Model Specification, 
9 

Model estimation. Types of nonlinear modeling 
approaches. Non parametric modeling. Volterra and Wiener models. Volterra Kernels. Modeling
the vertebrate retina. Analysis of estimation errors. 

Unit –IV Modeling of Neuronal Systems 9 

A general model of the nerve membrane - Action potential and synaptic dynamics - Functional 
integration in the single neuron -Neuronal systems with point process inputs - Conduction in nerve 

fibres - Voltage clamp experiment - Hodgkin Huxley (H-H) model - Circuit analog of the H-H nerve 

membrane model. 
Unit – V Systems Identification in Physiology 9 

System characteristics -System parameters - System functional properties -Input characteristics - 
Experimental considerations -Data preparation -Data consolidation -Model specification and 

estimation tasks - Model validation and interpretation. 

Deductive and Inductive modeling - Characteristics of a reliable physiological model - Modeling a
simple reflex - Mathematical modeling. 

The problem of system modeling in physiology - Need for modeling - Conceptual and mathematical
models – Modeling - experiments and simulation - Feedback control systems - Difference between
engineering and physiological control systems. 

20BME51 PHYSIOLOGICAL SYSTEM MODELING 
L T P C 

3 0 0 3 

Nature of course Professional Core 
Pre requisites Nil 

CO. No Course Outcome 

CO 1 Understand the basic system concepts and differences between an
engineering and physiological control systems. 
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Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 2 2 2 2 
CO2 3 2 2 2 2 
CO3 3 3 2 2 3 
CO4 3 3 2 2 3 
CO5 3 3 2 2 3 

3 High 2 Medium 1 Low 

Formative assessment 

Bloom’s Level Assessment Component Marks 
Total 
marks 

Analyze Classroom or Online Quiz 5 
20 

Understand Assignment 15 

Summative Assessment 

Bloom’s Category 

Continuous Assessment Tests 

Terminal Examination (60) IAE-1 

(7.5) 
IAE-2 

(7.5) 
IAE-3 

(10) 

Remember 5 5 5 10 
Understand 5 5 5 20 

Apply 20 20 20 30 

Analyze 20 20 20 40 

Evaluate 0 0 0 0 

Create 0 0 0 0 

Total : 45 Periods 

Text Books 

Reference Books 

1. Suresh Devasahayam, “Signal Processing and Physiological Systems Modeling”, 2013, 1st
edition, Springer, New York.
2. Joseph D. Bronzino and Donald R. Peterson, “The Biomedical Engineering Handbook”, 2015, 4

thedition, CRC Press, Florida.

1. Michael C.K. Khoo, “Physiological Control Systems: Analysis, Simulation and
Estimation,”2011, 1st edition, Prentice Hall of India, New Delhi.
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Course Objectives 

The course is intended to 
1. Introduce virtual instrumentation concepts and applications
2. Understand the programming principles in virtual instrumentation using LabVIEW
3. Train to program virtual instrumentation software for biomedical applications

Course Outcomes 

On successful completion of the course, students will be able to 

CO. No 

CO 1 

CO 3 

Course Outcome 

Explain the graphical programming and textural programming in virtual
instrumentation using LabVIEW environment 
Demonstrate the programming principles in virtual instrumentation
using LabVIEW 
Develop the programming in LabVIEW using loops and structures
Develop the configuration of data acquisition system using the Analog
and digital hardwares. 
Apply virtual instrumentation concept for signal processing, image 
processing, mechanical and embedded system applications 

Bloom's 

Level 

Understanding 

Analyzing

Applying 

Applying 

CO 5 Applying 

CO 4 

CO 2 

Unit – II Programming Principles 9 

Creating simple VI- Data Types-Numeric, String, Boolean-Mechanical Operation of 
Boolean, Arrays, Clusters, Waveforms graphs and waveform charts - Array Functions- Cluster
Functions- Debugging Techniques, Documentation, Context Help Window-Sub VI-Creation 
Unit – III  Loops and Structures 9 

FOR – WHILE loop - Case, Sequence, event structures- Formula nodes- local and global 
variables 

Unit –IV  Data Acquisition System 9 

Instrument control – GPIB – VISA – instrument drivers-serial port communication. Data
Acquisition: Review of Transducer and Signal conditioning, DAQ hardware- Analog inputs – Analog
outputs- Digital I/O- DAQ assistant and configurations 

20BME52 
VIRTUAL INSTRUMENTATION L T P C 

3 0 0 3 

Nature of course Professional Elective 
Pre requisites Nil 

Unit – V Applications of Virtual Instrumentation 9 

Total : 45 Periods 

Signal Processing and Analysis, Image acquisition and processing–Biomedical Startup
Kit–Motion control–Control Design and Simulation Tools –Simulation Interface Toolkit –Embedded
Module –GSD Applications 

Course Contents 

Unit – I Basics of Virtual Instrumentation 9 

Introduction- Virtual Instrument versus Traditional Instrument, Advantages, Comparison
of Graphical Programming and Textual Programming-LabVIEW environment: Front Panel, Block
Diagram, Data Flow techniques 
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Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 2 2 2 2 
CO2 3 2 2 2 2 
CO3 3 3 2 2 3 
CO4 3 3 2 2 3 
CO5 3 3 2 2 3 

3 High 2 Medium 1 Low 

Formative assessment 

Bloom’s Level Assessment Component Marks 
Total 
marks 

Analyze Classroom or Online Quiz 5 
20 

Understand Assignment 15 

Summative Assessment 

Bloom’s Category 

Continuous Assessment Tests 

Terminal Examination (60) IAE-1 

(7.5) 
IAE-2 

(7.5) 
IAE-3 

(10) 

Remember 5 5 5 10 
Understand 5 5 5 20 

Apply 20 20 20 30 

Analyze 20 20 20 40 

Evaluate 0 0 0 0 

Create 0 0 0 0 

Text Books 

4. Jovitha Jerome “Virtual Instrumentation using labview” Prentice Hall of India, NewDelhi,
2010.

5. Sanjay Gupta and Joseph john “Virtual Instrumentation using labview principles and
practices of graphical programming”Tata McGraw Hill Education Private Limited, Second
Edition 2017.

Reference Books 

1. Gary W.Johnson and Richard Jennings, “LabVIEW Graphical Programming”, McGraw Hill,
4th Edition, New York, 2011.

2. Jeffrey Travis and Jim Kring, “LabVIEW for everyone”, 3rd edition, Dorling Kindersley, 2009.
3. John Essick “Hands-On Introduction to LabVIEW for Scientists and Engineers” illustrated,

OUP USA, 2018.
4. Lisa K. Wells “LabVIEW: User's Guide”, Prentice-Hall 1995

Additional / Web References 

http://www.ni.com/academic/students/learn-labview/ 
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Course Objectives 

The course is intended to 
1. Understand the basic concept of photonics
2. Acquire knowledge about the impact and interaction of light with biological tissue
3. Understand practical applications of optics related to medicine
4. Explore OCT and other Non-Thermal Diagnostic Applications
5. Exemplify photonics and its therapeutic applications

Course Outcomes 

On successful completion of the course, students will be able to 

Course Outcome 

CO 1 

CO 2 

CO 3 
CO 4 

CO 5 

Explain the basic properties of light sources 
Demonstrate knowledge of the fundamentals of optical properties of
tissues 
Describe surgical applications of laser
Understand Non-Thermal Diagnostic Applications 
Apply the concepts of laser and light to therapeutic applications with its 
safety procedures 

Bloom's 

Level 

Understanding 

Analyzing 

Understanding 

Understanding 

Applying 

CO. No 

Course Contents 

Unit – I Instrumentation in Photonics 9 

Unit – II Optical Properties of the Tissues 9 

Unit – III Surgical Applications of Lasers 9 

Lasers in ophthalmology-Dermatology–Dentistry-Urology-Otolaryngology-Tissue 
welding 
Unit –IV Non-Thermal Diagnostic Applications 9 

Optical coherence tomography, Elastography, Laser Induced Fluorescence (LIF)- 
Imaging, FLIM Raman Spectroscopy and Imaging, FLIM–Holographic and speckle application of 
lasers in biology and medicine 
Unit – V  Therapeutic Applications 9 

Phototherapy, Photodynamic therapy (PDT)-Principle and mechanism-Oncological and 

non-oncological applications of PDT - Biostimulation effect – applications-Laser Safety Procedures 

Total : 45 Periods 

Light transport inside the tissue, optical properties of tissue. Laser Characteristics as
applied to medicine and biology-Laser tissue Interaction-Chemical, Thermal, Electromechanical.
Photo ablative processes 

Review of basic properties of light–Reflection, Refraction, Scattering, fluorescence and
Phosphorescence-Instrumentation for absorption, Scattering and emission measurements,
excitation light sources–high pressure arc lamp, LEDs, Lasers. Optical filters. Optical detectors-
Time resolved and phase resolved detectors, optical tweezers. 

20BME53 MEDICAL OPTICS 
L T P C 

3 0 0 3 

Nature of course Professional Elective 
Pre requisites Medical Physics 
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Mapping of Course Outcomes (COs) with Programme Outcomes (POs) Programme Specific 
Outcomes (PSOs) 

COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 2 2 2 2 
CO2 3 2 2 2 2 
CO3 3 3 2 2 3 
CO4 3 3 2 2 3 
CO5 3 3 2 2 3 

3 High 2 Medium 1 Low 

Formative assessment 

Bloom’s Level Assessment Component Marks 
Total 
marks 

Analyze Classroom or Online Quiz 5 
20 

Understand Assignment 15 

Summative Assessment 

Bloom’s Category 

Continuous Assessment Tests 

Terminal Examination (60) IAE-1 

(7.5) 
IAE-2 

(7.5) 
IAE-3 

(10) 

Remember 5 5 5 10 
Understand 5 5 5 20 

Apply 20 20 20 30 

Analyze 20 20 20 40 

Evaluate 0 0 0 0 

Create 0 0 0 0 

Text Books 

1. Markolf H.Niemz, “Laser-Tissue Interaction Fundamentals and Applications”, Springer,
2007.

2. Paras N. Prasad, “Introduction to Bio photonics”, A. John Wiley and sons, Inc. Publications,
2003.

Reference Books 

Additional / Web References 

1. Tuan Vo Dinh, “Biomedical photonics – Handbook”, CRC Press LLC, 2003.
2. Mark E. Brezinski, “Optical Coherence Tomography: Principles and Applications”, Academic

Press, 2006.
3. R. Splinter and B.A. Hooper, “An Introduction to Biomedical Optics”, Taylor and Francis,

2007.
4. Helena Jelinkova, “Lasers for Medical Applications: Diagnostics, Therapy and Surgery’’,

Woodhead Publishing, 1st Edition, 2013.
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20BMO04 Healthcare Data Analytics 
L T P C 

3 0 0 3 

Nature of course Open Elective 

Prerequisites Basic Statistics and Probability 

Course Objectives 

 The course is intended to 

1. Explore the key components of healthcare analytics systems that enable healthcare
organizations (HCOs) and analytics strategy techniques

2. Gain the basic knowledge about sources of medical-related data and various components of

Electronic Health Records (EHR)

3. Describe how to create an SPSS data file for statistical analysis and how to manage missing

data points

4. Learn how to conduct parametric or non-parametric test

5. Learn when to use an analysis of variance (ANOVA) test and how to build a multivariate

analysis of covariance (ANCOVA) model.

Course Outcomes 

 On successful completion of the course, students will be able to 

CO. No Course Outcome 
Bloom's 

Level 

CO 1 Describe the various components of healthcare analytics systems Understanding 

CO 2 
Explain the various sources of medical data and Electronic Health 

Records. 
Understanding 

CO 3 Create data-file for statistical analysis using SPSS software Apply 

CO 4 Perform parametric and non-parametric tests using SPSS software Apply 

CO 5 Conduct ANOVA test and bale to build ANCOVA model. Apply 

Course Contents 

Unit – I Fundamentals of Healthcare Analytics 9 

Fundamental objective of healthcare analytics, Analytics Capabilities for Quality and 
Performance Improvement, Components of Healthcare Analytics, Analytics Strategy Framework, 
with a Focus on Quality/Performance Improvement, Developing an Analytics Strategy, and 
Applications of Healthcare Analytics. 

Unit – II Healthcare Data Sources and Basic Analytics 9 

Types and sources of medical-related data, medical Electronic Health Records-
Components-Benefits-Challenges of Using EHR Data- Coding Systems, International Classification 
of Diseases (ICD), Current Procedural Terminology (CPT), International Classification of 
Functioning, Disability, and Health (ICF), Barriers to Adopting HER data, Phenotyping Algorithms. 

Unit – III Introduction to Medical Statistics 9 

Introduction to SPSS, creating an SPSS data file, Hypothesis testing, and P values, SPSS data 

management capabilities, Managing SPSS output, SPSS help commands, Golden rules for 

reporting numbers, Parametric, and non-parametric statistics, transforming skewed variables,

Reporting descriptive statistics. 

Unit – IV parametric or non-parametric statistical tests 9 

Comparing the means of two independent samples, One- and two-sided tests of significance, Effect 
sizes, Study design, Influence of sample size, Two-sample t-test, Confidence intervals, Reporting 
the results from two-sample t-tests, Rank-based non-parametric tests. 

Unit – V Analysis of variance 9 

Building ANOVA and ANCOVA models, ANOVA models, One-way analysis of variance, Effect size 

for ANOVA, post-hoc tests for ANOVA, Reporting the results of a one-way ANOVA, Factorial 

ANOVA models, an example of a three-way ANOVA, Analysis of covariance (ANCOVA), Testing the 

model assumptions of ANOVA/ANCOVA. 

Total: 45 Periods 

B.E Biomedical Engineering(R-2020)
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Text Books 

1. Trevor L. Strome, “Healthcare Analytics for Quality and Performance Improvement”, Wiley
and Sons 2013.

2. Chandan K. Reddy and Charu C. Aggarwal, Healthcare Data Analytics, CRC Press, 2015.
3. Belinda Barton, Jennifer Peat “Medical Statistics A Guide to SPSS, Data Analysis and

Critical Appraisal”, Wiley Blackwell, 2014

Reference Books 

4. Kun Chang Lee, Sanjiban Sekhar Roy, Pijush Samui, Vijay Kumar Data Analytics in
Biomedical Engineering and Healthcare, Academic Press, 2021

5. Christo El Morr, Hossam Ali-Hassan Analytics in Healthcare: A Practical Introduction,
Springer 2019

Additional / Web References 

1. https://www.youtube.com/watch?v=zMdPAwXX8M&list=PLtkf1CzQAYcE6Ob6Yv6PLFQFIhvR7nWl8

2. https://www.udemy.com/course/spss-for-research/

Mapping of Course Outcomes (COs) with Programme Outcomes (POs) and Programme 
Specific Outcomes (PSOs) 

COs 
POs PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 

CO 1 3 1 2 1 2 2 1 2 

CO 2 3 1 2 1 2 2 1 2 

CO 3 3 3 3 1 3 2 2 2 1 2 

CO 4 3 3 3 1 3 2 2 2 1 2 

CO 5 3 3 3 1 3 2 2 2 1 2 

3 High 2 Medium 1 Low 

Formative assessment 

Bloom’s 
Level 

Assessment Component Marks 
Total marks 

Remember Online Quiz 5 

15 
Understand Tutorial Class / Assignment 5 

Attendance 5 

Summative Assessment 

Bloom’s Category 

Internal Assessment Examinations 

Final Examination (60) 
IAE – 1 (5) IAE – 2 (10) IAE – 3 (10) 

Remember 10 10 10 20 

Understand 10 10 10 20 

Apply 30 30 30 60 

Analyze 

Evaluate 

Create 

B.E Biomedical Engineering(R-2020)
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Stream -2 Health Care Systems (HCS) 

20BME21 Human Assist Devices 
L T P C 

3 0 0 3 

Nature of course Professional Electives 

Pre requisites Biosensors and Biomedical Instrumentation 

Course Objectives 

 The course is intended to know the principle, design and application of various human assist 

devices which includes extracorporeal devices, artificial heart, cardiac assist devices, artificial 

kidney and hearing aids. Additionally, a brief introduction to design aspects of prosthetic and 

orthotic devices for the disability including sensory augmentations and substitutions. 

Course Outcomes 

 On successful completion of the course, students will be able to 

CO. No Course Outcome 
Bloom's 

Level 

CO 1 
Interpret the various mechanical techniques that will help in assisting 

the heart functions 
Understanding 

CO 2 Explain the working principles and parameters of the dialysis unit Understanding 

CO 3 Indicate the methodologies to assess the hearing loss. Understanding 

CO 4 
Infer the various orthotic devices and prosthetic devices to overcome 

orthopedic problems 
Understanding 

CO 5 Discuss the sensory impairments and its substitutions Understanding 

Course Contents 

Unit – I Cardiac Assist Devices 9 

Principle of External counter pulsation techniques, intra-aortic balloon pump, Cardiac 
catheterization, cardio pulmonary resuscitation, prosthetic heart valves. 

Unit – II Hemodialyzers 9 

Artificial kidney, Dialysis action, hemodialyzer unit, membrane dialysis, portable dialyzer 
monitoring and functional parameters 

Unit – III Hearing Aids 9 

Common tests – audiograms, air conduction, bone conduction, masking techniques, SISI, 
Hearing aids – principles, drawbacks in the conventional unit, DSP based hearing aids. 

Unit – IV Prosthetic And Orthotic Devices 9 

Hand and arm replacement – different types of models, externally powered limb 
prosthesis, feedback in orthotic system, functional electrical stimulation, sensory assist devices 

Unit – V Sensory Augmentation and Substitutions 9 

Classification of visual impairments, Prevention and cure of visual impairments, Visual 
augmentation, Tactile vision Substitution, Auditory substitution and augmentation, Assistive device 
for visual impaired 

Total : 45 Periods 

B.E Biomedical Engineering(R-2020)
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Text Books 

1. John Webster “Encyclopedia of medical devices and instrumentation” Vol. II, III ,IV,V ,

Wiley –

2. D.S. Sunder, “Rehabilitation Medicine”, 3rd Edition, Jaypee Medical Publication, 2010.

Reference Books 

1. Paul A. Iaizzo “Hand book of cardiac Anatomy, Physiology and Devices” Second Edition,

Springer.

2. Jeffrey H. Shuhaiber, “Ventricular assist devices” Intech publications

Additional / Web References 

1. https://www.youtube.com/watch?v=1mu6C288ZQ8, “Mechanical circulatory support” by

Dr.Arie Blitz MD – Harrington – Mclaughlin heart and vascular institute, University

hospitals.

2. https://www.youtube.com/watch?v=fKlY2SKi_dk,“ Hemodialysis” Dr.Kevin Nash , Well

bound of Evanston in Skokie, Illinois.

Mapping of Course Outcomes (COs) with Programme Outcomes (POs) and Programme 
Specific 
Outcomes (PSOs) 

COs 

Pos PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO1 3 2 2 2 2 

CO2 3 2 2 2 2 

CO3 3 3 2 2 3 

CO4 3 3 2 2 3 

CO5 3 3 2 2 3 

3 High 2 Medium 1 Low 

Formative assessment 

Bloom’s Level Assessment Component Marks 
Total 
marks 

Attendance 5 
15 

Understand Assignment 10 

Summative Assessment 

Bloom’s Category 

Continuous Assessment Tests 

Terminal Examination (60) IAE-1 
(5) 

IAE-2 
(10) 

IAE-3 
(10) 

Remember 5 5 5 10 

Understand 5 5 5 20 

Apply 20 20 20 30 

Analyze 20 20 20 40 

Evaluate 0 0 0 0 

Create 0 0 0 0 

B.E Biomedical Engineering(R-2020)
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