
















 

20-305-0105 PROGRAMMING FOR EMBEDDED SYSTEMS  L T P C 

4 0 2 4 

   

Prerequisites : None 

Course Description : This course trains the students to program embedded systems 

using C programming language.  

Course Outcome : After the completion of the course the student will be able to 

CO1 Understand Basic Operating systems for embedded systems. Understand 

CO2 Understand the syntax and functionality of a given C program Understand 

CO3 Understand basic memory layout and memory management in C, 

given a problem identify the requirement for static and dynamic 

memory allocations and develop programs using pointers, functions 

and recursion. 

Analyze 

CO4 Given a problem, understand the basic algorithm, determine the 

required program structure, and write the C program, write test cases, 

compile, execute and verify the program. 

Analyze 

CO5 Write C programs and compile, link, execute and debug them  Apply 

CO6 Write programs for Arduino development boards and test basic 

functionalities 

Apply 

   

Course content :  

Module 1 : Introduction: Embedded Systems- Software, Processors, Programming Languages, 

Operating Systems, Applications. GNU/Linux OS, Architecture, GNU Compiler 

toolchain:- gcc, debugging, building. Introduction to C, Simple C programs, 

Desirable program characteristics 

Module 2 : Basics of C Programming: Character set, Identifiers and Keywords, Data Types, 

Constants, Variables and Arrays, Declarations, Expressions, Statements, Symbolic 

constants, Operators and Expressions, Input and Output. Planning, Preparing, 

Running and Debugging a complete C program, Control Statements - if else, while, 

do-while, for, switch, break, continue, goto. Functions - prototypes, passing 

arguments, recursion 

Module 3 : Arrays, Pointers & Structures: Arrays, Mutidimensional arrays and strings, 

Pointers, Passing pointers to functions, Pointers and Arrays, Operation on pointers, 

Array of pointers, Structures and Unions. 

Module 4 : Memory layout and Memory management: Memory layout, Stack and Heap. 

Static and Dynamic allocation, automatic, static and global variables, multifile 

programs, library functions, Linker, Preprocessor directives, Macros. Data 

Representation: Fixed-Precision Binary Numbers, Binary Representation of 

Integers, Binary Representation of Real Numbers - Fixed-Point and Floating Point. 



Module 5 : Introduction to Embedded C: Introduction, Data types, Bit manipulation, 

Interfacing C with Assembly - Programming in Assembly, Instruction Sequencing, 

Procedure Call and Return, Parameter Passing. Input/Output Programming - 

Instructions, Synchronization, Transfer Rate, and Latency, Polled waiting loops. 

Embedded programming issues - Reentrancy, Portability, Optimizing and testing of 

embedded C programs. 

Sample List of Experiment* : 

 

1 Write a program to compare  multiple pairs of numbers and display the results.    

2 Write a program to print all prime numbers less than a given number.  

3 Write a program which reads a word and encode it into a number replacing each letter by its 

position in the alphabet.   

4 Write a program which reads a sentence with uppercase and lowercase letters, numbers and  

symbols and outputs with the case reversed. 

5 Write a program which calculates the running average of a sequence of number. The average 

has to be calculated and displayed every time a new number is entered. Use a separate function 

for average. 

6 Write a program which reads in the coefficient of a quadratic equation and outputs all the roots. 

 6 Write a recursive program to print the Fibonacci series. 

7 Write a program which reads a text and counts the number of characters and words.  

8 Write a program that slows a person to play tic-tac-toe  with a computer 

9 Write a program which stores n numbers in an array, sorts the array and outputs the result. 

10 Write a program which reads a sentence, stores it in an array and display it backwords.  Write 

a separate function for reversing the array. Repeat with pointer instead of arrays. 

11 Write a C program that reads several different names and addresses into the computer, 

rearranges the names into alphabetical order, and then writes out the alphabetized list. Make 

use of structure variables within the program. 

12 Use Gcc to compile a multifile C program and debug it using gdb 

13 8051 Programming: Blink Led 

14 8051 Programming: Serial Communication using UART 

15 Arduino Basics: Use potentiometer to control blinking and fading of LED 

16 Arduino Basics: Send the potentiometer output to the computer and plot the graph.  

17 Arduino Basics: Control multiple LEDs using for loop and if,  switch case and  while 

statements 

18 Arduino based digital thermometer 

* The list is not exhaustive. Additional experiments or project based on the experiments can 

be included in the laboratory activity. 











http://www.nxp.com/documents/data_sheet/LPC1311_13_42_43.pdf
http://www.nxp.com/documents/data_sheet/LPC1311_13_42_43.pdf










 

20-305-0205 Embedded Systems Design Lab  L T P C 

0 0 4 1 

   

Prerequisites : None 

Lab 

Description 

: This lab will involve working on programming embedded devices, 

communicating with peripherals.  

Course 

Outcome 

: After the completion of the lab the student will be able to 

CO1 Familiarize with different embedded boards and their capabilities Understand 

CO2 Learn and use software tools for multiple development boards for 

testing functionalities. 

Apply 

CO3 Solve specific problems which come under interface categories such 

as  display, counter, motor drive, etc. 

Apply 

CO4 Acquire debugging skills by communicating to development board 

via console, LEDs, ports, etc. 

Analyze 

CO5 Propose and design solutions for real world problems using 

embedded systems 

Apply 

Sample List of Experiment* : 

 

1. Interface a 16x2 LCD to PIC16F887 microcontroller and display an English word and 

a Malayalam word. 

2. Interface a keypad to PIC16F887 microcontroller and display a key switch being 

pressed in the board.  

3. Interface built-in DS1307 real time clock chip and display the time, day and date.  

4. Use PIC16F887 to perform Compare, Capture and PWM operations.  

5. Familiarization with Arduino board and Raspberry Pi. Flashing sample programs and 

detection of output via LED and Console. 



6. Familiarization of deployment flow ARM Development Kit, Keil Mvision IDE, Flash 

Programming. Flash a sample blinky program into ARM Cortex M3.  

7. Write a program to display hello world on terminal. Interface 4X4 Matrix Keypad and 

display in LCD.  

8. Design project: Define a problem statement that can be solved by an embedded 

system. Design and implement an embedded system for solving this problem 

statement. It is required to have a computation unit, interfacing with a peripheral and a 

wireless communication protocol. 

* The list is not exhaustive. Additional experiments or project based on the experiments can 

be included in the laboratory activity. 



 

CONTROL SYSTEMS LAB   L T P C 

0 0 4 1 

   

Prerequisites :  

Lab Description : This lab aims to familiarize with the modeling of dynamical 

systems and the characteristics of control components like dc 

motor, Compensator etc. To  model, simulate and analyze 

systems using  MATLAB software. 

Course Outcome : After the completion of the lab the student will be able to 

CO1 Represent physical systems as transfer functions and derive open loop 

and closed loop transfer functions 

Apply 

CO2 Study characteristics of control components like DC motor, 

compensator etc. 

Understand 

CO3 Analyse the stability of physical systems represented as transfer 

functions 

Analyze 

CO4 Simulate first order and second order systems and understand the 

performance  

Understand 

Sample List of Experiment* : 

 

1 Familiarize with Matlab 

2 Represent Polynomials in Matalab 

3 Functions and Flow control in Matlab  

4 Model physical systems like Mass-Spring system using transfer functions 

5 Block diagram representation of physical systems using SIMULINK 

6 Model and Simulate LTI Systems 

7 Block Diagram Reduction 

8  PD, PI and PID Controllers 

9 Design a passive RC lead , lag and lag-lead compensating network for the given specifications 

and to obtain its frequency response 

10 DC motor characteristics 

* The list is not exhaustive. Additional experiments or project based on the experiments can be 

included in the laboratory activity. 

20-305-0206 







 

20-305-0303 VLSI  SYSTEM DESIGN  L T P C 

4 1 0 4 

   

Prerequisites : None 

Course Description : This course trains the students to program embedded systems 

using C programming language.  

Course Outcome : After the completion of the course the student will be able to 

CO1 Explain the basic complementary CMOS circuits and their 

fabrication 

Understand 

CO2 Understand the syntax and functionality of a given C program Understand 

CO3 Implement a basic system with controller and datapath on FPGAs Apply 

CO4 Develop embedded systems using micro blaze softcore processors Analyze 

CO5 Develop embedded systems using Zync processors Analyze 

   

Course content :  

Module 1 : CMOS Technology: MOS transistors, Ideal I-V Characteristics, Complementary 

MOS Logic - Inverter, Combinational Logic, NAND/NOR gates, Complementary 

CMOS design -Pull up and Pull Down Networks, Propagation delay, Fabrication 

Process  

Module 2 : Sequential Circuits:  Timing Metrics, Classification of Memory Elements,  

CMOS based static Latches and Registers, Dynamic Latches and Registers, 

Pipelining, Sequential timing, Timing Metrics, Setup time, Hold time. 

Module 3 : Design Flow: ASIC Design flow,- Custom, Semicustom and Structured-array design 

approaches, Cell based design methodology, Semicustom design flow, Array based 

design flow, Field programmable gate arrays - Architectures of Commercial FPGAs 

Xilinx, Intel - Altera and Atmel, Carry Chains and Cascade chains, Logic Blocks, 

Dedicated memories and ALUs, HDL specification, Logic synthesis, Mapping, 

Placement and Routing, Timing and Pin constraints. 

Module 4 : System Design: Top down approach to design, Data path, Control path, Controller 

behaviour and Design, Memories and IP Blocks, Design Case Studies - BCD adder, 

Traffic light controller, Binary multiplier and Divider. 

Module 5 : FPGA based Embedded SOCs: Embedded SofCores -  High Level Synthesis, 

Hardware Software co-design,System Design using Microblaze softcore processor 

and Xilinx Embedded Design Kit (EDK), peripherals, developing software 

applications on microblaze. Embedded hard cores - Xilinx Zynq SOCs, 

Programmable Logic and Processor Systems, High Level Synthesis using Xilinx 

Vivado HLS, Creating a complete system using built-in ARM Cortex processor and 

an IP block in PL. 





 

20-305-0001 MACHINE LEARNING  L T P C 

3 2 0 3 

   

Prerequisites : Mathematics 

Course Description : This course provides a broad introduction to machine learning and 

how to apply learning algorithms 

Course Outcome : After the completion of the course the student will be able to 

CO1 Design linear, nonlinear regression and logistic regression models Apply 

CO2 Use ANN for solving ML problems Apply 

CO3 Use SVM for solving ML problems Apply 

CO4 Use unsupervised learning methods like clustering algorithms and 

dimensionality reduction algorithms 

Apply 

CO5 Design ML system suitable to the type of data and evaluate the model  

performance 

Analyse 

Course content :  

Module 1 : Introduction: Concept of learning models, Supervised Learning, Unsupervised 

Learning, Reinforcement Learning. Linear Regression with One Variable - idea of 

cost function, and gradient descent method for learning, Linear Regression with 

Multiple Variables- Multiple Features, Gradient Descent for Multiple Variables, 

Feature Scaling, Learning Rate, Normal Equation, Non-invertibility, Polynomial 

Regression, Logistic Regression-classification, hypothesis representation, decision 

boundary, cost function, optimization, multiclass classification. 

Module 2 : ANN: Introduction, mathematical model of neuron, activation functions, network 

architectures, Learning-cost function, gradient descent, optimisation, XOR problem, 

multilayer perceptron, back propagation algorithm, differentiability, feature scaling, 

initialization, stopping criteria. 

Module 3 : SVM: introduction, optimization objective, large margin classification, support 

vectors, Separating hyperplane approaches, support vector machine formulation,  

SVMs for Linearly Non Separable Data, SVM Kernels, Hinge Loss formulation 

Module 4 : Unsupervised Learning: Clustering: Introduction, k-means algorithm, optimization, 

random initialization, clustering. Dimensionality Reduction: Data compression, 

visualization, principal component analysis algorithm, reconstruction from 

compressed representation 

Module 5 : ML System Design and Evaluation Measures: Learning with large datasets, 

stochastic gradient descent, batch and mini-batch gradient descent. Evaluating a 

Hypothesis, Model Selection, Regularisation, Training Validation Testing, 

Diagnosing Bias vs. Variance. Two Class Evaluation Measures, Confusion Matrix, 

Precision Recall curve, ROC Curve, Area Under Curve(AUC) 



















http://www.ecs.umass.edu/ece/koren/architecture/Simplescalar/
https://www.edumips.org/
https://www.hpl.hp.com/research/cacti/












References : 1. Douglas V Hall, Microprocessors and Interfacing, Tata McGraw-Hill 

3rd edition, 2012 

2. Muhammad Ali Mazidi, The 8051 Microcontroller and embedded 

sytems, Pearson Education 2nd edition, 2006  

3. Kenneth J. Ayala, The 8051 Microcontroller, Penram International, 

3rd edition 2007  

4. Lyla B. Das, The x86 Microprocessors , Pearson Education, 2010  

5. Muhammed Ali Mazidi, Janice Gillispie Mazidi, Rolin D. McKinlay, 

The 8051 Microcontroller and Embedded Systems Using Assembly 

and C, Second Edition, 2008,  Pearson Education. 

  











 

20-305-0011 RADAR AND SATELLITE 

COMMUNICATION 

 L T P C 

3 2 0 3 

   

Prerequisites : A basic course in communication and microwave. 

Course Description : The fundamental aspects of RF communication systems, Radar and 

GPS systems is covered in this course  

Course Outcome : After the completion of the course the student will be able to  
understand the fundamentals of RF propagation and methods to 

improve its quality; different types of radars; and the basics of satellite 

communication and GPS 

CO1 Understand the fundamental principles of RF propagation and methods 

to improve its quality. 

Understand 

CO2 Understand Radar fundamentals and analysis of range ambiguities. Analyze 

CO3 Analyze Radar Signal characteristics Analyze 

CO4 Understand different special purpose Radars Understand 

CO5 Understand the concept of  Satellite communication Understand 

CO6 Understand the concept of GPS Understand 

   

Course content :  

Module 1 :  RF propagation: Loss in free space: Atmospheric effects on propagations and 

diffraction effects, Various Fadings, Path Analysis: Unfaded signal level, Thermal 

noise Threshold: Frequency deviation. Antenna gain, Noise on FM radio link: 

Sources of noise, FM improvement threshold, Noise power ratio. 

Module 2 : Radar Fundamentals: Introduction, Radar Equation, Block diagram, Radar 

frequencies, Applications, Pulsed Radar, Range ambiguities, Displays-Duplexers, 

Radar Cross Section. 

Module 3 : Radar Signal Characteristics: Radar pulse considerations, Minimum detectable 

signal, Receiver noise, Integration of radar pulses, FM-CW radar, MTI, pulse 

compression Radar.  

Module 4 : Special purpose radars: Synthetic aperture radar, HF and over the horizon radar, Air 

surveillance radar, Height finder, Bistatic radar, Radar Beacons, Radar Jamming and 

Electronic Counter measures. 











References : 1. Constantine Balanis A., Antenna Theory-Analysis and Design, John Wiley, 

2005.  

2. John D. Kraus, Ronald J. Marhefka, Ahmed S. Khan, Antennas and Wave 

Propagation, 4th Edition, McGraw hill Education, 2006. 

3. James J. R. Hall P. S. Wood C., Micro strip Antenna-Theory and Design, 

IET Electromagnetic Wave series, 1985.  

4. Bahl I. J., and Bhartia, Microstrip Antennas, Artech House, 1982.  

  





https://www.edumips.org/




http://www.amazon.in/Philip-D.-Wasserman/e/B001HCVA1S/ref=dp_byline_cont_book_1


20-305-0016 MACHINE LEARNING LAB  L T P C 

0 0 4 1 

   

Prerequisites : Mathematics 

Lab Description : This lab provides experiments to implement machine 

learning algorithms using Python with the help of open 

source libraries such as TensorFlow, Keras, etc. 

Course Outcome : After the completion of the lab the student will be able to 

CO1 Design linear, nonlinear regression and logistic regression models Apply 

CO2 Use ANN for solving ML problems Apply 

CO3 Use SVM for solving ML problems Apply 

CO4 Use unsupervised learning methods like clustering algorithms and 

dimensionality reduction algorithms 

Apply 

CO5 Design ML system suitable to the type of data and evaluate the model  

performance 

Analyse 

Sample List of Experiment* : 

 

1. Python and Jupyter notebook familiarisation 

2. Implement the Linear and Logistic Regression model with gradient descent optimisation 

3. Implement an artificial neural network models and  optimise using back propagation algorithm. 

4. Model Support Vector Machines for classification tasks for linear and non-linear data. 

5. Solution proposal for a real world problem, model a neural network, pre-process the data, train the model 

and evaluate the performance and improve the learning through parameter tuning. 

* The list is not exhaustive. Additional experiments or project based on the experiments can be 

included in the laboratory activity. 







* The list is not exhaustive. Additional experiments or project based on the experiments can be 

included in the laboratory activity. 

 



 

20-305-0019 DATA STRUCTURES 

LABORATORY 

 L T P C 

0 0 4 1 

Prerequisites :  

Lab Description : The objective of this lab is to introduce object oriented 

programming in C++ and implement various data structures 

in C++.  

Course Outcome : After the completion of the lab the student will be able to 

CO1 Develop object oriented programs in C++ for  real life problems Analyze 

CO2 Study programs with dynamic memory allocation and understand the 

concept of memory leaks 

Understand 

CO3 Implement the various sorting algorithms for large arrays with C++ and 

compare the execution time 

Apply 

CO4 Implement linked lists, stacks and queues, bst with C++ and use these 

implementations for practical problems. 

Analyze 

   

Sample List of Experiment* : 

 

1 Arrays: Write a program to add  and multiply two large integers with more than 100 digits.  The 

numbers are stored in arrays with each element storing a block of digits.  

2 Structures: Write a program to store and manage the details of  all students in a class.  

3 C++ Procedural Program: Develop a procedural program to implement  a Time datatype. 

4 Class: Develop an object oriented program to implement  a Time datatype. 

5 Class, Operator Overloading: Implement a class for complex numbers with methods for input 

and output, add, subtract, multiply, modulus, conjugate operators. 

 6 Inheritance: Develop an object oriented program for managing payroll in a company.  

7 Study programs with Out of range indices for arrays, pointers and pointer dereferencing, memory 

allocation failures 

8 Bubble sort, Insertion sort, merge sort and quick sort for large arrays 

9 Linked list for storing student records 

10 Evaluating post fix expressions using stacks 

11 BST inorder, preorder and post order traversals. 

* The list is not exhaustive. Additional experiments or project based on the experiments can be 

included in the laboratory activity. 





 

20-305-0021 ROBOTICS  AND INTELLIGENT SYSTEMS  

LAB 

 L T P C 

0 0 4 1 

   

Prerequisites : None 

Lab Description : The lab includes experiments using SCARA robot. This lab 

provides students with the skill to design robots specific 

applications like range finding and obstacle detection. 

Course Outcome : After the completion of the lab the student will be able to 

CO1 Program SCARA robot to perform tasks. Apply 

CO2 Interface Ultrasonic, Doppler, Lidar range finder  module to a 

microcontroller. 

Apply 

CO3 Design simple robots using the various interface. Analyse 

Sample List of Experiment* : 

 

1. Find the accuracy, repeatability and work envelop of SCARA robot. 

2. Program the SCARA robot for transfer of a stack of objects from one position to another. 

3. Interface the given Lidar range finder to a microcontroller to find the range and display the same 

on LCD.  

4. Interface a standard Ultrasonic module to a microcontroller to find the range and display the 

same on an LCD 

5. Interface the give Doppler radar module to find an obstacle and plot the waveform in a PC. 

6. Interface the given Inertial Measurement Unit to a microcontroller and find the 3-axis 

acceleration and orientation. 

* The list is not exhaustive. Additional experiments or project based on the experiments can be 

included in the laboratory activity. 



 

20-305-0022 EM RADIATION LAB 

   

Prerequisites : None 

Lab Description : This lab familiarizes the student with the simulation and 

experimental set up for carrying out antenna measurements 

followed by characterising the various standard antennas. It also 

familiarises the student with the significance of EMI EMC and 

their impact in RF circuit design using appropriate experiments 

and simulation studies. 

Course Outcome : After the completion of the lab the student will be able to 

CO1 Understand the principle of radiation, describe its parameters and 

measure them. 

Understand 

CO2 Design and Simulation of different antennas using CAD tools Apply 

CO3 Analyse the simulated and measured results with inference. Analyse 

CO4 Understand the impact of undesired radiation in electronics circuit 

design 

Understand 

CO5 Understand the impact of crosstalk, placement of components etc. on 

EMI. 

Apply 

CO6 Prepare the reports and present the results correctly. Apply 

   

Sample List of 

Experiment* 

: 

 

1. Familiarization with antenna measurement setup. 

2. Computer aided design, simulation and analysis of basic antenna types: Dipole, Horn 

(different types), Patch (various types of feed and different polarizations). 

3. Measurement of antenna characteristics from the radiation patterns of standard 

antennas: Horn, Dipole, Vivaldi, Spiral etc. 

4. To measure radiated emission from mobile tower and mobile phone. 

5. To measure the Shielding Effectiveness of different types of conducting materials 

against radiated emissions in electronic circuit boards. 

* The list is not exhaustive. Additional experiments or project based on the experiments can be included 

in the laboratory activity. 

 

 L  T P C 

0 0 4 1 



 

20-305-0023 EMBEDDED SOFTWARE LABORATORY 

   

Prerequisites : Embedded System Laboratory 

Lab Description : This lab will involve working on software tools and  

programming software for real time systems. 

Course Outcome : After the completion of the lab the student will be able to 

CO1 Familiarize with parallel programming primitives and deadlock 

situations 

Analyze 

CO2 Implement thread safe programs for parallel threaded 

environments 

Apply 

CO3 Porting an open source RTOS into development boards for 

demonstrating real world scenarios 

Apply 

CO4 Modify and customize operation of an RTOS to desired 

specifications 

Apply 

CO5 Propose and design solutions for real world problems using Real 

Time Operating Systems 

Apply 

             

Sample List of 

Experiment* 

: 

 

1. Implement a parallel program demonstrating dining philosopher problem, which can 
result in a deadlock. Apply thread protection using semaphores to avoid deadlock 
situations. 

2. Write a POSIX thread program with 25 threads generating a random number in 

them. The main thread should find the sum of all random numbers and the sum of all 

thread ids. Display these sums and end the child threads safely. 

3. Write a POSIX program to design a producer consumer example with buffer of size 

10 between them. There should be checks in place using semaphores to avoid 

writing to full buffer and to prevent reading from empty buffer. 

4. Port FreeRTOS into Arudino board and write a program to blink LED for a fixed 

duration. 

5. Port FreeRTOS into XILINX Zybo board containing ARM processor using 

VIVADO. Flash sample program to blink LEF for a fixed duration. 

6. Demonstrate multi-level queue scheduling with pre-emption in FreeRTOS using a 
custom program. 

 L  T P C 

0 0 4 1 



7. Design project: Define a real time system, which requires an RTOS schedule as a 
solution. Implement it using FreeRTOS and demonstrate in a board of your choice. 

* The list is not exhaustive. Additional experiments or project based on the experiments can 

be included in the laboratory activity. 



 

20-305-0024 VLSI  SYSTEM DESIGN LAB  

   

Prerequisites :  

Lab Description : This lab has two parts. The first part deals with the 
simulation, characterisation and layouts of basic 
complementary CMOS combinational and sequential 
circuits. The second part deals with implementation of 
embedded   systems on FPGAs 

Course Outcome : After the completion of the lab the student will be able to 

CO1 Study the delay and power dissipation of  various  CMOS 
combinational logic styles.  

Understand 

CO2 Study the various timing parameters like setup time and hold time for 
CMOS sequential logic families.  

Understand 

CO3 Implement embedded systems consisting of programmable logic and 
micro blaze softcore processors. 

Apply 

CO4 Implement embedded systems on Zync FPGAs using programmable 
logic and processor system. 

Apply 

Sample List of Experiment* :  

 

1 Study the characteristics of NMOS and PMOS transistors with varying length and width 

2 Simulate basic complementary CMOS NAND and NOR gates and characterize for delay and 
power 

3 Simulate and characterize past transistor and transmission gate logic functions and compare with 
complementary CMOS gates 

4 Draw the layout for basic gates like NAND,NOR, transmission gate based XOR gate etc. , extract 
the  parasitics and characterize for delay and power 

5 Simulate static and dynamic sequential circuits and study setup and hold time 

6 Implement a UART interface using microblaze  and transfer data between PC and FPGA board 

7 Implement an ALU in programmable logic, interface with microblaze and test using UART 
interface 

8 Implement an ALU in programmable logic, interface with the processor system (PS) in ZYNC 
FPGA and verify the functionality using UART.  

*  The list is not exhaustive. Additional experiments or project based on the experiments can be 
included in the laboratory activity. 

 L  T P C 

0 0 4 1 




