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Optical Communications 4+1* - 4
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Embedded and Real Time Systems

Bio-Medical Instrumentation

Digital Design Through Verilog
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DSP Processors and Architectures
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OPTICAL COMMUNICATIONS

UNIT |
Overview of optical fiber communication - Historical development, The general system, advantages of
optical fiber communications. Optical fiber wave guides- Introduction, Ray theory transmission, Total Internal
Reflection, Acceptance angle, Numerical Aperture, Skew rays. Cylindrical fibers- Modes, Vnumber, Mode
coupling, Step Index fibers, Graded Index fibers.

UNIT I

Single mode fibers- Cut off wavelength, Mode Field Diameter, Effective Refractive Index. [2]. Fiber materials
— Glass, Halide, Active glass, Chalgenide glass, Plastic optical fibers. Signal distortion in optical fibers-
Attenuation, Absorption, Scattering and Bending losses, Core and Cladding losses.

UNIT 1l

Information capacity determination, Group delay, Types of Dispersion - Material dispersion, Wave-guide
dispersion, Polarization mode dispersion, Intermodal dispersion. Pulse broadening. Optical fiber
Connectors- Connector types, Single mode fiber connectors, Connector return loss.

UNIT IV

Fiber Splicing- Splicing techniques, Splicing single mode fibers. Fiber alignment and joint loss- Multimode
fiber joints, single mode fiber joints,. Optical sources- LEDs, Structures, Materials, Quantum efficiency,
Power, Modulation, Power bandwidth product. Injection Laser Diodes- Modes, Threshold conditions,
External quantum efficiency,Laser diode rate equations,Resonant frequencies. Reliability of LED&ILD.

UNIT V
Source to fiber power launching - Output patterns, Power coupling, Power launching, Equilibrium Numerical
Aperture, Laser diode to fiber coupling.

UNIT VI

Optical detectors- Physical principles of PIN and APD, Detector response time, Temperature effect on
Avalanche gain, Comparision of Photodetectors. Optical receiver operation- Fundamental receiver
operation, Digital signal transmission, error sources, Receiver configuration, Digital receiver performance,
Probability of error, Quantum limit, Analog receivers.

UNIT VI

Optical system design — Considerations, Component choice, Multiplexing. Point-to- point links, System
considerations, Link power budget with examples. Overall fiber dispersion in Multi mode and Single mode
fibers, Rise time budget with examples.

UNTI VI
Transmission distance, Line coding in Optical links, WDM, Necessity , Principles, Types of WDM,
Measurement of Attenuation and Dispersion, Eye pattern.

TEXT BOOKS :
1. Optical Fiber Communications — Gerd Keiser, Mc Graw-Hill International edition, 3rd Edition, 2000.
2. Optical Fiber Communications — John M. Senior, PHI, 2nd Edition, 2002.

RERFERENCES :
1. Fiber Optic Communications — D.K. Mynbaev , S.C. Gupta and Lowell L. Scheiner, Pearson Education,
2005.
2. Text Book on Optical Fibre Communication and its Applications — S.C.Gupta, PHI, 2005.
3. Fiber Optic Communication Systems — Govind P. Agarwal , John Wiley, 3rd Ediition, 2004.
4. Fiber Optic Communications — Joseph C. Palais, 4th Edition, Pearson Education, 2004.
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EMBEDDED AND REAL TIME SYSTEMS
(ELECTIVE — 1)

UNIT |
INTRODUCTION : Embedded systems overview, design challenge, processor technology, IC technology,
Design Technology, Trade-offs. Single purpose processors RT-level combinational logic, sequential logic
(RT-level), custom single purpose processor design (RT-level), optimizing custom single purpose
processors.

UNIT Il

GENERAL PURPOSE PROCESSORS : Basic architecture, operation, Pipelining, Programmer’s view,
development environment, Application Specific Instruction-Set Processors (ASIPs) — Micro Controllers and
Digital Signal Processors.

UNIT

STATE MACHINE AND CONCURRENT PROCESS MODELS : Introduction, models Vs. languages, finite
state machines with data path model (FSMD), using state machines, program state machine model (PSM),
concurrent process model, concurrent processes, communication among processes, synchronization among
processes, implementation, data flow model, real-time systems.

UNIT IV
COMMUNICATION INTERFACE : Need for communication interfaces, RS232 / UART, RS422 / RS485,
USB, Infrared, IEEE 1394 Firewire, Ethernet, IEEE 802.11, Blue tooth.

UNIT V

EMBEDDED / RTOS CONCEPTS — | : Architecture of the Kernel, Tasks and Task scheduler, Interrupt
service routines, Semaphores, Mutex.

UNIT VI

EMBEDDED/RTOS CONCEPTS - Il : Mailboxes , Message Queues, Event Registers, Pipes, Signals

UNIT VII

EMBEDDED / RTOS CONCEPTS - lll : Timers, Memory Management, Priority inversion problem,

Embedded operating systems Embedded Linux, Real-time operating systems, RT Linux, Handheld
operating systems, Windows CE.

UNIT VI

DESIGN TECHNOLOGY : Introduction, Automation, Synthesis, Parallel evolution of compilation and
synthesis, Logic Synthesis, RT synthesis, Behavioral Synthesis, Systems Synthesis and Hardware/
Software Co-Design, Verification, Hardware/Software co-simulation, Reuse of intellectual property codes.

TEXT BOOKS :
1. Embedded System Design — A Unified Hardware/Software Introduction - Frank Vahid, Tony D.
Givargis, John Wiley, 2002.
2. Embedded / Real Time Systems — KVKK Prasad, Dreamtech Press, 2005.

REFERENCES :
1. Embedded Microcomputer Systems — Jonathan W. Valvano, Brooks / Cole, Thompson Learning.
2. An Embedded Software Primer — David E. Simon, Pearson Ed., 2005.
3. Introduction to Embedded Systems — Raj Kamal, TMS, 2002.
4. Embedded Real Time Systems Programming — Sri Ram V lyer, Pankaj Gupta, TMH, 2004.
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BIO-MEDICAL INSTRUMENTATION
(ELECTIVE —IlI)

UNIT |
Components of Medical Instrumentation System. Bioamplifier. Static and dynamic characteristics of medical
instruments. Biosignals and characteristics. Problems encountered with measurements from human beings.

UNIT I
Organisation of cell. Derivation of Nernst equation for membrane Resting Potential Generation and
Propagation of Action Potential, Conduction through nerve to neuro-muscular junction.

UNIT Il
Bio Electrodes — Biopotential Electrodes-External electrodes, Internal Electrodes. Biochemical Electrodes.

UNIT IV
Mechanical function, Electrical Conduction system of the heart. Cardiac cycle. Relation between electrical
and mechanical activities of the heart.

UNIT V

Cardiac Instrumentation Blood pressure and Blood flow measurement. Specification of ECG machine.
Einthoven triangle, Standard 12-lead configurations, Interpretation of ECG waveform with respect to electro
mechanical activity of the heart.

UNIT VI
Therapeutic equipment. Pacemaker, Defibrillator, Shortwave diathermy. Hemodialysis machine.

UNIT VI
Neuro-Muscular Instrumentation Specification of EEG and EMG machines. Electrode placement for EEG
and EMG recording. Intrepretation of EEG and EMG.

UNIT VIII
Respiratory Instrumentation Mechanism of respiration, Spirometry, Pnemuotachograph Ventilators.

TEXT BOOKS :
1. Biomedical Instrumentation and Measurements — Leslie Cromwell and F.J. Weibell, E.A. Pfeiffer, PHI,
2nd Ed, 1980.
2. Medical Instrumentation, Application and Design — John G. Webster, John Wiley, 3rd Ed., 1998.

REFERENCES :
1. Principles of Applied Biomedical Instrumentation — L.A. Geoddes and L.E. Baker, John Wiley, 1975.
2. Hand-book of Biomedical Instrumentation — R.S. Khandpur, TMH, 2nd Ed., 2003.
3. Biomedical Telemetry — Mackay, Stuart R., John Wiley, 1968.
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DIGITAL DESIGN THROUGH VERILOG
(ELECTIVE - IlI)

UNIT |
INTRODUCTION TO VERILOG : Verilog as HDL, Levels of Design Description, Concurrency, Simulation
and Synthesis, Functional Verification, System Tasks, Programming Language Interface (PLI), Module,
Simulation and Synthesis Tools, Test Benches.
LANGUAGE CONSTRUCTS AND CONVENTIONS : Introduction, Keywords, ldentifiers, White Space
Characters, Comments, Numbers, Strings, Logic Values, Strengths, Data Types, Scalars and Vectors,
Parameters, Memory, Operators, System Tasks, Exercises.

UNIT Il

GATE LEVEL MODELING : Introduction, AND Gate Primitive, Module Structure, Other Gate Primitives,
lllustrative Examples, Tri-State Gates, Array of Instances of Primitives, Additional Examples, Design of Flip-
flops with Gate Primitives, Delays, Strengths and Contention Resolution, Net Types, Design of Basic
Circuits, Exercises.

UNIT 1lI

BEHAVIORAL MODELING : Introduction, Operations and Assignments, Functional Bifurcation, Initial
Construct, Always Construct, Examples, Assignments with Delays, Wait construct, Multiple Always Blocks,
Designs at Behavioral Level, Blocking and Non blocking Assignments, The case statement, Simulation Flow.
if and if-else constructs, assign-deassign construct, repeat construct, for loop, the disable construct, while
loop, forever loop, parallel blocks, force-release construct, Event.

UNIT IV

MODELING AT DATA FLOW LEVEL : Introduction, Continuous Assignment Structures, Delays and
Continuous Assignments, Assignment to Vectors, Operators.

SWITCH LEVEL MODELING.

Introduction, Basic Transistor Switches, CMOS Switch, Bi-directional Gates, Time Delays with Switch
Primitives, Instantiations with Strengths and Delays, Strength Contention with Trireg Nets, Exercises.

UNIT V

SYSTEM TASKS, FUNCTIONS, AND COMPILER DIRECTIVES : Introduction, Parameters, Path Delays,
Module Parameters, System Tasks and Functions, File-Based Tasks and Functions, Compiler Directives,
Hierarchical Access, General Observations, Exercises,

FUNCTIONS, TASKS, AND USER-DEFINED PRIMITIVES : Introduction, Function, Tasks, User- Defined
Primitives (UDP), FSM Design (Moore and Mealy Machines)

UNIT VI

DIGITAL DESIGN WITH SM CHARTS : State Machine Charts, Derivation of SM Charts, Realization of SM
Charts, Implementation of the Dice Game, Alternative realizations for SM Charts using Microprogramming,
Linked State Machines.

UNIT VII

DESIGNING WITH PROGRAMMABLE GATE ARRAYS AND COMPLEX PROGRAMMABLE

LOGIC DEVICES : Xilinx 3000 Series FPGAs, Designing with FPGAs, Using a One-Hot State Assignment,
Altera Complex Programmable Logic Devices (CPLDs), Altera FLEX 10K Series CPLDs.

UNIT VIII
VERILOG MODELS : Static RAM Memory, A simplified 486 Bus Model, Interfacing Memory to a
Microprocessor Bus, UART Design, Design of Microcontroller CPU.

TEST BOOKS :
1. Design through Verilog HDL — T.R. Padmanabhan and B. Bala Tripura Sundari, WSE, 2004 IEEE
Press.
2. A Verilog Primier — J. Bhaskar, BSP, 2003.
REFERENCES :
1. Fundamentals of Logic Design with Verilog — Stephen. Brown and Zvonko Vranesic, TMH, 2005.
2. Digital Systems Design using VHDL — Charles H Roth, Jr. Thomson Publications, 2004.
3. Advanced Digital Design with Verilog HDL — Michael D. Ciletti, PHI, 2005.
4. Digital systems Design using VHDL — Charles H Roth, Jr. Thomson Publications, 2004.
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WIRELESS COMMUNCIATIONS AND NETWORKS
(ELECTIVE - IV)

UNIT |
MULTIPLE ACCESS TECHNIQUES FOR WIRELESS COMMUNICATION : Introduction, FDMA, TDMA,
Spread Spectrum, Multiple access, SDMA, Packet radio, Packet radio protocols, CSMA protocols,
Reservation protocols

UNIT Il
INTRODUCTION TO WIRELESS NETWORKING : Introduction, Difference between wireless and fixed
telephone networks, Development of wireless networks, Traffic routing in wireless networks.

UNIT 1l
WIRELESS DATA SERVICES : CDPD, ARDIS, RMD, Common channel signaling, ISDN, BISDN and ATM,
SS7, SS7 user part, signaling traffic in SS7.

UNIT IV

MOBILE IP AND WIRELESS ACCESS PROTOCOL : Mobile IP Operation of mobile IP, Co-located
address, Registration, Tunneling, WAP Architecture, overview, WML scripts, WAP service, WAP session
protocol, wireless transaction, Wireless datagram protocol.

UNIT V

WIRELESS LAN TECHNOLOGY : Infrared LANs, Spread spectrum LANs, Narrow bank microwave LANS,
IEEE 802 protocol Architecture, IEEE802 architecture and services, 802.11 medium access control, 802.11
physical layer.

UNIT VI
BLUE TOOTH : Overview, Radio specification, Base band specification, Links manager specification,
Logical link control and adaptation protocol. Introduction to WLL Technology.

UNIT VII
MOBILE DATA NETWORKS : Introduction, Data oriented CDPD Network, GPRS and higher data rates,
Short messaging service in GSM, Mobile application protocol.

UNIT VI
WIRELESS ATM & HIPER LAN : Introduction, Wireless ATM, HIPERLAN, Adhoc Networking and WPAN.

TEXT BOOKS :
1. Wireless Communications, Principles, Practice — Theodore, S. Rappaport, PHI, 2nd Edn., 2002.
2. Wireless Communication and Networking — William Stallings, PHI, 2003.

REFERENCES :
1. Wireless Digital Communications — Kamilo Feher, PHI, 1999.
2. Principles of Wireless Networks — Kaveh Pah Laven and P. Krishna Murthy, Pearson Education, 2002.
3. Wireless Communications — Andreaws F. Molisch, Wiley India, 2006.
4. Introduction to Wireless and Mobile Systems — Dharma Prakash Agarwal, Qing-An Zeng, Thomson 2"
Edition, 2006.
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DSP PROCESSORS AND ARCHITECTURES
(ELECTIVE —1IV)
UNIT |
INTORODUCTION TO DIGITAL SIGNAL PROCESING : Introduction, A Digital signal-processing system,
The sampling process, Discrete time sequences. Discrete Fourier Transform (DFT) and Fast Fourier
Transform (FFT), Linear time-invariant systems, Digital filters, Decimation and interpolation, Analysis and
Design tool for DSP Systems MATLAB, DSP using MATLAB.

UNIT Il

COMPUTATIONAL ACCURACY IN DSP IMPLEMENTATIONS : Number formats for signals and
coefficients in DSP systems, Dynamic Range and Precision, Sources of error in DSP implementations, A/D
Conversion errors, DSP Computational errors, D/A Conversion Errors, Compensating filter.

UNIT Il

ARCHITECTURES FOR PROGRAMMABLE DSP DEVICES : Basic Architectural features, DSP
Computational Building Blocks, Bus Architecture and Memory, Data Addressing Capabilities, Address
Generation Unit, Programmability and Program Execution, Speed Issues, Features for External interfacing.

UNIT IV

EXECUTION CONTROL AND PIPELINING : Hardware looping, Interrupts, Stacks, Relative Branch
support, Pipelining and Performance, Pipeline Depth, Interlocking, Branching effects, Interrupt effects,
Pipeline Programming models.

UNIT V

PROGRAMMABLE DIGITAL SIGNAL PROCESSORS : Commercial Digital signal-processing Devices,
Data Addressing modes of TMS320C54XX DSPs, Data Addressing modes of TMS320C54XX Processors,
Memory space of TMS320C54XX Processors, Program Control, TMS320C54XX instructions and
Programming, On-Chip Peripherals, Interrupts of TMS320C54XX processors, Pipeline Operation of
TMS320C54XX Processors.

UNIT VI
IMPLEMENTATIONS OF BASIC DSP ALGORITHMS : The Q-notation, FIR Filters, IIR Filters, Interpolation
Filters, Decimation Filters, PID Controller, Adaptive Filters, 2-D Signal Processing.

UNIT VI

IMPLEMENTATION OF FFT ALGORITHMS : An FFT Algorithm for DFT Computation, A Butterfly
Computation, Overflow and scaling, Bit-Reversed index generation, An 8-Point FFT implementation on the
TMS320C54XX, Computation of the signal spectrum.

UNIT VI

INTERFACING MEMORY AND I/O PERIPHERALS TO PROGRAMMABLE DSP DEVICES :

Memory space organization, External bus interfacing signals, Memory interface, Parallel 1/O interface,
Programmed 1/O, Interrupts and I/O, Direct memory access (DMA). A Multichannel buffered serial port
(McBSP), McBSP Programming, a CODEC interface circuit, CODEC programming, A CODEC-DSP
interface example.

TEXT BOOKS :
1. Digital Signal Processing — Avtar Singh and S. Srinivasan, Thomson Publications, 2004.
2. DSP Processor Fundamentals, Architectures & Features — Lapsley et al. S. Chand & Co, 2000.

REFERENCES :
1. Digital Signal Processors, Architecture, Programming and Applications — B. Venkata Ramani and M.
Bhaskar, TMH, 2004.
2. Digital Signal Processing — Jonatham Stein, John Wiley, 2005.
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ARTIFICIAL NEURAL NETWORKS
(ELECTIVE —IV)

UNIT |
INTRODUCTION TO ARTIFICIAL NEURAL NETWORKS : Introduction, Artificial Neural Networks,
Historical Development of Neural Networks, Biological Neural Networks, Comparison Between Brain and the
Computer, Comparison Between Artificial and Biological Neural Networks, Network Architecture, Setting the
Weights, Activation Functions, Learning Methods.

UNIT Il

FUNDAMENTAL MODELS OF ARTIFICIAL NEURAL NETWORKS : Introduction, McCulloch — Pitts
Neuron Model, Architecture, Learning Rules, Hebbian Learning Rule, Perceptron Learning Rule, Delta
Learning Rule (Widrow-Hoff Rule or Leastmean Squre (LMS) rule, Competitive Learning Rule, Out Star
Learning Rule, Boltzmann Learning, Memory Based Learning.

UNIT Il

FEED FORWARD NETWORKS : Introduction, Single Layer Perceptron Architecture, Algorithm, Application
Procedure, Perception Algorithm for Several Output Classes, Perceptron Convergence Theorem, Brief
Introduction to Multilayer Perceptron networks, Back Propagation Network (BPN), Generalized Delta
Learning Rule, Back Propagation rule, Architecture, Training Algorithm, Selection of Parameters, Learning in
Back Propagation, Application Algorithm, Local Minima and Global Minima, Merits and Demerits of Back
Propagation Network, Applications, Radial Basis Function Network (RBFN), Architecture, Training Algorithm
for an RBFN with Fixed Centers.

UNIT IV
ADALINE AND MADALINE NETWORKS : Introduction, Adaline Architecture, Algorithm, Applications,
Madaline, Architecture, MRI Algorithm, MRII Algorithm.

UNIT V

COUNTER PROPAGATION NETWORKS : Winner Take — all learning, out star learning, Kohonen Self
organizing network, Grossberg layer Network, Full Counter Propagation Network (Full CPN), Architecture,
Training Phases of Full CPN, Training Algorithm, Application Procedure, Forward Only counter Propagation
Network, Architecture, Training Algorithm, Applications, Learning Vector Quantizer (LVQ).

UNIT VI

ASSOCIATIVE MEMORY NETWORKS - | : Types, Architecture, Continuous and Discrete Hopfield
Networks, Energy Analysis, Storage and Retrival Algorithms, Problems with Hopfield Networks.

UNIT VII

ASSOCIATIVE MEMORY NETWORKS - Il : Boltzman Machine, Bidirectional Associative Memory,

Adaptive Resonance Theory Networks Introduction, Architecture, Algorithm.

UNIT VI

APPLICATIONS OF NEURAL NETWORKS : Implementation of A/D Converter using Hopfield Network,
Solving Optimization Problems, Solving Simultaneous Linear Equation, Solving Traveling Salesman
Problems using Hopfield Networks, Application in Pattern Recognition, Image Processing.

TEXTBOOKS :
1. Introduction to Artificial Neural Systems - J.M.Zurada, Jaico Publishers, 3rd Edition.
2. Introduction to Neural Networks Using MATLAB 6.0 - S.N. Shivanandam, S. Sumati, S. N. Deepa,
TMH.

REFERENCES :
1. Elements of Artificial Neural Networks - Kishan Mehrotra, Chelkuri K. Mohan, and Sanjay Ranka,
Penram International.
2. Artificial Neural Network — Simon Haykin, Pearson Education, 2nd Ed.
3. Fundamental of Neural Networks — Laurene Fausett, Pearson, 1st Ed.
4. Artificial Neural Networks - B. Yegnanarayana, PHI.



