
 

M.TECH: MEDICAL DIAGNOSTICS AND DEVICES 

(Course scheme and curriculum) 

 

Vision of the Institute 

• To attain a distinct identity for the Institute through technology innovation, knowledge creation 

and dissemination for the benefit of the society. 

Mission of the Institute 

• To nurture an ecosystem for continuous enhancement of value-based teaching and learning 

process in the emerging areas of technology. 

• To train quality human and knowledge resources in the service of society. 

• To develop sustainable products and technologies. 

 

Vision and Mission of the Department 

Vision  

• To provide quality teaching with a strong core science concept and an application-oriented 

undergraduate and postgraduate education along with solid foundation in the rapidly expanding 

fields of biotechnology that enable them to produce high quality professionals. This includes 

trans-disciplinary teaching and research.  

• Our goal is to provide students with a sound knowledge and understanding of current theories, 

concepts and laboratory practices in biotechnology.  

Mission  

• To generate high quality engineering professionals by offering B.Tech., M.Tech. and PhD 

programmes in Biotechnology and related disciplines. 

• To develop a premier biotechnology teaching and research department to cater the needs and 

challenges of the region and the country.  

 

 

 

 

 



 

Mapping of the Departmental Vision and Mission with the Institute Vision and Mission 

A. Mapping institute vision with departmental vision statement 

 
Institute Vision 

Department Vision   Establishing unique 

identity  

Technology 

innovation  

Knowledge creation and 

dissemination for the 

benefit of the society 

Provide quality 

teaching with a strong 

core science concept  

✔    ✔    ✔    

Application oriented 

UG and PG education  

✔    ✔    ✔    

Generation of high 

quality engineering 

professionals  

✔    ✔    ✔    

Imparting practical 

knowledge 

✔    ✔    ✔    

To cater the needs and 

challenges of the 

region and country  

✔    ✔    ✔    

 

B. Mapping institutional mission with Departmental mission      



 Institute mission 

Department mission   

Nurture an ecosystem for 

continuous enhancement 

of value-based teaching 

and learning process in 

the emerging areas of 

technology 

Train quality 

human and 

knowledge 

resources in the 

service of society. 

Develop sustainable 

products and 

technologies. 

Generate high quality 

professionals  

✔  ✔  ✔  

To develop a premier 

biotechnology 

teaching and research 

department  

✔  ✔  ✔  

Cater the needs and 

challenges of region 

and country  

✔  ✔  ✔  

Objectives of the Masters’ Programmes at the Motilal Nehru National Institute of 

Technology Allahabad are: (Adapted from MNNIT PG ordinance 2023-24)  

• To develop the scientific, engineering and managerial human resource of the highest quality to 

cater to the needs of the society.  

• To be a leading R & D institution. 

• To be a role model for other educational institutions in the country.  

• To provide a broad grasp of the fundamental principles of sciences, management, and 

technological methods through its curriculum,  

• To provide a deep understanding of the area of specialization.  

• To provide and create an innovative ability to solve new problems.  

• To provide a capacity to learn continually and interact with multidisciplinary groups.  

• To develop the students with a capacity for free and objective enquiry, courage and integrity, 

and awareness and sensitivity to the needs and aspirations of society. 

With these goals in view, the Masters’ Programmes are designed to include courses of study, 

including theory, practical, seminars, project, industry internship, thesis and any other course 

deemed fit through which a student may develop his /her conceptual, analytical, and intellectual 

skills. 

 



Program Educational Objectives (PEOs) for M.Tech (Medical Diagnostics and Devices) 

1. To ensure high-quality education and training to produce a skilled workforce that can meet the 

demands of the rapidly evolving medical technology field and foster a research and 

development ecosystem. 

2. To impart students with subject specific knowledge & skills along with critical thinking, 

analytical and realistic approach to meet challenges in medical device/diagnostics sector. 

3. To provide comprehensive knowledge based professional and research training for acquiring 

professional competence to serve the needs of industry and society. 

4. To inculcate research ethics, team spirit and human values while being aware of advances at 

the medical technology field along with safety measures.  

 

 

 

Program Outcomes (POs) of M.Tech. (Medical Diagnostics and Devices) 

PO1. Acquiring holistic knowledge and skills in the field of medical technology to develop and 

nurture new ideas. 

PO2.  Ability to analyse potential challenges and identify current needs of medical technology 

sector and offer pertinent solutions.   

PO3. Ability to plan and execute independent research and contribute towards growth of medical 

device sector as well as ensure employability in academics and industries in India and abroad. 

PO4. Having leadership, exceptional thinking ability and technological skill to carry out 

entrepreneurial projects.   

PO5.  Demonstrate high standards of ethics, professionalism and responsibility towards societal 

and environmental sustainability. 

 

 

 

 

 

 

 



GENERAL COURSE STRUCTURE & THEME  

 

Definition of Credit: 

 1 Hr. Lecture (L) per week  1 Credit   

 1 Hr. Tutorial (T) per week  1 Credit  

 2 Hours Practical (P) per week   1 Credit 

 

Structure of M.Tech (Medical Diagnostics and Devices) Program: To align with the goals of 

NEP 2020 and host institute scheme, the structure of M.Tech. program shall have essentially the 

following categories of courses with the breakup of credits as given:  

S.No Code Category Break up of Credits 

1 HS/SMS Humanities and Social Sciences/ School 

of Management Studies 

03 

2  BC Basic Core 27 

4  PE Professional Electives 14 

5  TH Thesis/Dissertation 32 

6  IL Industrial Lectures 02 

7 Total Credits 78 

 

 

 

 

 

 

 

 

 

 

 

 



M. Tech. (Medical Diagnostics and Devices)   

Course Structure and Evaluation Scheme   

Ist Semester (Total credits=19) 

 Course  

 Code 

Course Name L  T  P  Credits  

BT21111 

Cores 

Foundation of Human Biology for 

medical devices 

3 1 0 4 

BT21112 Principles of In vitro diagnostics-I 3 0 2 4 

BT21113 Biosensors and bioelectronics 3 0 2 4 

BT21321/322 
Electives 

Elective I  3 0  0 3 

BT21323/324 Elective II  3 0 2 4 

  Total  15 1 5 19 

 

IInd Semester (Total credits=19) 

 Course  

Code 

Course Name L  T  P  Credits  

BT22114 

Cores 

Principles of In vitro diagnostics-II  3 0 2 4 

BT22115 Basics in Design and production of 

Medical Devices  

3 1 0 4 

BT22116 Regulatory and quality 

compliances in IVD and Medical 

devices 

3 1 0 4 

BT22325/326 

Electives 

Elective III  3 0  2 4  

BT22327/328 Elective IV 3  0  0 3  

  Total  15 2 3 19 

 

 

 

 



 

III rd Semester (Total credits=20) 

 Course  

Code 

Course Name L  T  P  Credits  

BT23117 
Core 

Modern statistical tools and IPR in 

Healthcare 

3 0  0 3 

HSS/SMS/

XXXXX Elective 
HSS*/SMS elective ** / 

MOOCs/SWAYAM/Coursera 

3  0  0 3 

BT23603 
Core 

Thesis/Dissertation/Relevant industry 12 

BT23652 
Core 

Evaluation of industrial lectures  

(conducted during complete program) 

2 

   Total  9 0  2 20 

 

*/** Student may choose elective courses proposed by the HSS /SMS department in 3rd semester 

 

IV th Semester (Total credits=20) 

 Course  

Code 

Course Name Credits  

BT24604 Thesis/Dissertation/ Relevant industry 20 

  Total  20  

 

Note: Industrial Lectures of minimum 10-12 hrs in each semester will be organized. 

 

 

 

 

 

 

 

 



List of Elective Courses- Semester I 

Course   

Code 

Elective 

Basket 

 Course Name L  T  P  Credits*  

BT21321 

Elective I 

Materials in biomedical devices 3 0 0 3 

BT21322 Essentials of Cell and Molecular 

Biology  

3 0 0 3 

BT21323 

Elective II 

Basics of Biomanufacturing  

 

3 0 1 4 

BT21324 Bio-nanotechnology 3  0 1 4 

*Student must opt one elective from each basket 

List of Elective Courses-Semester II  

Course   

Code 

Elective 

Basket 

 Course Name L  T  P  Credits*

  

BT22325 

Elective 

III 

IoT and Machine Learning in IVD and 

medical devices 

3 0 1 4 

BT22326 Medical Instrumentation 3 0 1 4 

BT22327 

Elective 

IV 

Immunotechnology 3 0 0 3 

BT22328 Advanced cell and tissue engineering 3 0 0 3 

 

*Student must opt one elective from each basket 

 

 

 

 

 

 

 

 



Semester 1 

Core Courses 

 

Course Name: Foundation of Human Biology for medical devices            Code: BT21111 

Per week L-T-P: 3-1-0         

Course Objective: To impart fundamental knowledge of basic physiology of cells and organs 

systems in humans. 

Course Outcome:  

1. Having learnt the fundamental aspects of cell, tissue and their function. 

2. Having sound understanding of physiological functions of various human organ systems. 

 

Unit 1: Levels of the organization of human body, homeostasis, structure and function of 

integumentary system, skeletal system and muscular system  

 

Unit 2: Anatomy of Central Nervous System, Physiology of Nerve conduction, Blood brain 

barrier, neurotransmitter and Spinal cord, function of Sensory Organs, Functions of endocrine 

glands and their secretions 

  

Unit 3: Cardiovascular System: Composition of Blood, blood vessels structure and working of 

Heart, and electrocardiogram, Blood pressure, Lymphatic system. 

 

Unit 4: Components of respiratory system, Mechanics of Breathing, Gas transport, structure of 

physiology of digestive system; Components of urinary system, Structure of nephron and its 

function, Acid base balance.  

 

Course outcome and Programme outcome mapping 

                         Program Outcome 

 

Course Outcome 

PO1 PO2 PO3 PO4 PO5 

CO1 Y Y    

CO2 Y Y    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Course Name: Principles of In vitro diagnostics-I                                       Code: BT21112 

Per week L-T-P: 3-0-2 

Course Objective:  

• To impart theoretical and practical knowledge of working of various invitro diagnostic 

methods. 

• To make students aware of good laboratory practices and quality checks for IVDs 

Course Outcome:  

1. Acquire knowledge and skills about haematological, serological, biochemical or point of care 

tests. 

2. Learnt about trends, advancements and challenges of in vitro diagnostics. 

 

 Unit 1: Sample collection methods-collection, transport and preservation of body fluids, General 

overview of hematology tests like complete blood count, erythrocyte sedimentation rate (ESR), 

hematocrit, common microbiological tests-culture method, biochemicals tests 

Unit 2:  Biomarkers- definition, role in disease diagnosis, novel soluble factors as biomarkers, 

new biomarker discovery and validation,  

Unit 3: Immunoassays: fundamentals, classification, elements of immunoassay, assay 

development, evaluation and validation, clinical applications, Rapid point of care tests: dipsticks, 

lateral flow tests, flow through column tests; microfluidics assays, personalized medicine and 

companion diagnostics    

Unit 4: Biomedical waste management, Good laboratory practices, Quality assurance and Quality 

Control-Pre-analytical, Analytical, Post analytical of molecular diagnostic assay 

Lab experiments: 

1. Hematology tests: Estimation of total blood count, erythrocyte sedimentation rate (ESR), 

hematocrit 

2. Biochemical tests: Estimation of blood urea, creatinine, and blood sugar  

3. Demonstration of designing a sandwich and competitive assay 

4. Demonstration of calculating sensitivity, precision and accuracy of an assay. 

5. To conduct DOT ELISA and lateral flow assay using enzyme or nanoparticle as label. 

Books/learning resources: 

1. Practical Manual of Biochemistry, G. Sattanathan, S.S. Padmapriya, B. 

Balamuralikrishnan, Skyfox Press, 2020  

2. Enzyme Immunoassays-from concept to development, Edited by S.S. Deshpande, 

Springer, 1996 

3. The immunoassay Handbook: Theory and Applications of Ligand Binding, ELISA, Edited 

by David Wild, Elsevier, 2013 

4. Biomedical Product Development: Bench to Bedside, Edited by Babak Arjmand, Moloud 

Payab, Parisa Goodarzi, Springer Link, 2020 



5. Good Laboratory Practice-the Why and the How, Edited by Jürg P. Seiler, Springer, 2005 

 

Course outcome and Programme outcome mapping 

                         Program Outcome 

 

Course Outcome 

PO1 PO2 PO3 PO4 PO5 

CO1 Y Y Y   

CO2   Y Y  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Course Name: Biosensors and bioelectronics             Code: BT21113 

Per week L-T-P: 3-0-2 

Course Objective: To provide conceptual knowledge of working of various types of biosensors 

and their advancements towards better healthcare. 

Course Outcome:  

1. Acquire understanding of the architecture and function of different biosensors. 

2. Ability to conduct experiments to detect analytes in biofluids. 

3. Knowledge of emerging trends and challenges in fabricating novel biosensors. 

 

Unit 1: Biosensors- architecture, classification, basics of bioelectronics (concept of analog 

electronics and digital electronics), chemistry for functionalization of biosensor, performance 

parameters - sensitivity, selectivity, accuracy, response and recovery time, LOD, LOQ; electrolyte-

insulator-semiconductor (EIS)- structure, site binding and electrical double layer theory                                           

 Unit 2: Microresistors based biosensors, Metal - Oxide - Semiconductor (MOS)- Structure, 

Modes of operation, Metal Oxide Semiconductor Field effect Transistor (MOSFET)- Based 

Bioelectronic devices and role in sensing 

Unit 3: Ion Sensitive Field Effect Transistor (ISFET), Enzyme Field Effect Transistor (ENFET), 

Chemical Field Effect Transistor (CHEMFET), Interfacing of Biological Systems with electronic 

systems 

Unit 4:  Emerging Technologies for biosensor fabrication-Printed electronics, Printed-micro-

biosensors, flexible electronics, wearable electronics, BioMEMS: Micro pump, Micro cantilever 

beam, Micro Fluidic MEMS, Chem-Lab on a Chip, DNA Biosensors 

Lab experiments: 

1. To measure and study the basic I-V response of a a) two-terminal electronic device b) MOSFET device 

and c) two-terminal printed micro-resistor of AgNP using interactive digital source meter. 

2. To study and perform the basic cyclic voltammetry for three electrode system using electrochemical 

analyzer. 

3. To design and simulate a metal-oxide semiconductor based resistive biosensor and FET biosensor using 

TCAD. 

4. Design of patterns for fabrication of a) 2-terminal electronic devices and b) MOSFET on an oxidized 

silicon wafer using CleWin 4.0 software.  

5. Design, simulate and evaluate the I-V characteristics of Silver-ZnO-Aluminium metal-semiconductor-

metal (MSM) structure using TCAD. 

6. To design and simulate a micro-fluidic channel using COMSOL. 

 

Books/learning resources: 

1. Bioelectronics Handbook, MOSFETs, Biosensors,& Neurons, Author: Massimo Grattarola, 

Giuseppe Massobrio, Publisher: McGraw Hill, 1998 



2. Robert R. Buck, et. al, “Biosensor Technology- Fundamentals and Applications” Dekke 

Publication, New York, 1990. 

3. Advanced Semiconductor and Organic Nanotechnology; Author: H. Markov , Publisher: 

Academic Press 

4. N. P. Mahalik. MEMS. Tata McGraw Hill, 2008. 

5. Biomedical Engineering Handbook, Author: J.D. Bronzion, Publisher: CRC press 

6. Introduction to Bioanalytical Sensors; Author: A J Cunningham, Publisher: Wiley 

Interscience, 1998 

7. Bioelectronic Measurements, Author: Michaels, Dean A, Demarre, Publisher: Prentice Hall. 

 

Course outcome and Programme outcome mapping 

                         Program Outcome 

 

Course Outcome 

PO1 PO2 PO3 PO4 PO5 

CO1  Y Y   

CO2  Y Y Y  

CO3   Y Y Y 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Semester-I 

Core Electives 

 

Course Name: Materials in Biomedical devices              Code: BT21321 

Per week L-T-P: 3-0-0 

Course Objective: To provide profound knowledge of biomaterials and their applications in tissue 

repair, regeneration, prosthetics and artificial organs development.   

Course Outcome:  

1. Acquire thorough understanding of types and properties of biomaterials and their interaction 

with human system. 

2. Ability to use suitable biomaterials for tissue repair, regeneration and as prosthetics, or implants 

 

Unit 1: Definition and Classification of Biomaterials, Mechanical Properties and Viscoelasticity, 

Body Response to Implants, Blood Compatibility and HLA Compatibility  

Unit 2: Metallic, ceramic and polymeric implant materials – types, properties and applications; 

biopolymers and medical textiles; materials for ophthalmology and membranes; membranes for 

plasma separation and blood oxygenation. 

Unit 3: Tissue replacement implants and bioengineering: decellularized matrix; soft-tissue and 

hard-tissue replacements; bioadhesives and percutaneous implants 

Unit 4: Artificial organs and prosthetics: artificial blood and skin, cardiovascular devices (artificial 

heart, prosthetic cardiac valves, and vascular grafts). Artificial lung and kidney – oxygenators and 

dialyzers; design and materials of implants (dental, cochlear, retinal); stents-advancements and 

applications, emerging technologies in prosthetics. 

Books/learning resources: 

1. Sujata V. Bhatt, “Biomaterials”, Narosa Publishing House. 

2. Joseph D. Bronzino, “Biomaterials - Principles and Applications”, CRC press. 

3. Myer Kutz, “Standard Handbook of Biomedical Engineering & Design”, McGraw-Hill. 

Course outcome and Programme outcome mapping 

                         Program Outcome 

 

Course Outcome 

PO1 PO2 PO3 PO4 PO5 

CO1 Y Y Y   

CO2   Y Y  

 

 

 



Course Name: Essentials of cell and molecular biology                                    Code: BT21322 

Per week L-T-P: 3-1-0 

 

Course Objective: To impart knowledge about fundamental concepts of cellular functions, 

concept of central dogma, mechanisms and pathways.  

Course Outcome:  

1. Ability to comprehend and explain the diversity in cellular functions. 

2. To integrate the acquired knowledge for identification of novel biomarkers and diagnostic 

assay or device development. 

 

Unit 1: Cell structure and function, Organization of nuclear genome, Introduction to bio-

membrane, plasma membrane composition and function, Transport across the plasma membrane, 

Cytoskeleton and cell motility, Cell-cell junctions. 

  

Unit 2:  General strategy of the cell cycle, mechanism of cell division, cell-cycle control, 

programmed cell death (apoptosis). 

  

Unit 3: DNA replication and DNA repair in prokaryotes and eukaryotes, Mechanism of 

transcription in prokaryotes and eukaryotes, RNA processing, Translation, Transport of proteins. 

  

Unit 4: Signal Transduction pathways, Intracellular receptor and cell surface receptors, Signaling 

via G-protein linked receptors and enzyme linked receptor, Cancer signaling. 

                                

Books/learning resources: 

1. Essential Cell Biology by Alberts.  

2. The Cell: A molecular Approach by Cooper.  

3. Cell Biology by Pollard and Earnshaw.  

4. Genes to clone by T. A. Brown, Blackwill publication.  

5. Biotechnology and Genetic engineering by S. Mitra   

 

Course outcome and Programme outcome mapping 

                         Program Outcome 

 

Course Outcome 

PO1 PO2 PO3 PO4 PO5 

CO1 Y Y    

CO2  Y  Y  

 

 

 

 

 

 



Course Name: Basics of Biomanufacturing                                                        Code: BT21323 

Per week L-T-P: 3-0-1 

Course Objective:  

• To impart knowledge of stages and process of manufacturing various biological products. 

Course Outcome:  

• Acquire understanding and practical skills for biomanufacturing of diverse biotechnological 

products relevant to medical sector. 

 

 

Unit 1: Introduction to biologics, stages of biomanufacturing, overview of upstream and 

downstream processes from initial cell line development to final product formulation and 

distribution; cryopreservation, storage and transport of biologics 

Unit 2: Types of mammalian cell lines and vector systems, cell banks 

Unit 3: Biomanufacturing of Vaccines, Viral vectors, Blood products, Cell and gene therapies, 

Antibodies, Recombinant proteins, Growth factors, Hormones 

Unit 4: Study of Natural products as leads for new pharmaceuticals, Challenges of 

biomanufacturing, Case studies, future applications and research directions 

Lab Experiments:  

1. Evaluate the cell quality attributes in culture. 

2. Initiate, maintain, expand cells in culture; Harvest and cryopreserve cells. 

3. Perform cell characterization assays (e.g. apoptosis, protein/cytokine assay). 

4. Recombinant protein production and protein extraction and purification. 

5. Preparation of liposomal and other nanoformulations 

 

Books/learning resources: 

1. Biomanufacturing  by  Chander  Prakash,  Sunpreet  Singh,  Rupinder  Singh,  Seeram  

Ramakrishna,  B.  S.  Pabla,  Sanjeev Puri, M. S. Uddin. Springer  

2. Industrial Biotechnology By Debabrata Das, Soumya Pandit. Taylor & Francis 

 

Course outcome and Programme outcome mapping 

                         Program Outcome 

 

Course Outcome 

PO1 PO2 PO3 PO4 PO5 

CO1 Y Y Y Y  

 

 

 



Course Name: Bionanotechnology                Code: BT21324 

Per week L-T-P: 3-0-1 

Course Objective:  

• To provide theoretical and practical knowledge and understanding of nanostructures’ 

synthesis and characterization methods, their applications in medicine and diagnostics. 

Course Outcome:  

1. Attained understanding of fundamental and advanced aspects of nanostructures and their 

applications. 

2. Acquire skill to synthesize nanostructure and use them for different healthcare applications. 

 

Unit 1: Nanomaterials: classification, properties and their size dependence; synthesis approaches; 

structure and bonding in nanomaterials, conjugation chemistry, design strategies for inorganic, 

organic, and polymer nanomaterials, biomimetic nanochemistry 

Unit 2: Characterization of nanostructures- scanning and transmission electron microscopy, 

scanning probe microscopies: atomic force, scanning tunneling microscopy, diffraction and 

scattering techniques, vibrational spectroscopy, surface techniques 

Unit 3: Nanobiosensors in diagnosis- electrochemical sensors, microfluidics, surface plasmon 

based biosensors, nanozymes, rapid tests; current nanotechnology-based diagnostics in use and 

under clinical trials. 

Unit 4: Nanomedicine: concept of controlled drug delivery, pharmacokinetics, bioavailability, and 

biodistribution; design, fabrication, evaluation and applications of the nanodrug delivery systems, 

hydrogels, implants and inserts, nanoparticle based cancer immunotherapy, safety aspects of 

nanomedicine: cytotoxicity assays and regulatory guidelines. 

Lab Experiments 

1. Synthesis of plasmonic gold nanoparticles, studying its color change with shape and size 

through UV -Vis absorption spectroscopy 

2. Characterization of gold nanoparticles (spherical, rods) through AFM, SEM, DLS and XRD. 

3. Synthesis of metal oxide nanoparticles (CeO2) and assessing their cytotoxicity through MTT 

and neutral red assay on given cells. 

4. Surface functionalization of metallic nanostructure with antibody and oligonucleotides and its 

confirmation. 

5. Synthesis of anisotropic nanostructures (gold nanostars) and determining their photothermal 

efficiency. 

Books/learning resources:  

1. Nanomaterials – An introduction to synthesis, properties and applications, D. Vollath, Wiley-

VCH, Second Edition 2013.  



2. Nanochemistry: Synthesis, Characterization and Applications (2023), Ashutosh Sharma 

(Editor), Goldie Oza (Editor). 

3. A Handbook of Laboratory Solutions, M H Gabb, Scientific Publishers, 2013  

4. Emerging nanotechnologies for diagnostics, drug delivery and medical devices, Kishore 

Cholkar, AbhirupMandal, AshimMitra, Elsevier (2017)  

5. Nanotoxicology, Materials, Methodologies, and Assessments, Editors: Durán, Nelson, 

Guterres, Silvia S., Alves, Oswaldo Luiz 

 

Course outcome and Programme outcome mapping 

                         Program Outcome 

 

Course Outcome 

PO1 PO2 PO3 PO4 PO5 

CO1 Y Y Y   

CO2  Y Y Y  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Semester-II 

Core Courses 

 

Course Name: Principles of In vitro diagnostics-II             Code: BT22114 

Per week L-T-P: 3-1-0 

Course Objective:  

• To impart theoretical and practical understanding of significance and working of various 

molecular diagnostic approaches for disease detection. 

Course Outcome:  

1. Acquire knowledge and skills about various conventional and advanced molecular diagnostic 

methods for disease detection. 

2. Attain critical thinking ability and methodological skills to design a molecular diagnostic assay 

for emerging diseases. 

 

 

Unit 1: Polymerase Chain Reaction- principle and variations; DNA sequencing methods, 

Microarray, DNA fingerprinting, Polymorphisms and mutations, Mutagenesis 

Unit 2:  PCR based diagnostics (Thalassemia, DMD, Huntington, HBV, malaria), types of PCR 

based diagnostic assays (Loop, Lamp, Oligonucleotide Ligation Assay), Lab-on-chip PCR.  

Unit 3: Aptamer diagnostics, Aptasensors, DNA methylation-based diagnostics, Crispr-Cas based 

diagnostics 

Unit 4: Cell based assay, Karyotyping, FISH, CGH, Cytotoxicity assay, Immunohistochemistry 

and immunophenotyping 

 

Lab Experiments 

1. HER2/ERBB2 gene amplification through fluorescence in situ hybridization 

2. MTHFR C677T and A1298C variants analysis by RFLP 

3. Gene expression analysis of through QRT-PCR 

4. Hepatitis B viral DNA quantification through QPCR 

5. Point mutation analysis through SSCP and ARMS PCR 

6. LOOP and LAMP PCR 

 

Books/Learning resources: 

1. Advanced techniques in diagnostics cellular pathology by Marry Hennon-Fletcher and Perry 

Maxwell, Wiley-Blackwell.  

2. Molecular diagnostics: for the clinical laboratorian by William B. Coleman and Gregory J. 

Tsongalis  

3. Molecular diagnostics by George P. Patrinos and Wilhelm Ansorge  

4. Commercial Biosensors by Graham Ramsay., John Wiley and Son, INC.  

5. Diagnostic microbiology by W. R. Bailey, E. G. Scott and C. V. Mosby.  

6. Fundamentals of clinical chemistry by W.B. Saunders and Carl A. Burtis   



Course outcome and Programme outcome mapping 

                         Program Outcome 

 

Course Outcome 

PO1 PO2 PO3 PO4 PO5 

CO1 Y Y    

CO2   Y Y Y 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Course Name: Basics in Design and production of Medical Devices                Code: BT22115 

Per week L-T-P: 3-0-0 

Course Objective:  

• To impart knowledge of fundamental concepts and classification of medical devices. 

• To provide broad understanding about the procedure of medical device design, protype 

development, manufacturing and the associated risks.   

Course Outcome:  

1. Acquire understanding of the fundamental concepts of medical devices and their design or 

prototyping. 

2. Ability to use the acquired knowledge for designing, prototyping and manufacturing of a 

medical device. 

 

Unit1: Identification of Need: Introduction to a medical device, ISO 13485 and ISO 14971 

certification. defining user wants, user needs, and design inputs, Design input generation process, 

MPRS- Transforming the contents using a Design Input/Design Output (DI/DO) matrix. 

 

Unit 2: Medical device design and product development: Concept development-human-centered 

design, usability, and feasibility analysis, CAD for medical device design and simulations, Models 

for medical equipment-Artificial cardiac pacemaker 

 

Unit3: Prototyping and testing of medical devices: Design for Manufacturing (DFM), popular 

concepts: Poke-Yoke, Lean, 6-sigma, Agile, Proof of concepts and iteration driven redesign. 

Establish a Design History File (DHF) and creating overall specifications. Different technologies 

for prototyping- 3D printing, printed electronics, CNC machining, Different types of medical 

device testing- bench, pre-clinical and clinical.                             

 

Unit 4: Manufacturing process, techniques such as injection molding and extrusion, quality control 

and assurance, challenges in scalability, risk assessment methodologies (FMEA, fault tree 

analysis), safety standards. Standard operating procedure for design control. Post-market 

surveillance and reporting, review and analysis of successful and failed devices, emerging 

technologies-AI, robotics, printable and wearable devices, future challenges and opportunities in 

medical device design and prototyping. 

 

Books/learning resources: 

1. Webster, J. G. (Ed.). (2010). Medical instrumentation application and design (4th ed.). New 

York: Johns Wiley & Sons. ISBN-13: 978-0471-67600-3; SBN 10: 0-471-67600-4 

2. Fraden, J. (2010). Handbook of modern sensors: Physics, designs and applications (4th ed.). 

New York: AIP Press. ISBN-13: 978-1-4419-6465-6; ISBN 10: 1-4419-6465-7 

3. Medical Device Design: Innovation from Concept to Market by Peter J. Ogrodnik, 2019, 

Elsevier. 

4. Expert Review of Medical Devices journal 

5. Research papers, Case studies, Industry reports and Articles from internet 

 

 

https://en.wikipedia.org/wiki/Expert_Review_of_Medical_Devices


Course outcome and Programme outcome mapping 

                         Program Outcome 

 

Course Outcome 

PO1 PO2 PO3 PO4 PO5 

CO1 Y Y    

CO2   Y Y Y 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Course Name: Regulatory and quality compliances in IVD and Medical devices   

Code: BT22116 

Per week L-T-P: 3-1-0 

Course Objective:  

• To impart knowledge about classification and quality assessment of medical devices as well as 

provide broad understanding of the national and international regulatory guidelines for medical 

devices.   

Course Outcome:  

• Acquire understanding of the basic concepts of medical devices and their regulatory 

compliances for medical device sector. 

Unit1: Medical Devices- definition, classification, nomenclature, biologics and combination 

products, standards of medical device, biocompatibility studies and clinical investigation, 

obtaining license for medical device manufacturing, quality assurance and quality management 

Unit 2: Introduction to invitro devices, FDA regulations on IVD products, General controls, 

premarket approvals, IVD labeling, quality control. 

Unit 3: Current Good Manufacturing Practices: US FDA quality system regulation for all controls, 

FDA inspection approach, European union quality management system for medical device (QMS, 

ISO 1485); Indian regulations: drugs and cosmetics act 1940, requirements for manufacture, 

import and sale of medical devices, clean room in GMP. 

Unit 4: Medical device regulatory affairs (International and Indian Perspective): Classification 

and regulatory controls, User fee and device labeling, market assessment, device registration 

process 

Books/learning resources: 

1. Fundamentals of Medical Device Regulations, Fifth Edition, Edited by Gert Bos and 

Jocelyn Jennings 

2. Biomedical Product Development: Bench to Bedside, Edited by Babak Arjmand, Moloud 

Payab, Parisa Goodarzi, Springer Link, 2020 

3. Medical Devices: Regulations, Standards and Practices, Edited by Seeram Ramakrishna, 

Lingling Tian, Charlene Wang, Susan Liao, Wee Eong Teo, Woodhead publishing, 

Elsevier, 2015 

4. https://www.fda.gov/medical-devices/overview-device-regulation/classify-your-medical-

device  

5. https://cdsco.gov.in/opencms/resources/UploadCDSCOWeb/2022/m_device/Medical%20

Devices%20Rules,%202017.pdf  

 

 

 

 

 

https://www.fda.gov/medical-devices/overview-device-regulation/classify-your-medical-device
https://www.fda.gov/medical-devices/overview-device-regulation/classify-your-medical-device
https://cdsco.gov.in/opencms/resources/UploadCDSCOWeb/2022/m_device/Medical%20Devices%20Rules,%202017.pdf
https://cdsco.gov.in/opencms/resources/UploadCDSCOWeb/2022/m_device/Medical%20Devices%20Rules,%202017.pdf
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Semester II 

Elective Courses 

 

Course Name: IoT and Machine Learning in IVD and medical devices          Code: BT22325 

Per week L-T-P: 3-1-0 

Course Objective:  

• To provide basics of Machine Learning and its application in medical diagnostic sector. 

Course Outcome:  

1. Acquire understanding of Machine Learning algorithms in healthcare applications. 

2. Attain ability to develop AI-ML based platforms for disease diagnosis. 

 

Unit 1: Medical data- types, repository analysis, challenges, fragmentation. Non homogeneous 

data collection, data warehouse creation, PAC- Data Collection, formation, analysis and 

monitoring. 

Unit 2: Machine Learning Basics and Goals, Key task definitions, Diagnosis Predictive analytics, 

Integrating medical informatics and health informatics, Supervised, unsupervised, and semi-

supervised learning, Reinforcement learning. 

Unit 3: Decision Support Systems, medical imaging types, feature representation for both image 

and non-image data, feature reduction, mapping, classification techniques and methods, CNN 

architectures basics, DNN models. Robotics in medical diagnostics and surgical systems, AI-ML 

in robotics 

Unit 4: Case Studies to develop in-Practical using programming tools such as python, matlab, 

Medidata, OsiriX, TensorFlow, GeneSpring, IBM Watson Health and etc on Smart Sensors 

Transform Healthcare System, Assistive Devices and IoT in Healthcare Functions, Mobile-App-

Enabled System for Healthcare, Energy-Efficient Network Design for Healthcare Services 

 

List of Experiments: 

1. To Develop and evaluate a smart blood glucose monitoring system using IoT sensors.  

2. To Apply machine learning algorithms to assess glucose levels or heart disease or risk ECG 

monitoring or real-time blood pressure monitoring based on patient data 

3. To use machine learning for a) classifying cancerous and non-cancerous cells and b) develop 

a predictive model for diabetes using patient data 

4. Build a comprehensive IoT system for monitoring multiple vital signs (e.g., temperature, heart 

rate, oxygen saturation). 

5. To develop IoT-enabled microfluidic devices for high-throughput single-cell analysis. 

6. To Develop a smart wearable device for real-time monitoring of fluctuating biomarkers (e.g., 

cortisol levels) in patients. 

Books/learning resources: 

1. Fatos. Xhafa, Machine Learning, Big Data, and IoT for Medical Informatics. Academic Press, 

2021. 

2. Arjun Panesar,. Machine learning and AI for healthcare. Coventry, UK: Apress, 2019. 

3. Deprez, M. and Robinson, E.C., 2023. Machine Learning for Biomedical Applications: With 

Scikit-Learn and PyTorch. Academic Press. 



4. Baumgartner, Christian, Johann Harer, and Jörg Schröttner. &quot;Medical Devices and In 

Vitro Diagnostics.& quot; 

5. Singh, Krishna Kant, Akansha Singh, Jenn-Wei Lin, and Ahmed A. Elngar, eds. Deep Learning 

and IoT in Healthcare Systems: Paradigms and Applications. CRC Press, 2021. 
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Course Name: Medical Instrumentation               Code: BT22326 

Per week L-T-P: 3-0-1 

Course Objective:  

• To develop understanding of working of various instruments and their applications in medical 

diagnostics sector 

Course Outcome:  

1. Understand the concept and work flow of medical instruments used for healthcare monitoring. 

2. Ability to analyze the parameters and interpret the findings of tests done. 

 

Unit 1: Generalized medical instrumentation system, Medical Measurement constraints, 

Classification of Biomedical Instruments, design factors and limitations of biomedical 

instruments, Classification and Characteristics of Transducers – Static vs. Dynamic characteristics; 

Sensors for Displacement, Pressure, and Temperature:  types and biomedical applications; Signal 

Conditioning and Recording Devices, Pre-amplifiers – Role and importance. Impedance Matching 

Circuits: Concept and application; Isolation Amplifiers, Introduction to various types of display 

and recording devices used in biomedical instrumentation. 

Unit 2: Basic of Measurement: Instruments accuracy, precision, sensitivity, resolution range etc. 

Errors in measurements and loading effects. Basics of electronics- Biopotentials, Bioamplifiers 

and Bioelectrodes, bioelectrodes, electrode configurations; Origin of Biopotentials and their 

measurement, Electrode Interfaces, Bioelectric signals, Biomedical recorders and instruments like 

ECG (Electrocardiography), PCG (Phonocardiography), EEG (Electroencephalography), EMG 

(Electromyography), EOG (Electrooculography) and ERG (Electroretinography).  

Unit 3: Non-Electrical Physiological Parameter Measurement: techniques and sensors for 

measuring temperature, respiration rate, pulse rate, plethysmography, pulse oximetry, blood 

pressure, blood flow and cardiac output. System Concept, System Properties, Bio Engineering of 

a Coupled System, Sinusoidal Analysis of Instrumentation System, Physiological Feedback 

systems, Simulation of any biological system as a case study. 

Unit 4: Bioimaging techniques-CT scan, MRI scan, PET, X-ray imaging, ultrasound), 

radiodiagnosis, angiography, nuclear medicine. 

Lab Experiments: 

1. Measurement of Heart Sounds Using Phonocardiography (PCG) 

2. Measurement of Pulse Rate Using Photo Transducer 

3. Measurement of Blood Pressure Using Sphygmomanometer 

4. Measurement of Vital Parameters Using Patient Monitoring System 

5. Simulation of ECG – Detection of QRS Complex and Heart Rate 

6. Analysis of Characteristics of Surgical Diathermy 

Books/learning resources: 



1. John G.Webster, “Medical Instrumentation Application and Design”, John Wiley and 

Sons, New York. 

2. Khandpur R.S, “Handbook of Biomedical Instrumentation”, Tata McGraw Hill, New 

Delhi. 

3. Joseph J. Carr and John M. Brown, “Introduction to Biomedical equipment technology”, 

Pearson Education 
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Course Name: Immunotechnology                                                                      Code: BT22327 

Per week L-T-P: 3-0-0 

Course Objective:  

• To provide knowledge about the applied immunological concepts and techniques used for better 

healthcare.  

Course Outcome:  

• Attain understanding of immunological techniques used in medical technology and applying 

it for disease diagnosis or therapeutics. 

 

Unit 1: Antigen engineering- Engineering of antigens for improving immunogenicity: extraction 

of antigens from pathogens, parasites and other biological materials; Hapten-carrier conjugation 

techniques, Types of immunogenic carriers 

Unit 2: Antibody engineering- Antibody Production-monoclonal and polyclonal; Antibody 

engineering approaches, full/fragment based engineered antibodies, catalytic antibodies, 

combinatorial libraries for antibody isolation, applications in diagnosis and therapy.  

Unit 3: Cellular immunology: PBMC separation from the blood; identification of lymphocytes 

based on CD markers; FACS; HLA typing, cytokine bioassays, CAR T-cell therapy. 

Unit 4: Vaccine technology: Basic principles of vaccine development and production; Types of 

vaccines and their comparative analysis, reverse vaccinology, nanoparticles in vaccine technology. 

Books/learning resources: 

• Current Protocols in Immunology, John E. Coligan (Editor), Ada M. Kruisbeek (Editor), 

David H. Margulies, John Wiley & Sons 

• Immunology by Kuby J., Freeman, W.H., Oxford,UK 
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Course Name: Advanced Cell and Tissue Engineering             Code: BT22328 

Per week L-T-P: 3-0-0 

Course Objective: To provide conceptual knowledge about tissue engineering & regenerative 

medicine for various therapeutic interventions.   

Course Outcome:  

• Acquire thorough understanding of tissue engineering principles and the application of 

synthetic biology to solve healthcare problems. 

 

Unit 1: Introduction to tissue engineering & regenerative medicine. Fundamentals of Stem Cell 

Tissue Engineering; Growth Factors; Extracellular matrix-Cell-cell and cell-matrix interactions; 

Cell Adhesion; Cell Migration.  

Unit 2: Structure and organization of tissues; stem cell types, their characteristics, primary cell 

culture, subculture, differentiation, storage and revival, differentiation abilities of stem cells 

towards specific lineages. 

Unit 3: Types and properties of biomaterials; biocompatibility, bioactivity, biodegradability, 3D 

scaffold processing techniques; angiogenesis, tissue repair and wound healing, host acceptance 

and rejection, Computer aided tissue engineering. 

Unit 4: Importance of sustained and controlled drug delivery, implications and applications; 

Bioreactors in tissue engineering & regenerative medicine, tissue growth and maturation, use of 

bio-membrane in wound healing etc. Case studies on bone, cartilage, blood vessel, skin, cornea. 

Ethical issues and legal aspects in biomaterials and tissue engineering. 

Books/learning resources: 

1. The Principles of Tissue Engineering (4th edition), by Robert Lanza, Robert Langer, and 

Joseph P. Vacanti.Academic Press (AP). 2013. 

2. Palsson, B., Hubbell, J. A., Plonsey, R., &amp; Bronzino, J. D. (2003). Principles and 

applications in engineering series. Tissue Engineering, CRC Press, Boca Raton, FL. 

3. Essentials of Stem Cell Biology (3rd edition), by Robert Lanza and Anthony Atala. Academic 

Press (AP). 2013 

4. Culture of Animal Cells: A Manual of Basic Technique and Specialized Applications (6th 

edition), by R. Ian Freshney.Wiley-Blackwell. 2010 

5. Biomaterials Science: An Introduction to Materials and Medicine (3rd edition), by Buddy D. 

Ratner, Allan S. Hoffman,Frederick J. Schoen and Jack E. Lemons.Academic Press (AP). 2012 

6. Biomaterials: Principles and Applications by .B. Park and J.D. Bronzino. CRC Press. 2002 
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Semester III 

Core course 

Course Name: Modern statistical tools and IPR in Healthcare           Code: BT23117 

Per week L-T-P: 3-0-0 

Course Objective:  

• To provide a comprehensive understanding of biostatistical tools and their application in data 

analysis.   

• To provide a broad knowledge of principles and regulations of intellectual property in medical 

device sector.  

Course Outcome:  

• Application of statistical tools for data interpretation and presentation with a focus on 

assessing diagnostic potential of a test. 

• Attain skills and knowledge to navigate patents, monetize medical inventions and learn to 

safeguard the ideas and inventions. 

 

Unit 1: Data Collection, Organization, Graphics and pictorial representation of data, Measures of 

central tendencies and dispersion, Coefficient of variation. Probability Basic concepts. Simple 

random and other sampling procedures. Concepts of hypothesis testing and types of errors, 

Student-t and Chi square tests, Sample size and Power. 

Unit 2: Analysis of variance, Correlation and regression, Pearson's correlation coefficient, Linear 

regression model, Non-parametric tests. Estimation and Hypothesis testing, Experimental design 

in clinical trials, Parallel and Crossover designs, dose-response plots, Kaplan–Meier plots of 

survival analysis, ROC analysis for sensitivity and specificity, hazard ratio (HR) and Cox 

regression model.  

Unit 3: Types of IPR (copyright, trademarks, patents, design patents, intellectual property in 

medical AI), Principles, processes, and regulations governing IP (patent, copyright, design), 

Precautions while patenting disclosure/non-disclosure. Patent infringement- meaning, scope, 

litigation, case studies. 

Unit 4: Intellectual property laws for the healthcare and pharmaceutical industries, intellectual 

property at various stages of medical device (Invention Disclosure, Prior Art Search, Patent 

Application, Patent Examination, Patent Issuance, Enforcement), Challenges in IP protection. 

 

Books/learning resources: 

1. Biostatistics: A foundation for analysis in Health Sciences,Wayne W. Daniel, Chad L. Cross, 

2013, 10th edition. 



2. Practical Biostatistics for Medical and Health Sciences, Seyed Hassan Saneii, Hassan Doosti, 

2024 

3. Biostatistics for Medical and Biomedical Practitioners by Julien I.E. Hoffman, 2015. 

4. Patent Law and Intellectual Property in the Medical Field (Advances in Healthcare Information 

Systems and Administration) by Rashmi Aggarwal and Rajinder Kaur (Editor), 2017. 

5. FDA and Intellectual Property Strategies for Medical Device Technologies, by Gerald B. Halt 

(Author), John C. Donch (Author), Amber R. Stiles (Author), Lisa Jenkins VanLuvanee 

(Author), & 2 More, 2019 

6. https://www.icmr.gov.in/icmrobject/uploads/Guidelines/1732606695_icmrintellectualproperty

policy.pdf 
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