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ARM MICROCONTROLLER & EMBEDDED SYSTEMS 
 

B.E., VI Semester, Electronics & Communication Engineering/ 
Telecommunication Engineering 

[As per Choice Based Credit System (CBCS) scheme] 
 

ARM MICROCONTROLLER & EMBEDDED SYSTEMS 

B.E., VI Semester, Electronics & Communication Engineering/ 
Telecommunication Engineering 

[As per Choice Based Credit System (CBCS) Scheme] 
 
Course Code 15EC62 IA Marks 20 
Number of Lecture 
Hours/Week 

04 Exam Marks 80 

Total Number of 
Lecture Hours 

50 (10 Hours / Module) Exam Hours 03 

CREDITS – 04 
Course objectives: This course will enable students to: 

• Understand the architectural features and instruction set of 32 bit 
microcontroller ARM Cortex M3. 

• Program ARM Cortex M3 using the various instructions and C language for 
different applications. 

• Understand the basic hardware components and their selection method based on 
the characteristics and attributes of an embedded system. 

• Develop the hardware software co-design and firmware design approaches. 
• Explain the need of real time operating system for embedded system applications. 

 
Module-1  

ARM-32 bit Microcontroller: Thumb-2 technology and applications of ARM, 
Architecture of ARM Cortex M3, Various Units in the architecture, Debugging support, 
General Purpose Registers, Special Registers, exceptions, interrupts, stack operation, 
reset sequence (Text 1: Ch 1, 2, 3)  L1, L2 

Module-2 
ARM Cortex M3 Instruction Sets and Programming: Assembly basics, Instruction 
list and description, Useful instructions, Memory mapping, Bit-band operations and 
CMSIS, Assembly and C language Programming (Text 1: Ch-4, Ch-5, Ch-10 (10.1, 
10.2, 10.3, 10.5 only)  L1, L2, L3 

Module-3 
Embedded System Components: Embedded Vs General computing system, 
Classification of Embedded systems, Major applications and purpose of ES. Core of 
an Embedded System including all types of processor/controller, Memory, Sensors, 
Actuators, LED, 7 segment LED display, Optocoupler, Relay, Piezo buzzer, Push 
button switch, Communication Interface (onboard and external types), Embedded 
firmware,   Other system components.  
(Text 2: All the Topics from Ch-1 and Ch-2, excluding 2.3.3.4 (stepper motor), 2.3.3.8 
(keyboard) and 2.3.3.9 (PPI) sections).  L1, L2, L3 

Module-4 
Embedded System Design Concepts: Characteristics and Quality Attributes of 
Embedded Systems, Operational and non-operational quality attributes, Embedded 



86  

Systems-Application and Domain specific,  Hardware Software Co-Design and 
Program Modelling (excluding UML), Embedded firmware design and development 
(excluding C language).  
(Text 2: Ch-3, Ch-4, Ch-7 (Sections 7.1, 7.2 only), Ch-9 (Sections 9.1, 9.2, 9.3.1, 
9.3.2 only)  L1, L2, L3 

Module-5 
RTOS and IDE for Embedded System Design: Operating System basics, Types of 
operating systems, Task, process and threads (Only POSIX Threads with an example 
program), Thread preemption, Preemptive Task scheduling techniques, Task 
Communication, Task synchronization issues – Racing and Deadlock, Concept of 
Binary and counting semaphores (Mutex example without any program),  How to 
choose an RTOS, Integration and testing of Embedded hardware and firmware, 
Embedded system Development Environment – Block diagram (excluding Keil),  
Disassembler/decompiler, simulator, emulator and debugging techniques  
(Text 2: Ch-10 (Sections 10.1, 10.2, 10.3, 10.5.2 , 10.7, 10.8.1.1, 10.8.1.2, 10.8.2.2, 
10.10 only), Ch 12, Ch-13 (a block diagram before 13.1, 13.3, 13.4, 13.5, 13.6 only) 
L1, L2, L3 
Course outcomes: After studying this course, students will be able to: 

• Describe the architectural features and instructions of 32 bit microcontroller ARM 
Cortex M3. 

• Apply the knowledge gained for Programming ARM Cortex M3 for different 
applications. 

• Understand the basic hardware components and their selection method based on 
the characteristics and attributes of an embedded system. 

• Develop the hardware /software co-design and firmware design approaches. 
• Explain the need of real time operating system for embedded system applications. 

 
Text  Books: 

1. Joseph Yiu, “The Definitive Guide to the ARM Cortex-M3”, 2nd Edition, Newnes, 
(Elsevier), 2010. 

 
2. Shibu K V, “Introduction to Embedded Systems”, Tata McGraw Hill Education 

Private Limited, 2nd Edition. 
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DIGITAL IMAGE PROCESSING 
B.E., VII Semester, Electronics & Communication Engineering 

[As per Choice Based Credit System (CBCS) scheme] 
 

Subject Code 15EC72 IA Marks 20 
Number of Lecture 
Hours/Week 

04 Exam Marks 80 

Total Number of 
Lecture Hours 

50 (10 Hours / 
Module) 

Exam Hours 03 

CREDITS – 04 
Course Objectives: The objectives of this course are to: 

• Understand the fundamentals of digital image processing  

• Understand the image transform used in digital image processing  
• Understand the image enhancement techniques used in digital image processing  
• Understand the image restoration techniques and methods used in digital image 

processing  
• Understand the Morphological Operations and Segmentation used in digital image 

processing  
 Module-1 RBT Level 

Digital Image Fundamentals: What is Digital Image Processing?, Origins 
of Digital Image Processing, Examples of fields that use DIP, Fundamental 
Steps in Digital Image Processing, Components of an Image Processing 
System, Elements of Visual Perception, Image Sensing and Acquisition, 
Image Sampling and Quantization, Some Basic Relationships Between 
Pixels, Linear and Nonlinear Operations.  
[Text: Chapter 1 and Chapter 2: Sections 2.1 to 2.5, 2.6.2] 

L1, L2 

Module-2  
Spatial Domain: Some Basic Intensity Transformation Functions, 
Histogram Processing, Fundamentals of Spatial Filtering, Smoothing 
Spatial Filters, Sharpening Spatial Filters 
Frequency Domain: Preliminary Concepts, The Discrete Fourier 
Transform (DFT) of Two Variables, Properties of the 2-D DFT, Filtering in 
the Frequency Domain, Image Smoothing and Image Sharpening Using 
Frequency Domain Filters, Selective Filtering.  
[Text: Chapter 3: Sections 3.2 to 3.6 and Chapter 4: Sections 4.2, 4.5 to 
4.10] 

L1, L2, 
L3 

Module-3  
Restoration: Noise models, Restoration in the Presence of Noise Only 
using Spatial Filtering and Frequency Domain Filtering, Linear, Position-
Invariant Degradations, Estimating the Degradation Function, Inverse 
Filtering, Minimum Mean Square Error (Wiener) Filtering, Constrained 
Least Squares Filtering.  
[Text: Chapter 5: Sections 5.2, to 5.9] 
 

L1, L2, 
L3 

Module-4  
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Color Image Processing: Color Fundamentals, Color Models, Pseudocolor 
Image Processing. 
Wavelets: Background, Multiresolution Expansions. 
Morphological Image Processing: Preliminaries, Erosion and Dilation, 
Opening and Closing, The Hit-or-Miss Transforms, Some Basic 
Morphological Algorithms. 
[Text: Chapter 6: Sections 6.1 to 6.3, Chapter 7: Sections 7.1 and 7.2, 
Chapter 9: Sections 9.1 to 9.5] 
 

L1, L2, 
L3 

Module-5  
Segmentation: Point, Line, and Edge Detection, Thresholding, Region-
Based Segmentation, Segmentation Using Morphological Watersheds. 
Representation and Description: Representation, Boundary descriptors. 
[Text: Chapter 10: Sections 10.2, to 10.5 and Chapter 11: Sections 11.1 
and 11.2] 

L1, L2, 
L3 

Course Outcomes: At the end of the course students should be able to:  

• Understand image formation and the role human visual system plays in 
perception of gray and color image data.  

• Apply image processing techniques in both the spatial and frequency (Fourier) 
domains.  

• Design image analysis techniques in the form of image segmentation and to 
evaluate the Methodologies for segmentation.  

• Conduct independent study and analysis of Image Enhancement techniques.  
 Question paper pattern: 

• The question paper will have ten questions. 
• Each full question consists of 16 marks. 
• There will be 2 full questions (with a maximum of Three sub questions) from each 

module. 
• Each full question will have sub questions covering all the topics under a module. 

The students will have to answer 5 full questions, selecting one full question from 
each module. 

Text  Book: 
Digital Image Processing- Rafel C Gonzalez and Richard E. Woods, PHI 3rd 
Edition 2010. 

Reference Books: 
1. Digital Image Processing- S.Jayaraman, S.Esakkirajan, T.Veerakumar, Tata 

McGraw Hill 2014. 
2. Fundamentals of Digital Image Processing-A. K. Jain, Pearson 2004. 
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CONTROL SYSTEMS  
SEMESTER – IV (EC/TC) 

[As per Choice Based Credit System (CBCS) Scheme] 

Course Code 17EC43 CIE Marks 40 

Number of Lecture 
Hours/Week 

04 SEE Marks 60 

Total Number of 
Lecture Hours 

50(10 Hours per Module) Exam Hours 03 

CREDITS – 04 

Course objectives: This course will enable students to: 

 

 Understand the basic features, configurations and application of control systems.  

 Understand various terminologies and definitions for the control systems.  

 Learn how to find a mathematical model of electrical, mechanical and electro-

mechanical systems. 

 Know how to find time response from the transfer function. 

 Find the transfer function via Masons‘ rule. 

 Analyze the stability of a system from the transfer function. 

 
Module -1 

Introduction to Control Systems: Types of Control Systems, Effect of Feedback 
Systems, Differential equation of Physical Systems – Mechanical Systems, Electrical 

Systems, Analogous Systems. Block diagrams and signal flow graphs: Transfer 
functions, Block diagram algebra and Signal Flow graphs. L1, L2, L3 
 

 

 
Module -2 

Time Response of feedback control systems: Standard test signals, Unit step response 
of First and Second order Systems. Time response specifications, Time response 

specifications of second order systems, steady state errors and error constants. 
Introduction to PI, PD and PID Controllers (excluding design). L1, L2, L3 

Module -3 

Stability analysis: Concepts of stability, Necessary conditions for Stability, Routh 

stability criterion, Relative stability analysis: more on the Routh stability criterion, 
Introduction to Root-Locus Techniques, The root locus concepts, Construction of root 
loci. L1, L2, L3 

 
 
 
 
 

Module -4 

Frequency domain analysis and stability:  

Correlation between time and frequency response, Bode Plots, Experimental 
determination of transfer function.  
Introduction to Polar Plots, (Inverse Polar Plots excluded) Mathematical preliminaries, 

Nyquist Stability criterion, (Systems with transportation lag excluded) 
Introduction to lead, lag and lead-lag compensating networks (excluding design). 
L1, L2, L3 

Module -5 
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Introduction to Digital Control System: Introduction, Spectrum Analysis of 
Sampling process, Signal reconstruction, Difference equations.  Introduction to State 
variable analysis: Introduction, Concept of State, State variables & State model, 
State model for Linear Continuous & Discrete time systems, Diaganolisation. 

L1, L2, L3 

Course Outcomes: At the end of the course, the students will be able to 

 Develop the mathematical model of mechanical and electrical systems 

 Develop transfer function for a given control system using block diagram 
reduction techniques and signal flow graph method 

 Determine the time domain specifications for first and second order systems 

 Determine the stability of a system in the time domain using Routh-Hurwitz 

criterion and Root-locus technique. 

 Determine the stability of a system in the frequency domain using Nyquist and 

bode plots 

 Develop a control system model in continuous and discrete time using state 

variable techniques 
 

 

 

Text  Book: 
J.Nagarath and M.Gopal, ― Control Systems Engineering‖, New Age International 

(P) Limited, Publishers, Fifth edition-2005, ISBN: 81-224-2008-7. 

Reference Books: 

1. ―Modern Control Engineering,‖ K.Ogata, Pearson Education Asia/PHI, 4th 
Edition, 2002. ISBN 978-81-203-4010-7. 

2. ―Automatic Control Systems‖, Benjamin C. Kuo, John Wiley India Pvt. Ltd., 8th 

Edition, 2008. 

3. ―Feedback and Control System,‖ Joseph J Distefano III et al., Schaum‘s 
Outlines, TMH, 2nd Edition 2007. 
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ARM MICROCONTROLLER & EMBEDDED SYSTEMS 

B.E., VI Semester, Electronics & Communication Engineering/ 
Telecommunication Engineering 

[As per Choice Based Credit System (CBCS) Scheme] 
 

Course Code 17EC62 CIE Marks 40 

Number of Lecture 
Hours/Week 

04 SEE Marks 60 

Total Number of 
Lecture Hours 

50 (10 Hours / Module) Exam Hours 03 

CREDITS – 04 

Course objectives: This course will enable students to: 

 Understand the architectural features and instruction set of 32 bit 
microcontroller ARM Cortex M3. 

 Program ARM Cortex M3 using the various instructions and C language for 
different applications. 

 Understand the basic hardware components and their selection method based on 
the characteristics and attributes of an embedded system. 

 Develop the hardware software co-design and firmware design approaches. 

 Explain the need of real time operating system for embedded system applications. 

 

Module-1  

ARM-32 bit Microcontroller: Thumb-2 technology and applications of ARM, 
Architecture of ARM Cortex M3, Various Units in the architecture, Debugging support, 
General Purpose Registers, Special Registers, exceptions, interrupts, stack operation, 

reset sequence (Text 1: Ch 1, 2, 3)  L1, L2 

Module-2 

ARM Cortex M3 Instruction Sets and Programming: Assembly basics, Instruction 
list and description, Useful instructions, Memory mapping, Bit-band operations and 

CMSIS, Assembly and C language Programming (Text 1: Ch-4, Ch-5, Ch-10 (10.1, 
10.2, 10.3, 10.5 only)  L1, L2, L3 

Module-3 

Embedded System Components: Embedded Vs General computing system, 

Classification of Embedded systems, Major applications and purpose of ES. Core of 
an Embedded System including all types of processor/controller, Memory, Sensors, 
Actuators, LED, 7 segment LED display, Optocoupler, Relay, Piezo buzzer, Push 

button switch, Communication Interface (onboard and external types), Embedded 
firmware,   Other system components.  

(Text 2: All the Topics from Ch-1 and Ch-2, excluding 2.3.3.4 (stepper motor), 2.3.3.8 
(keyboard) and 2.3.3.9 (PPI) sections).  L1, L2, L3 

Module-4 

Embedded System Design Concepts: Characteristics and Quality Attributes of 
Embedded Systems, Operational and non-operational quality attributes, Embedded 

Systems-Application and Domain specific,  Hardware Software Co-Design and 
Program Modelling (excluding UML), Embedded firmware design and development 

(excluding C language).  
(Text 2: Ch-3, Ch-4, Ch-7 (Sections 7.1, 7.2 only), Ch-9 (Sections 9.1, 9.2, 9.3.1, 
9.3.2 only)  L1, L2, L3 
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Module-5 

RTOS and IDE for Embedded System Design: Operating System basics, Types of 

operating systems, Task, process and threads (Only POSIX Threads with an example 
program), Thread preemption, Preemptive Task scheduling techniques, Task 

Communication, Task synchronization issues – Racing and Deadlock, Concept of 
Binary and counting semaphores (Mutex example without any program),  How to 
choose an RTOS, Integration and testing of Embedded hardware and firmware, 

Embedded system Development Environment – Block diagram (excluding Keil),  
Disassembler/decompiler, simulator, emulator and debugging techniques  
(Text 2: Ch-10 (Sections 10.1, 10.2, 10.3, 10.5.2 , 10.7, 10.8.1.1, 10.8.1.2, 10.8.2.2, 

10.10 only), Ch 12, Ch-13 (a block diagram before 13.1, 13.3, 13.4, 13.5, 13.6 only) 
L1, L2, L3 

Course outcomes: After studying this course, students will be able to: 

 Describe the architectural features and instructions of 32 bit microcontroller ARM 
Cortex M3. 

 Apply the knowledge gained for Programming ARM Cortex M3 for different 
applications. 

 Understand the basic hardware components and their selection method based on 

the characteristics and attributes of an embedded system. 

 Develop the hardware /software co-design and firmware design approaches. 

 Explain the need of real time operating system for embedded system applications. 
 

Text  Books: 

1. Joseph Yiu, ―The Definitive Guide to the ARM Cortex-M3‖, 2nd Edition, Newnes, 
(Elsevier), 2010. 

 
2. Shibu K V, ―Introduction to Embedded Systems‖, Tata McGraw Hill Education 

Private Limited, 2nd Edition. 
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EMBEDDED CONTROLLER LAB   

B.E., VI Semester, Electronics & Communication Engineering/ 
Telecommunication Engineering 

[As per Choice Based Credit System (CBCS) Scheme] 
 
Course Code 17ECL67 CIE Marks 40 

Number of Lecture 

Hours/Week 

01Hr Tutorial (Instructions) 
+  02 Hours Laboratory = 03 

SEE Marks 60 

RBT Levels L1, L2, L3 Exam Hours 03 

CREDITS – 02 

Course objectives: This course will enable students to: 

 Understand the instruction set of ARM Cortex M3, a 32 bit microcontroller and the 

software tool required for programming in Assembly and C language. 

 Program ARM Cortex M3 using the various instructions in assembly level language 

for different applications. 

 Interface external devices and I/O with ARM Cortex M3. 

 Develop C language programs and library functions for embedded system 
applications. 

 
Laboratory Experiments 

 
PART-A: Conduct the following Study experiments to learn ALP using ARM 
Cortex M3 Registers using an Evaluation board and the required software tool. 

 
1. ALP to multiply two 16 bit binary numbers. 
2. ALP to find the sum of first 10 integer numbers. 

 
PART-B: Conduct the following experiments on an ARM CORTEX M3 

evaluation board using evaluation version of Embedded 'C' & Keil uVision-4 
tool/compiler. 

 
1. Display ―Hello World‖ message using Internal UART. 

2. Interface and Control a DC Motor. 

3. Interface a Stepper motor and rotate it in clockwise and anti-clockwise 

direction. 
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4. Interface a DAC and generate Triangular and Square waveforms. 

5. Interface a 4x4 keyboard and display the key code on an LCD. 

6. Using the Internal PWM module of ARM controller generate PWM and vary its 

duty cycle. 

7. Demonstrate the use of an external interrupt to toggle an LED On/Off. 

8. Display the Hex digits 0 to F on a 7-segment LED interface, with an 

appropriate delay in between. 

9. Interface a simple Switch and display its status through Relay, Buzzer and  

LED. 

10. Measure Ambient temperature using a sensor and SPI ADC IC. 

 
Course outcomes: After studying this course, students will be able to: 

 Understand the instruction set of 32 bit microcontroller ARM Cortex M3, and the 

software tool required for programming in Assembly and C language. 

 Develop assembly language programs using ARM Cortex M3 for different 

applications. 

 Interface external devices and I/O with ARM Cortex M3. 

 Develop C language programs and library functions for embedded system 
applications. 

Conduction of Practical Examination: 
 
1. PART-B experiments using Embedded-C are only to be considered for the practical 

examination. PART-A ALP programs are for study purpose and can be considered 
for Internal Marks evaluation. 
 

2. Strictly follow the instructions as printed on the cover page of answer script for 
breakup of marks. 

 
3. Change of experiment is allowed only once and Marks allotted to the procedure 

part to be made zero. 
 

 
 
 
 
 

 

 

 

 

 

 

 



B. E. 2018 Scheme Fourth Semester Syllabus (EC I TC)
Choice Based Credit System (CBCS) and Outcome Based Education (OBE)

ANALOG CIRCUITS

Course Code : 18EC42 CIE Marks : 40
Lecture Hours/Week : 03 + 2 (Tutorial) SEE marks :60
Total Number of Lecture Hours : 50 (10 Hrs /Module) Exam Hours: 03

CREDITS : 04

Course Learning Objectives: This course will enable students to:
• Explain various BJT parameters, connections and configurations.
• Design and demonstrate the diode circuits and transistor amplifiers.
• Explain various types of FET biasing, and demonstrate the use of FET

amplifiers.
• Construct frequency response of FET amplifiers at various frequencies.
• Analyze Power amplifier circuits in different modes of operation.
• Construct Feedback and Oscillator circuits using FET.

Module -1
BJT Biasing: Biasing in BJT amplifier circuits: The Classical Discrete circuit
bias (Voltage-divider bias), Biasing using a collector to base feedback resistor.
Small signal operation and Models: Collector current and transconductance,
Base current and input resistance, Emitter current and input resistance, voltage
gain, Separating the signal and the DC quantities, The hybrid H model.
MOSFETs: Biasing in MOS amplifier circuits: Fixing VQS, Fixing V , Drain
to Gate feedback resistor.
Small signal operation and modeling: The DC bias point, signal current in
drain, voltage gain, small signal equivalent circuit models, transconductance.
[Text 1: 3.5(3.5.1, 3.5.3), 3.6(3.6.1 to 3.6.6), 4.5(4.5.1, 4.5.2, 4.5.3), 4.6(4.6.1
to 4.6.6) ] LI, L2,L3

Module -2
MOSFET Amplifier configuration: Basic configurations, characterizing
amplifiers, CS amplifier with and without source resistance Rs Source follower.
MOSFET internal capacitances and High frequency model: The gate capacitive
effect, Junction capacitances, High frequency model.
Frequency response of the CS amplifier: The three frequency bands, high
frequency response, Low frequency response.
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Oscillators: FET based Phase shift oscillator, LC and Crystal Oscillators (no
derivation)
[Text 1: 4.7(4.7.1 to 4.7.4, 4.7.6) 4.8(4.8.1, 4.8.2, 4.8.3), 4.9, 12.2.2, 12.3.1,
12.3.2] L1,L2, L3

Module -3
Feedback Amplifier: General feedback structure, Properties of negative
feedback, The Four Basic Feedback Topologies, The series-shunt, series-series,
shunt-shunt and shunt-series amplifiers (Qualitative Analysis).
Output Stages and Power Amplifiers: Introduction, Classification of output
stages,, Class A output stage, Class B output stage: Transfer Characteristics,
Power Dissipation, Power Conversion efficiency, ClassAB output stage, Class
C tuned Amplifier.
[Text 1: 7.1, 7.2, 7.3, 7.4.1, 7.5.1, 7.6 (7.6.1 to 7.6.3), 13.1, 13.2, 13.3 (13.3.1,
13.3.2, 13.3.3, 13.4, 13.7)] LI, L2, L3

Module -4
Op-Amp with Negative Feedback and general applications
Inverting and Non inverting Amplifiers - Closed Loop voltage gain, Input
impedance, Output impedance, Bandwidth with feedback. DC and AC
Amplifiers, Summing, Scaling and Averaging Amplifiers, Instrumentation
amplifier, Comparators, Zero Crossing Detector, Schmitt trigger.
[Text 2: 3.3(3.3.1 to 3.3.6), 3.4(3.4.1 to 3.4.5) 6.2, 6.5, 6.6 (6.6.1), 8.2, 8.3, 8.4]

LI, L2, L3

Module -5
Op-Amp Circuits: DAC - Weighted resistor and R-2R ladder, ADC-
Successive approximation type, Small Signal half wave rectifier, Active Filters,
First and second order low-pass and high-pass Butterworth filters, Band-pass
filters, Band reject filters.
555 Timer and its applications: Monostable and a stable Multivibrators.
[Text 2: 8.11(8.11.1a, 8.11.1b), 8.11.2a, 8.12.2, 7.2, 7.3, 7.4, 7.5, 7.6, 7.8, 7.9,
9.4.1, 9.4.1(a), 9.4.3, 9.4.3(a)] L1,L2,L3

Course Outcomes:At the end of this course students will demonstrate the
ability to

1. Understand the characteristics of BJTs and FETs.
2. Design and analyze BJT and FET amplifier circuits.
3. Design sinusoidal and non-sinusoidal oscillators.
4. Understand the functioning of linear ICs.
5. Design of Linear IC based circuits.
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Question paper pattern:
• Examination will be conducted for 100 marks with question paper

containing 10 full questions, each of 20 marks.
• Each foil question can have a maximum of 4 sub questions.
• There will be 2 full questions from each module covering all the topics

of the module.
• Students will have to answer 5 foil questions, selecting one foil question

from each module.
• The total marks will be proportionally reduced to 60 marks as SEE

marks is 60.

Text Books:
1. Microelectronic Circuits, Theory and Applications,Adel S Sedra, Kenneth

C Smith, 6th Edition, Oxford, 2015. ISBN:978-0-19-808913-l
2. Op-Amps and Linear Integrated Circuits, Ramakant A Gayakwad, 4th

Edition. Pearson Education, 2000. ISBN: 8120320581

Reference Books:
1. Electronic Devices and Circuit Theory, Robert L Boylestad and Louis

Nashelsky, 11th Edition, Pearson Education, 2013, ISBN: 978-93-325-
4260-0.

2. Fundamentals of Microelectronics, Behzad Razavi, 2nd Edition, John
Weily, 2015, ISBN 978-81-265-7135-2

3. J.Millman & C.C. Halkias—Integrated Electronics, 2nd edition, 2010,
TMH. ISBN 0-07-462245-5
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CONTROL SYSTEMS

Course Code : 18EC43 CIE Marks : 40
Lecture Hours/Week : 3 SEE Marks : 60
Total Number of Lecture Hours : 40(8 Hrs/Module) Exam Hours: 03

CREDITS—03

Course Learning Objectives: This course will enable students to:
• Understand the basic features, configurations and application of control

systems.
• Understand various terminologies and definitions for the control

systems.
• Learn how to find a mathematical model of electrical, mechanical and

electro- mechanical systems.
• Know how to find time response from the transfer function.
• Find the transfer function via Masons’ rule.
• Analyze the stability of a system from the transfer function.

Module - 1
Introduction to Control Systems: Types of Control Systems, Effect of
Feedback Systems, Differential equation of Physical Systems -Mechanical
Systems, Electrical Systems, Electromechanical systems, Analogous Systems.

LI, L2, L3
Module - 2

Block diagrams and signal flow graphs: Transfer functions, Block
diagram algebra and Signal Flow graphs.

LI, L2, L3

Module - 3
Time Response of feedback control systems: Standard test signals, Unit
step response of First and Second order Systems. Time response
specifications, Time response specifications of second order systems, steady
state errors and error constants. Introduction to PI, PD and PID Controllers
(excluding design). LI, L2, L3

Module - 4
Stability analysis: Concepts of stability, Necessary conditions for Stability,
Routh stability criterion, Relative stability analysis: more on the Routh
stability criterion.
Introduction to Root-Locus Techniques, The root locus concepts,
Construction of rootloci.
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Frequency domain analysis and stability: Correlation between time and
frequency response, Bode Plots, Experimental determination of transfer
function.

LI, L2, L3
Module - 5

Introduction to Polar Plots, (Inverse Polar Plots excluded) Mathematical
preliminaries, Nyquist Stability criterion, (Systems with transportation lag
excluded)
Introduction to lead, lag and lead- lag compensating networks (excluding
design).
Introduction to State variable analysis: Concepts of state, state variable
and state models for electrical systems, Solution of state equations.

LI, L2, L3

Course Outcomes: At the end of the course, the students will be able to
1. Develop the mathematical model of mechanical and electrical

systems.
2. Develop transfer function for a given control system using block

diagram reduction techniques and signal flow graph method.
3. Determine the time domain specifications for first and second order

systems.
4. Determine the stability of a system in the time domain using Routh-

Hurwitz criterion and Root-locus technique.
5. Determine the s stability of a system in the frequency domain using

Nyquist and bode plots.

Question paper pattern:
• Examination will be conducted for 100 marks with question paper

containing 10 full questions, each of 20 marks.
• Each full question can have a maximum of 4 sub questions.
• There will be 2 full questions from each module covering all the topics

of the module.
• Students will have to answer 5 full questions, selecting one full question

from each module.
• The total marks will be proportionally reduced to 60 marks as SEE marks

is 60.

TextBook:
1. J. Nagarath and M. Gopal, “Control Systems Engineering”, New Age

International(P) Limited, Publishers, Fifth edition- 2005, ISBN: 81 -
224-2008-7.
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Reference Books:
1. “Modern Control Engineering”, K. Ogata, Pearson Education Asia/ PHI,

4th Edition, 2002. ISBN 978 -81 -203-4010-7.
2. “Automatic Control Systems”, Benjamin C. Kuo, John Wiley India Pvt.

Ltd., 8th Edition, 2008.
3. “Feedback and Control System,” Joseph J Distefano III et. al., Schaum’s

Outlines, TMH, 2nd Edition 2007.
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MICROCONTROLLER

Course Code : 18EC46 CIE Marks : 40
Lecture Hours/Week : 03 SEE Marks : 60
Total Number of Lecture Hours : 40 (8 Hours / Module) Exam Hours:03

CREDITS-03
Course Learning Objectives: This course will enable students to:
• Understand the difference between a Microprocessor and a

Microcontroller and embedded microcontrollers.
• Familiarize the basic architecture of 8051 microcontroller.
• Program 8051microprocessor using Assembly Level Language and C.
• Understand the interrupt system of 8051 and the use of interrupts.
• Understand the operation and use of inbuilt Timers/Counters and Serial

port of 8051.
• Interface 8051 to external memory and I/O devices using its I/O ports.

Module-1
8051 Microcontroller: Microprocessor vs Microcontroller, Embedded Systems,
Embedded Microcontrollers, 8051 Architecture- Registers, Pin diagram, I/O ports
lunctions, Internal Memory organization. External Memory (ROM & RAM)
interfacing.

L1,L2
Module -2

8051 Instruction Set: Addressing Modes, Data Transfer instructions,
Arithmetic instructions, Logical instructions, Branch instructions, Bit
manipulation instructions. Simple Assembly language program examples
(without loops) to use these instructions.

LI, L2
Module-3

8051 Stack, I/O Port Interfacing and Programming: 8051 Stack, Stack and
Subroutine instructions. Assembly language program examples on subroutine
and involving loops.
Interfacing simple switch and LED to I/O ports to switch on/off LED with
respect to switch status. LI, L2, L3

Module -4
8051 Timers and Serial Port: 8051 Timers and Counters - Operation and
Assembly language programming to generate a pulse using Mode-1 and a
square wave using Mode-2 on a port pin. 8051 Serial Communication- Basics of
Serial Data Communication, RS-232 standard, 9 pin RS232 signals. Simple Serial
Port programming in Assembly and C to transmit a message and to receive data
serially. LI, L2, L3
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Module -5
8051 Interrupts and InterfacingApplications: 8051 Interrapts. 8051 Assembly
language programming to generate an external interrupt using a switch, 8051 C
programming to generate a square waveform on a port pin using a Timer
interrupt. Interfacing 8051 to ADC-0804, DAC, LCD and Stepper motor and
their 8051 Assembly language interfacing programming.

LI, L2, L3

Course outcomes: At the end of the course, students will be able to:
1. Explain the difference between Microprocessors & Microcontrollers,

Architecture of 8051 Microcontroller, Interfacing of 8051 to external
memory and Instruction set of 8051.

2. Write 8051 Assembly level programs using 8051 instruction set.
3. Explain the Interrupt system, operation of Timers/Counters and Serial

port of 8051.
4. Write 8051 Assembly language programs to generate square wave on

8051 I/O port pin using interrupt and C Programme to send & receive
serial data using 805 1 serial port.

5. Interface simple switches, simple LEDs, ADC 0804, LCD and Stepper
Motor to 8051 using 8051 I/O ports.

Question paper pattern:
• Examination will be conducted for 100 marks with question paper

containing 10 full questions, each of 20 marks.
• Each full question can have a maximum of 4 sub questions.
• There will be 2 full questions from each module covering all the topics

of the module.
• Students will have to answer 5 full questions, selecting one full question

from each module.
• The total marks will be proportionally reduced to 60 marks as SEE

marks is 60.

Text Books:

1. “The 8051 Microcontroller and Embedded Systems - using assembly
and C”, Muhammad Ali Mazidi and Janice Gillespie Mazidi and Rollin D.
McKinlay; PHI, 2006 / Pearson, 2006.

2. “The 8051 Microcontroller”, Kenneth J. Ayala, 3rd Edition, Thomson/
Cengage Learning.
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Reference Books:
1. “The 8051 Microcontroller Based Embedded Systems”, Manish K Patel,

McGrawHill, 2014, ISBN: 978-93-329-0125-4.
2. “Microcontrollers: Architecture, Programming, Interfacing and System

Design”, Raj Kamal, Pearson Education, 2005.
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MICROCONTROLLER LABORATORY

Laboratory Code : 18ECL47 CIE Marks : 40 SEE Marks : 60
Lecture Hours/Week : 02 Hours Tutorial (Instructions) + 02 Hours Laboratory
RBT Levels : LI, L2, L3 Exam Hours : 03

CREDITS 02

Course Learning Objectives: This laboratory course enables students to
• Understand the basics of microcontroller and its applications.

• Have in-depth knowledge of 8051 assembly language programming.

• Understand controlling the devices using C programming.
• The concepts of I/O interfacing for developing real time embedded

systems.

Laboratory Experiments
I. PROGRAMMING
1. Data Transfer: Block Move, Exchange, Sorting, Finding largest element

in an array.
2. Arithmetic Instructions - Addition/subtraction, multiplication and

division, square, Cube-(16 bits Arithmetic operations-bit addressable).
3. Counters.
4. Boolean & Logical Instructions (Bit manipulations).
5. Conditional CALL & RETURN.
6. Code conversion: BCD-ASCII;ASCII -Decimal; Decimal -ASCII; HEX

- Decimal and Decimal - HEX.
7. Programs to generate delay, Programs using serial port and on-Chip

timer/counter.

II. INTERFACING
1. Interface a simple toggle switch to 8051 and write an ALP to generate an

interrupt which switches on an LED (i) continuously as long as switch
is on and (ii) only once for a small time when the switch is turned on.

2. Write a C program to (i) transmit and (ii) to receive a set of characters
serially by interfacing 8051 to a terminal.

3. Write ALPs to generate waveforms using ADC interface.
4. Write ALP to interface an LCD display and to display a message on it.
5. Write ALP to interface a Stepper Motor to 8051 to rotate the motor.
6. Write ALP to interface ADC-0804 and convert an analog input connected

to it.
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Course Outcomes: On the completion of this laboratory course, the students
will be able to:

1. Enhance programming skills using Assembly language and C.
2. Write Assembly language programs in 8051 for solving simple problems

that manipulate input data using different instructions of 8051.
3. Interface different input and output devices to 8051 and control them

using Assembly language programs.
4. Interface the serial devices to 8051 and do the serial transfer using C

programming.
5. Develop applications based on Microcontroller 8051.

Conduct of Practical Examination:
• All laboratory experiments are to be included for practical examination.

• Students are allowed to pick one experiment from the lot.

• Strictly follow the instructions as printed on the cover page of answer
script for breakup of marks.

• Change of experiment is allowed only once and 15% Marks allotted to
the procedure part to be made zero.
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ANALOG CIRCUITS LABORATORY

Laboratory Code : 18ECL48 CIE Marks : 40 SEE Marks : 60
Lecture Hours/Week : 02 Hours Tutorial (Instructions) + 02 Hours Laboratory
RBT Levels : LI, L2, L3 Exam Hours : 03

CREDITS 02

Course Learning Objectives: This laboratory course enables students to
• Understand the circuit configurations and connectivity of BJT and FET

Amplifiers and Study of frequency response
• Design and test of analog circuits using OPAMPs
• Understand the feedback configurations of transistor and OPAMP

circuits
• Use of circuit simulation for the analysis of electronic circuits.

Laboratory Experiments
PART A : Hardware Experiments
1. Design and setup the Common Source JFET/MOSFET amplifier and

plot the frequency response.
2. Design and set up the BJT common emitter voltage amplifier with and

without feedback and determine the gain- bandwidth product, input and
output impedances.

3. Design and set-up BJT/FET i) Colpitts Oscillator and ii) Crystal Oscillator
4. Design active second order Butterworth low pass and high pass filters.
5. Design Adder, Integrator and Differentiator circuits using Op-Amp
6. Test a comparator circuit and design a Schmitt trigger for the given UTP

and LTP values and obtain the hysteresis.
7. Design 4 bit R-2R Op-Amp Digital to Analog Converter (i) using 4 bit

binary input from toggle switches and (ii) by generating digital inputs
using mod-16 counter.

8. Design Monostable and a stable Multivibrator using 555 Timer.

PART-B : Simulation using EDA software (EDWinXP, PSpice, MultiSim,
Proteus, CircuitLab or any other equivalent tool can be used)

1. RC Phase shift oscillator and Hartley oscillator
2. Narrow Band-pass Filter and Narrow band-reject filter
3. Precision Half and full wave rectifier
4. Monostable and Astable Multivibrator using 555 Timer.
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Course Outcomes: On the completion of this laboratory course, the students
will be able to:

1. Analyze Frequency response of JFET/MOSFET amplifier.
2. Design BJT/FETs amplifier with and without feedback and evaluate their

performance characteristics.
3. Apply the knowledge gained in the design ofBJT/FET circuits in Oscilla¬

tors.
4. Design analog circuits using OPAMPs for different applications.
5. Simulate and analyze analog circuits that uses ICs for different electronic

applications.

Conduct of Practical Examination:
• All laboratory experiments are to be included for practical examination.
• Students are allowed to pick one experiment from the lot.
• Strictly follow the instructions as printed on the cover page of answer

script for breakup of marks.
• Change of experiment is allowed only once and Marks allotted to the

procedure part to be made zero.

Reference Books:
1. David A Bell, “Fundamentals of Electronic Devices and Circuits Lab

Manual, 5th Edition, 2009, Oxford University Press.
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DIGITALSIGNALPROCESSING

Course Code : 18EC52 CIE Marks : 40
Lecture Hours/Week : 03 + 2 (Tutorial) SEE marks :60
Total Number of Lecture Hours : 50 (10 Hrs /Module) Exam Hours: 03

CREDITS : 04
Course Learning Objectives: This course will enable students to
• Understand the frequency domain sampling and reconstruction of

discrete time signals.
• Study the properties and the development of efficient algorithms for

the computation of DFT.
• Realization of FIR and IIR filters in different structural forms.
• Learn the procedures to design of IIR fdters from the analog filters

using impulse invariance and bilinear transformation.
• Study the different windows used in the design of FIR filters and design

appropriate filters based on the specifications.
• Understand the architecture and working of DSP processor

Module-1
Discrete Fourier Transforms (DFT): Frequency domain sampling and
Reconstruction of Discrete Time Signals, The Discrete Fourier Transform,
DFT as a linear transformation, Properties of the DFT: Periodicity, Linearity
and Symmetry properties, Multiplication of two DFTs and Circular
Convolution, Additional DFT properties.
[Textl], L1,L2,L3

Module-2
Linear filtering methods based on the DFT: Use of DFT in Linear Filtering,
Filtering of Long data Sequences.
Fast-Fourier-Transform (FFT) algorithms: Efficient Computation of the
DFT: Radix-2 FFT algorithms for the computation ofDFT and IDFT-decimation-
in-time and decimation-in-frequency algorithms.
[Text 1], L1,L2, L3

Module-3
Design of FIR Filters: Characteristics of practical frequency-selective filters,
Symmetric and Antisymmetric FIR filters, Design of Linear-phase FIR filters
using windows - Rectangular, Hamming, Hanning, Bartlett windows. Design of
FIR filters using frequency sampling method. Structure for FIR Systems: Direct
form, Cascade form and Lattice structures.
[Textl], L1,L2,L3
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Module^
HR Filter Design: Infinite Impulse response Filter Format, Bilinear
Transformation Design Method, Analog Filters using Lowpass prototype
transformation, Normalized Butterworth Functions, Bilinear Transformation and
Frequency Warping, Bilinear Transformation Design Procedure, Digital
Butterworth Filter Design using BLT. Realization of IIR Filters in Direct form
I and II.
[Text 2], L1,L2,L3

Module-5
Digital Signal Processors: DSPArchitecture, DSP Hardware Units, Fixed point
format, Floating point Format, IEEE Floating point formats, Fixed point digital
signal processors, Floating point processors, FIR and IIR filter implementations
in Fixed point systems.
[Text 2], L1,L2,L3

Course Outcomes: After studying this course, students will be able to:
1. Determine response of LTI systems using time domain and DFT

techniques.
2. Compute DFT of real and complex discrete time signals.
3. Compute DFT using FFT algorithms and linear filtering approach.
4. Design and realize FIR and IIR digital filters.
5. Understand the DSP processor architecture.

Question paper pattern:
• Examination will be conducted for 100 marks with question paper

containing 10 full questions, each of 20 marks.
• Each full question can have a maximum of 4 sub questions.
• There will be 2 full questions from each module covering all the topics

of the module.
• Students will have to answer 5 full questions, selecting one full question

from each module.
• The total marks will be proportionally reduced to 60 marks as SEE marks

is 60

Text Book:
1. Proakis & Manolakis, “Digital Signal Processing-Principles Algorithms

& Applications”, 4th Edition, Pearson education, New Delhi, 2007. ISBN:
81-317-1000-9.

2. Li Tan, Jean Jiang, “Digital Signal processing - Fundamentals and
Applications”, Academic Press, 2013, ISBN: 978-0-12-415893.
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Reference Books:
1. Sanjit K Mitra, “Digital Signal Processing,A Computer Based Approach”,

4th Edition, McGraw Hill Education, 2013,
2. Oppenheim & Schaffer, “Discrete Time Signal Processing” , PHI, 2003.
3. D.Ganesh Rao and Vineeth P Gejji, “Digital Signal Processing”

Cengage India Private Limited, 2017, ISBN: 9386858231
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DIGITALSIGNALPROCESSING LABORATORY

Course Code : 18ECL57 CIE Marks : 40 SEE Marks : 60
Lecture Hours/Week: 02 Hours Tutorial (Instructions) + 02 Hours Laboratory
RBT Level :L1, L2, L3 Exam Hours : 03

CREDITS-02

Course Learning Objectives: This course will enable students to
•Simulate discrete time signals and verification of sampling theorem.
•Compute the DFT for a discrete signal and verification of its properties

using MATLAB.
•Find solution to the difference equations and computation of convolution

and correlation along with the verification of properties.
•Compute and display the filtering operations and compare with the theo¬

retical values.
•Implement the DSP computations on DSP hardware and verify the result.

Laboratory Experiments

Following Experiments to be done using MATLAB I SCILAB / OCTAVE or
equivalent:

1. Verification of sampling theorem (use interpolation function).

2. Linear and circular convolution of two given sequences, Commutative,
distributive and associative property of convolution.

3. Auto and cross correlation of two sequences and verification of their
properties

4. Solving a given difference equation.

5. Computation of N point DFT of a given sequence and to plot magnitude
and phase spectrum (using DFT equation and verify it by built-in
routine).

6. (i) Verification of DFT properties (like Linearity and Parseval’s theorem,
etc.)
(ii) DFT computation of square pulse and Sine function etc.
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7. Design and implementation of Low pass and High pass FIR fdter to meet
the desired specifications (using different window techniques) and test
the filter with an audio file. Plot the spectrum of audio signal before and
after filtering.

8. Design and implementation of a digital IIR filter (Low pass and High
pass) to meet given specifications and test with an audio file. Plot the
spectrum of audio signal before and after filtering.

Following Experiments to be done using DSP kit
9. Obtain the Linear convolution of two sequences.
10. Compute Circular convolution of two sequences.
11. Compute the N-point DFT of a given sequence.
12. Determine the Impulse response of first order and second order system.
13. Generation of sine wave and standard test signals

Course Outcomes:
On the completion of this laboratory course, the students will be able to:

1. Understand the concepts of analog to digital conversion of signals
and frequency domain sampling of signals.

2. Model the discrete time signals and systems and verify its properties
and results.

3. Implement discrete computations using DSP processor and verify
the results.

4. Realize the digital filters using a simulation tool and analyze the re¬
sponse of the filter for an audio signal.

5. Write programs using Matlab / Scilab/Octave to illustrate DSP con¬
cepts.

Conduct of Practical Examination:
1. All laboratory experiments are to be included for practical examination.
2. Strictly follow the instructions as printed on the cover page of answer

script for breakup of marks.
3. Change of experiment is allowed only once and Marks allotted to the

procedure part to be made zero.

Reference Books:
1. VinayK Ingle, John G Proakis, Digital Signal Processing using MATLAB,

Fourth Edition, Cengage India Private Limited, 2017.
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B. E. 2018 Scheme Sixth Semester Syllabus (EC)
Choice Based Credit System (CBCS) and Outcome Based Education (OBE)

SEMESTER-VI
DIGITAL COMMUNICATION

Course Code :18EC61 CIE Marks : 40
Lecture Hours/Week : 03 + 2 (Tutorial) SEE marks:60
Total Number of Lecture Hours : 50 (10 Hrs /Module) Exam Hours: 03

CREDITS : 04

Course Learning Objectives: This course will enable students to:
• Understand the mathematical representation of signal, symbol, and noise.
• Understand the concept of signal processing of digital data and signal

conversion to symbols at the transmitter and receiver.
• Compute performance metrics and parameters for symbol processing

and recovery in ideal and corrupted channel conditions.
• Compute performance parameters and mitigate channel induced

impediments in corrupted channel conditions.

Module-1
Bandpass Signal to Equivalent Low pass: Hilbert Transform, Pre-envelopes,
Complex envelopes, Canonical representation of bandpass signals, Complex
low pass representation of bandpass systems, Complex representation of band
pass signals and systems (Text 1: 2.8, 2.9, 2.10, 2.11, 2.12, 2.13).

Line codes: Unipolar, Polar, Bipolar (AMI) and Manchester code and their
power spectral densities (Text 1: Ch 6.10).
Overview of HDB3, B3ZS, B6ZS (Ref. 1: 7.2)

L1,L2,L3

Module-2
Signaling over AWGN Channels- Introduction, Geometric representation of
signals, Gram-Schmidt Orthogonalization procedure, Conversion of the
continuous AWGN channel into a vector channel, Optimum receivers using
coherent detection: ML Decoding, Correlation receiver, matched fdter receiver
(Text 1:7.1, 7.2, 7.3, 7.4).

L1,L2,L3

Module-3
Digital Modulation Techniques: Phase shift Keying techniques using coherent
detection: generation, detection and error probabilities ofBPSK and QPSK, M-
ary PSK, M-aryQAM (Relevant topics in Text 1 of 7.6, 7.7).
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Frequency shift keying techniques using Coherent detection: BFSK generation,
detection and error probability (Relevant topics in Text 1 of 7.8).
Non coherent orthogonal modulation techniques: BFSK, DPSK Symbol
representation, Block diagrams treatment of Transmitter and Receiver,
Probability of error (without derivation of probability of error equation) (Text 1:
7.11,7.12. 7.13).

L1,L2,L3

Module^!
Communication through Band Limited Channels: Digital Transmission through
Band limited channels: Digital PAM Transmission through Band limited
Channels, Signal design for Band limited Channels: Design of band limited
signals for zero ISI-The Nyquist Criterion (statement only), Design of band
limited signals with controlled ISI-Partial Response signals, Probability of error
for detection of Digital PAM: Probability of error for detection of Digital PAM
with Zero ISI, Symbol-by-Symbol detection of data with controlled ISI (Text 2:
9.1, 9.2, 9.3.1, 9.3.2).
Channel Equalization: Linear Equalizers (ZFE, MMSE), (Text 2: 9.4.2).

L1,L2,L3

Module-5
Principles of Spread Spectrum: Spread Spectrum Communication Systems:
Model of a Spread Spectrum Digital Communication System, Direct Sequence
Spread Spectrum Systems, Effect of De-spreading on a narrowband
Interference, Probability of error (statement only), Some applications of DS
Spread Spectrum Signals, Generation of PN Sequences, Frequency Hopped
Spread Spectrum, CDMA based on IS-95 (Text 2: 11.3.1, 11.3.2, 11.3.3, 11.3.4,
11.3.5, 11.4.2).

L1,L2,L3

Course Outcomes: At the end of the course, the students will be able to:
1. Associate and apply the concepts of Bandpass sampling to well speci¬

fied signals and channels.
2. Analyze and compute performance parameters and transfer rates for

low pass and bandpass symbol under ideal and corrupted non band
limited channels.

3. Test and validate symbol processing and performance parameters at
the receiver under ideal and corrupted bandlimited channels.
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4. Demonstrate that bandpass signals subjected to corruption and dis¬
tortion in a bandlimited channel can be processed at the receiver to
meet specified performance criteria.

5. Understand the principles of spread spectrum communications.

Question paper pattern:
• Examination will be conducted for 100 marks with question paper

containing 10 full questions, each of 20 marks.
• Each full question can have a maximum of 4 sub questions.
• There will be 2 full questions from each module covering all the topics

of the module.
• Students will have to answer 5 full questions, selecting one full question

from each module.
• The total marks will be proportionally reduced to 60 marks as SEE marks

is 60.

Text Books:
1. Simon Elaykin, “Digital Communication Systems”, John Wiley & sons,

First Edition, 2014, ISBN 978-0-471-64735-5.
2. John G Proakis and Masoud Salehi, “Fundamentals of Communication

Systems”, 2014 Edition, Pearson Education, ISBN 978-8-131-70573-5.

Reference Books:
1 . B.P.Lathi and Zhi Ding, “Modern Digital and Analog communication

Systems”, Oxford University Press, 4th Edition, 2010, ISBN: 978-0-
198-07380-2.

2. Ian A Glover and Peter M Grant, “Digital Communications”, Pearson
Education, Third Edition, 2010, ISBN 978-0-273-71830-7.

3. Bernard Sklar and Ray, “Digital Communications - Fundamentals and
Applications”, Pearson Education, Third Edition, 2014, ISBN: 978-
81-317-2092-9.

119



EMBEDDED SYSTEMS

Course Code :18EC62 CIE Marks : 40
Lecture Hours/Week : 03 + 2 (Tutorial) SEE marks :60
Total Number of Lecture Hours : 50 (10 Hrs /Module) Exam Hours: 03

CREDITS : 04

Course Learning Objectives: This course will enable students to:
• Explain the architectural features and instructions of 32 bit microcontroller

-ARM Cortex M3.
• Develop Programs using the various instructions of ARM Cortex M3

and C language for different applications.
• Understand the basic hardware components and their selection method

based on the characteristics and attributes of an embedded system.
• Develop the hardware software co-design and firmware design

approaches.
• Explain the need of real time operating system for embedded system

applications.

Module 1
ARM-32 bit Microcontroller: Thumb-2 technology and applications of ARM,
Architecture of ARM Cortex M3, Various Units in the architecture, Debugging
support, General Purpose Registers, Special Registers, exceptions, interrupts,
stack operation, reset sequence (Text 1: Ch-1, 2, 3)

L1,L2

Module 2
ARM Cortex M3 Instruction Sets and Programming: Assembly basics,
Instruction list and description, Thumb and ARM instructions, Special
instructions, Useful instructions, CMSIS, Assembly and C language
Programming (Text 1: Ch-4, Ch-10.1 to 10.6)

L1,L2,L3

Module 3
Embedded System Components: Embedded Vs General computing system,
Classification of Embedded systems, Major applications and purpose of ES.
Elements of an Embedded System (Block diagram and explanation),
Differences between RISC and CISC, Harvard and Princeton, Big and Little
Endian formats, Memory (ROM and RAM types), Sensors, Actuators,
Optocoupler, Communication Interfaces (I2C, SPI, IrDA, Bluetooth, Wi-Fi,
Zigbee only)
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(Text 2: All the Topics from Ch-1 and Ch-2 (Fig and explanation before 2.1)
2.1.1.6 to 2.1.1.8, 2.2 to 2.2.2.3, 2.3 to 2.3.2, 2.3.3.3, selected topics of 2.4.1
and 2.4.2 only).

LI, L2

Module 4
Embedded System Design Concepts: Characteristics and QualityAttributes of
Embedded Systems, Operational and non-operational quality attributes,
Embedded Systems-Application and Domain specific, Hardware Software Co¬
Design and Program Modeling (excluding UML), Embedded firmware design
and development (excluding C language). Text 2: Ch-3, Ch-4 (4.1, 4.2.1 and
4.2.2 only), Ch-7 (Sections 7.1, 7.2 only), Ch-9 (Sections 9.1, 9.2, 9.3.1, 9.3.2
only)

L1,L2,L3

Modules
RTOS and IDE for Embedded System Design: Operating System basics, Types
of operating systems, Task, process and threads (Only POSIX Threads with an
example program), Thread preemption, Preemptive Task scheduling techniques,
Task Communication, Task synchronization issues - Racing and Deadlock,
Concept of Binary and counting semaphores (Mutex example without any
program), How to choose an RTOS, Integration and testing of Embedded
hardware and firmware, Embedded system Development Environment-Block
diagram (excluding Keil), Disassembler/decompiler, simulator, emulator and
debugging techniques (Text 2: Ch-10 (Sections 10.1, 10.2, 10.3, 10.5.2 , 10.7,
10.8.1.1, 10.8.1.2, 10.8.2.2, 10.10 only), Ch-12, Ch-13 (a block diagram before
13.1,13.3, 13.4, 13.5, 13.6 only)

L1,L2,L3

Course Outcomes: After studying this course, students will be able to:
1. Describe the architectural features and instructions of 32 bit

microcontroller ARM Cortex M3.
2. Apply the knowledge gained for Programming ARM Cortex M3 for

different applications.
3. Understand the basic hardware components and their selection method

based on the characteristics and attributes of an embedded system.
4. Develop the hardware software co-design and firmware design

approaches.
5. Explain the need of real time operating system for embedded system

applications.
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Question paper pattern:
• Examination will be conducted for 100 marks with question paper

containing 10 frill questions, each of 20 marks.
• Each full question can have a maximum of 4 sub questions.
• There will be 2 full questions from each module covering all the topics

of the module.
• Students will have to answer 5 full questions, selecting one full question

from each module.
• The total marks will be proportionally reduced to 60 marks as SEE marks

is 60.

Text Books:
1. Joseph Yiu, “The Definitive Guide to the ARM Cortex-M3”, 2nd Edition,

Newnes, (Elsevier), 2010.
2. Shibu K V, “Introduction to Embedded Systems”, Tata McGraw Hill

Education Private Limited, 2nd Edition.

Reference Books:
1. James K. Peckol, “Embedded systems- A contemporary design tool”,

John Wiley, 2008, ISBN: 978-0-471-72180-2.
2. Yifeng Zhu, ’’Embedded Systems with Arm Cortex-M Microcontrollers

in Assembly Language and C”, 2nd Ed. Man Press LLC ©2015 ISBN:
09826926339780982692639.

3. K..V. K.. K Prasad, Embedded Real Time Systems, Dreamtech publications,
2003.

4. Rajkamal, Embedded Systems, 2nd Edition, McGraw hill Publications,
2010.

122



EMBEDDED SYSTEMS LABORATORY

Course Code : 18ECL66 CIE Marks : 40 SEE Marks : 60
Lecture Hours/Week: 02 Hours Tutorial (Instructions) + 02 Hours Laboratory
RBT Level :L1, L2, L3 Exam Hours : 03

CREDITS-02

Course Learning Objectives: This course will enable students to:
• Understand the instruction set ofARM Cortex M3, a 32 bit microcontroller

and the software tool required for programming in Assembly and C
language.

• Program ARM Cortex M3 using the various instructions in assembly
level language for different applications.

• Interface external devices and I/O with ARM Cortex M3.
• Develop C language programs and library functions for embedded

system applications.

Laboratory Experiments
Conduct the following experiments on an ARM CORTEX M3
evaluation board to learn ALP and using evaluation version of
Embedded ‘C’ & Keil uVision-4 tool/compiler.

PART A:
1. ALP to multiply two 1 6 bit binary numbers.
2. ALP to find the sum of first 10 integer numbers.
3. ALP to find the number of O’s and 1 ’s in a 32 bit data
4. ALP to find determine whether the given 16 bit is even or odd
5. ALP to write data to RAM

PART B:
6. Display “Hello world” message using internal UART
7. Interface and Control the speed of a DC Motor.
8. Interface a Stepper motor and rotate it in clockwise and anti-clockwise

direction.
9. Interface a DAC and generate Triangular and Square waveforms.
10. Interface a 4x4 keyboard and display the key code on an LCD.
11. Demonstrate the use of an external interrupt to toggle an LED On/Off.
12. Display the Hex digits 0 to F on a 7-segment LED interface, with an

appropriate delay.
13. Measure Ambient temperature using a sensor and SPI ADC IC.

143



Course outcomes: After studying this course, students will be able to:
1. Understand the instruction set of 32 bit microcontroller ARM Cortex

M3, and the software tool required for programming in Assembly
and C language.

2. Develop assembly language programs using ARM Cortex M3 for
different applications.

3. Interface external devices and I/O with ARM Cortex M3.
4. Develop C language programs and library functions for embedded

system applications.
5. Analyze the functions of various peripherals, peripheral registers

and power saving modes ofARM Cortex M3

Conduction of Practical Examination:
• One Question from PART A and one Question from PART B to be asked

in the examination.
• Strictly follow the instructions as printed on the cover page of answer

script for breakup of marks.
• Change of experiment is allowed only once and Marks allotted to the

procedure part to be made zero.
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COMMUNICATION LABORATORY

Course Code : 18ECL67 CIE Marks : 40 SEE Marks : 60
Lecture Hours/Week: 02 Hours Tutorial (Instructions) + 02 Hours Laboratory
RBT Level :L1, L2, L3 Exam Hours : 03

CREDITS-02

Course Learning Objectives: This course will enable students to:
• Design and test the communication circuits for different analog

modulation schemes.
• Design and demonstrate the digital modulation techniques
• Demonstrate and measure the wave propagation in microstrip antennas
• Characteristics of microstrip devices and measurement of its parameters.
• Understand the probability of error computations of coherent digital

modulation schemes.

Laboratory Experiments
PART-A: Expt. 1 to Expt. 5 have to be performed using discrete components.
1. Amplitude Modulation and Demodulation: i) Standard AM, ii)DSBSC

(LM741 and LF398 ICs can be used)
2. Frequency modulation and demodulation ( IC 8038/2206 can be used)
3. Pulse sampling, flat top sampling and reconstruction
4. Time Division Multiplexing and Demultiplexing of two bandlimited

signals.
5. FSK and PSK generation and detection
6. Measurement of frequency, guide wavelength, power, VSWR and

attenuation in microwave test bench.
7. Obtain the Radiation Pattern and Measurement of directivity and gain

of microstrip dipole and Yagi antennas.
8. Determination of

a. Coupling and isolation characteristics of microstrip directional
coupler.

b. Resonance characteristics of microstrip ring resonator and
computation of dielectric constant of the substrate.

c. Power division and isolation of microstrip power divider.

PART-B: Simulation Experiments using SCILAB/MATLAB/Simulink or
LabVIEW

1. To Simulate NRZ, RZ, half-sinusoid & raised cosine pulses and generate
eye diagram for binary polar signaling.

2. Pulse code modulation and demodulation system.
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3. Computations of the Probability of bit error for coherent binary ASK,
FSK and PSK for an AWGN Channel and compare them with their
performance curves.

4. Digital Modulation Schemes i) DPSKTransmitter and Receiver, ii) QPSK
Transmitter and Receiver.

Course Outcomes: On the completion of this laboratory course, the students
will be able to:

1. Design and test circuits for analog modulation and demodulation schemes
viz., AM, FM, etc.

2. Determine the characteristics and response of microwave waveguide.
3. Determine characteristics of microstrip antennas and devices & compute

the parameters associated with it.
4. Design and test the digital and analog modulation circuits and display the

waveforms.
5. Simulate the digital modulation systems and compare the error performance

of basic digital modulation schemes.

Conduct of Practical Examination:
• All laboratory experiments are to be considered for practical examination.
• For examination one question from PART-A and one question from PART-

B or only one question from PART-B experiments based on the
complexity, to be set.

• Students are allowed to pick one experiment from the lot.
• Strictly follow the instructions as printed on the cover page of answer

script for breakup of marks.
• Change of experiment is allowed only once and Marks allotted to the

procedure part to be made zero.
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DIGITAL IMAGE PROCESSING

Course Code :18EC733 CIE Marks :40
Lecture Hours/Week : 3 SEE Marks : 60
Total Number of Lecture Hours : 40 (08 Hrs / Module) Exam Hours : 03

CREDITS-03

Course Learning Objectives: This course will enable students to
• Understand the fundamentals ofdigital image processing.
• Understand the image transforms used in digital image processing.
• Understand the image enhancement techniques used in digital image

processing.
• Understand the image restoration techniques and methods used in digital

image processing.
• Understand theMorphological Operations used in digital image processing.

Module1
Digital Image Fundamentals: Whatis Digital Image Processing?, Origins of
Digital Image Processing, Examples of fields that use DIP, Fundamental Steps
in Digital Image Processing, Components of an Image Processing System,
Elements ofVisual Perception, Image Sensing and Acquisition.
(Text: Chapter 1 and Chapter 2: Sections 2.1 to 2.2, 2.6.2) L1,L2

Module-2
Image Enhancement in the Spatial Domain: Image Sampling and
Quantization, Some Basic Relationships Between Pixels, Linear and Nonlinear
Operations. Some Basic Intensity Transformation Functions, Histogram
Processing, Fundamentals of Spatial Filtering, Smoothing Spatial Filters,
Sharpening Spatial Filters
(Text:Chapter2: Sections 2.3 to 2.62, Chapter3: Sections3.2 to 3.6), L1,L2

Module-3
Frequency Domain: Preliminary Concepts, The Discrete Fourier Transform
(DFT) of Two Variables, Properties of the 2-DDFT, Filtering in the Frequency
Domain, Image Smoothing and Image Sharpening Using Frequency Domain
Filters, Selective Filtering.
(Text: Chapter4: Sections 4.2, 4.5 to 4.10), L1,L2

Module-4
Restoration: Noise models, Restorationin the Presence of Noise Only using
Spatial Filtering and Frequency Domain Filtering, Linear, Position-Invariant
degradations Estimating the Degradation Function, Inverse Filtering, Minimum
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Mean Square Error(Wiener) Filtering, Constrained Least Squares Filtering.
(Text: Chapter 5: Sections 5.2, to 5.9) L1,L2

Module-5
Morphological Image Processing: Preliminaries, Erosion and Dilation, Opening
and Closing.
Image Processing: Color Fundamentals, Color Models, Pseudo color Image
Processing.
(Text: Chapter 6: Sections 6.1 to 6.3 Chapter 9: Sections9.1to9.3)

L1,L2

Course Outcomes: At the end of the course, students should be able to:
1. Describe the fundamentals ofdigital imageprocessing.
2. Understand image formation and the role human visual system plays in

perception of gray and color image data.
3. Apply image processing techniques in both the spatial and frequency(Fou¬

rier) domains.
4. Design and evaluate image analysis techniques
5. Conduct independent studyand analysis of Image Enhancement and resto¬

ration techniques.
Question paper pattern:
• Examination will be conducted for 100 marks with question paper

containing 10 full questions, each of 20 marks.
• Each lull question can have a maximum of 4 sub questions.
• There will be 2 full questions from each module covering all the topics of

the module.
• Students will have to answer 5 full questions, selecting one full question

from each module.
• The total marks will be proportionally reduced to60 marks as SEE marks is

60.

Text Book:
• Digital Image Processing- Rafel C Gonzalez and Richard E. Woods, PHI

3rd Edition 2010.

Reference Books:
1. Digital Image Processing- S. Jayaraman, S. Esakkirajan,T. Veerakumar,

Tata McGrawHill 2014.
2. Fundamentals of Digital Image Processing- A. K. Jain, Pearson 2004.
3. Image Processing analysis and Machine vision with Mind Tap by Milan

Sonka and Roger Boile, Cengage Publications, 2018.
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