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CODE COURSE NAME CATEGORY L T P CREDIT 

221TEC100 
ADVANCED 

ENGINEERING 
MATHEMATICS 

DISCIPLINE 
CORE 

3 0 0 3 

Preamble: The purpose of this course is to expose students to the basic theory of linear 
algebra and probability.  

Course Outcomes:  The COs shown are only indicative. For each course, there can be 4 to 6 
COs. After the completion of the course the student will be able to 

CO 1 To analyze distributions of random variables and make computations based on that 

CO 2 
evaluate average behaviour of random variables, and analyze their converging 
behviours 

CO 3 To analyze behaviour of random processes and explain basis of vector spaces. 

CO 4 To evaluate properties of linear transformations 

CO 5 
To evaluate if a linear tranformaion is diagonalizable and decompose it using 
spectral decomposition theorem. 

Mapping of course outcomes with program outcomes 

PO 1 PO 2 PO 3 PO4 PO5 PO6 PO7 
CO 1 3 3 3 3 

CO 2 3 3 3 3 

CO 3 3 3 3 3 

CO 4 3 3 3 3 

CO 5 3 3 3 3 

Assessment Pattern 

Bloom’s Category End Semester Examination 

Apply 20 
Analyse 20 
Evaluate 20 
Create 
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Mark distribution 

Total Marks CIE ESE ESE Duration 

100 40 60 2.5 hours 

Continuous Internal Evaluation Pattern: 

Continuous Internal Evaluation: 40 marks  
● Problem assignments including unsolved exercise problems from reference text

books: 20 marks
● Quiz: 10 marks
● Test paper (1 number): 10 marks

Quiz shall include topics from at least 50% of the syllabus. Test paper shall include minimum 
80% of the syllabus 

End Semester Examination Pattern: 

End Semester Examination: 60 marks 

There will be two parts; Part A and Part B 

● Part A will contain 5 numerical/short answer questions with 1 question from each

module, having 5 marks for each question. Students should answer all questions.

● Part B will contain 7 questions with minimum one question from each module of which

student should answer any five. Each question can carry 7 marks.
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Model Question Paper 

A P J ABDUL KALAM TECHNOLOGICAL UNIVERSITY 
M.TECH DEGREE EXAMINATION

SEMESTER: 
Branch: 

ADVANCED ENGINEERING MATHEMATICS 

Time: 2.5 Hours Marks: 60 

Part A 

Answer ALL Questions.  Each question carries 5 marks 

1. Given that 𝑓𝑓(𝑥𝑥) = 𝑘𝑘
2𝑥𝑥

 is a probability distribution of a random variable that can take 
on the values 𝑥𝑥 = 0,1,2,3,∧ 4. Find 𝑘𝑘. Find the cumulative distribution function. 

2. State and prove weak law of large numbers.
3. Show that (1,3,2,−2), (4,1,−1,3), (1,1,2,0), (0,0,0,1) is a basis for 𝑅𝑅4.
4. Let 𝑇𝑇:𝑉𝑉 → 𝑊𝑊be a linear transformation defined by 𝑇𝑇(𝑥𝑥, 𝑦𝑦, 𝑧𝑧) = (𝑥𝑥 + 𝑦𝑦, 𝑥𝑥 − 𝑦𝑦, 2𝑥𝑥 +

𝑧𝑧).  Find the range, null space, rank and nullity of 𝑇𝑇.
5. Describe an inner product space. If V is an inner product space, then for any vectors

𝛼𝛼,𝛽𝛽in V prove that ‖𝛼𝛼 + 𝛽𝛽‖ ≤ ‖𝛼𝛼‖ + ‖𝛽𝛽‖.

Part B 
Answer ANY FIVE Questions, one from each module 

(5 x 7 marks = 35marks) 

6. If the probability mass function of a RV X is given by 𝑃𝑃(𝑋𝑋 = 𝑥𝑥) = 𝑘𝑘𝑥𝑥3, 𝑥𝑥 = 1,2,3,4.

Find the value of 𝑘𝑘, 𝑃𝑃 ��1
2

< 𝑋𝑋 < 3
2
� 𝑋𝑋⁄ > 1�,mean and variance of 𝑋𝑋. 

7. If the moment generating function of a uniform distribution for a random variable X is
1
𝑡𝑡

(𝑒𝑒5𝑡𝑡 − 𝑒𝑒4𝑡𝑡).Find E(X).
8. Consider the Markov chain with three states, s={1,2,3} that has the following

transition matrix 𝑃𝑃 =

⎣
⎢
⎢
⎢
⎡

1
2

1
4

1
4

1
3

0 2
3

1
2

1
2

0⎦
⎥
⎥
⎥
⎤

Draw the state diagram for the chain. If 𝑃𝑃(𝑋𝑋1 =

1) = 𝑃𝑃(𝑋𝑋2 = 2) = 1
4
, find 𝑃𝑃(𝑋𝑋1 = 3,𝑋𝑋2 = 2,𝑋𝑋3 = 1). 

9. Find the eigen values and eigen vectors of 𝐴𝐴 = �
2 2 1
1 3 1
1 2 2

�. 
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10. Find the least square solution to the equation 𝐴𝐴𝐴𝐴 = 𝑏𝑏, where 𝐴𝐴 = �
1 2
1 3
0 0

� and 𝑏𝑏 =

�
4
5
6
�, Obtain the projection matrix 𝑃𝑃 which projects 𝑏𝑏 on to the column space of 𝐴𝐴. 

11. Let T be the linear transformation from R3 to R2 defined by T(x,y,z) =(x+y, 2z-x). Let
B1, B2 be standard ordered bases of R3 and R2 respectively. Compute the  matrix of T
relative to the pair B1, B2.

12. Let V be a finite-dimensional complex inner product space, and let T be any linear
operator on V. Show that there is an orthonormal basis for V in which the matrix of T
is upper triangular.

********************************** 
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Syllabus 

Module 1 Axiomatic definition of probability. Independence. Bayes’ theorem and 
applications. Random variables. Cumulative distribution function, Probability Mass 
Function, Probability Density function, Conditional and Joint Distributions and densities, 
Independence of random variables. Functions of Random Variables: Two functions 
of two random variables. Pdf of functions of random variables using Jacobian. 

Module 2 Expectation, Fundamental theorem of expectation, Moment generating functions, 
Characteristic function. Conditional expectation. Covariance matrix. Uncorrelated 
random variables. Pdf of Jointly Gaussian random variables, Markov and Chebyshev 
inequalities, Chernoff bound. Central Limit theorem. Convergence of random variables. 
Weak law of large numbers, Strong law of large numbers.  

Module 3 Random Processes. Poisson Process, Wiener Process, Markov Process, Birth-
Death Markov Chains, Chapman- Kolmogorov Equations,  

Groups, Rings, homomorphism of rings. Field. Vector Space. Subspaces. direct sum. Linear 
independence, span. Basis. Dimension.  Finite dimensional vector spaces.  Coordinate 
representation of vectors. Row spaces and column spaces of matrices.  

Module 4 Linear Transformations. Four fundamental subspaces of a linear transformation. 
Rank and Rank-nullity theorem. Matrix representation of linear transformation. Change 
of basis transformation. System of linear equations. Existence and uniqueness of 
solutions. Linear functionals. Dual, double dual and transpose of a linear transformation. 

Module 5 Eigen values, Eigen vectors, Diagonizability.  

Inner product. Norm. Projection. Least-squares solution. Cauchy-Schwartz inequality. 
Orthonormal bases. Orthogonal complement. Spectral decomposition theorem.  
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Course Plan 

No Topic No. of 
Lectures 

Module I 

1.1 Axiomatic definition of probability. Independence. Bayes’ 
theorem and applications.  

2 

1.2 Random variables. Cumulative distribution function, Probability 
Mass Function,  1 

1.3 Probability Density function, Conditional and Joint Distributions 
and densities, Independence of random variables.  2 

1.4 Functions of Random Variables: Two functions of two random 
variables. Pdf of functions of random variables using jacobian. 2 

Module II 

2.1 Expectation, Fundamental theorem of expectation, Conditional 
expectation.  1 

2.2 Moment generating functions, Charectristic function. 1 

2.3 Covariance matrix. Uncorrelated random variables. Pdf of Jointly 
Guassian random variables,   

2 

2.4 Markov and Chebyshev inequalities, Chernoff bound. Central 
Limit theorem.  2 

2.5 Convergence of random variables. Weak law of large numbers, 
Strong law of large numbers. 2 

3 Module III 
3.1 Random Processes. Poisson Process, Wiener Process, 2 

3.2 Markov Process,  Birth-Death Markov Chains, Chapman- 
Kolmogorov Equations,  2 

3.3 Groups, Rings, homomorphism of rings. Field. Vector Space. 
Subspaces. direct sum.  2 

3.4 Linear independence, span. Basis. Dimension.  Finite dimensional 
vector spaces.   

2 

3.5 Coordinate representation of vectors. Rowspaces and column 
spaces of matrices.  1 

4 Module IV 

4.1 Linear Transformations. Four fundamental subspaces of a linear 
transformation. Rank and Rank-nullity theorem.   2 

4.2 Matrix representation of linear transformation. Change of basis 
transformation.  1 

4.3 System of linear equations. Existence and uniqueness of solutions. 2 

4.4 Linear functionals. Dual, double dual and transpose of a linear 
transformation. 2 
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5 Module V 
5.1 Eigen values, Eigen vectors, Diagonizability. 2 

5.2 Inner product. Norm. Projection. Least-squares solution. Cauchy-
Schwartz inequality. 2 

5.3 Orthonormal bases. Orthogonal complement. Spectral 
decomposition theorem. 2 

Reference Books 

1. Hoffman Kenneth and Kunze Ray, Linear Algebra, Prentice Hall of India.

2. Jimmie Gilbert and Linda Gilbert, Linear Algebra and Matrix Theory, Elsevier

3. Henry Stark and John W. Woods "Probability and Random Processes withApplications to
Signal Processing", Pearson Education, Third edition.

4. Athanasios Papoulis and S. Unnikrishna Pillai. Probability, Random Variables and
Stochastic Processes, TMH
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CODE COURSE CATEGORY L T P CREDIT 

221TEC003 ADVANCED DIGITAL 
SIGNAL PROCESSING 

PROGRAM 
CORE 1 3 0 0 3 

 

Preamble: The course is intended to impart comprehensive knowledge in the domain of 
advanced  digital signal processing 

Prerequisite: Digital Signal Processing 

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

CO 1 Assimilate the  Non-parametric and parametric methods for spectral estimation 

CO 2 Distinguish between forward and backward linear prediction 

CO 3 List the utilities of adaptive filters 

CO 4 Illustrate the use of Levinson Durbin algorithm for the solution of normal equations 

CO 5 
Compare and contrast LMS algorithm and RLS Algorithm for Adaptive Direct form 
FIR filters 

CO 6 Develop the efficient realization of QMF filter bank using polyphase decomposition 
and multirate identities 

 

Mapping of course outcomes with program outcomes 

 PO 1 PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 
CO 1 3  3 2 2   
CO 2 3  3 2 2   
CO 3 3 2 1 - -   
CO 4 3  3 3 3 2  
CO 5 3  3 2 2   
CO 6 3  2 2 3 2  

 

Assessment Pattern 

Bloom’s Category End Semester Examination 

Apply 80% 
Analyse 20% 
Evaluate - 
Create - 
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Mark distribution 

Total 
Marks CIE ESE ESE 

Duration 
100 40 60 2.5 hours 

 

CORE COURSES  

Evaluation shall only be based on application, analysis or design based questions (for both 
internal and end semester examinations).  

Continuous Internal Evaluation: 40 marks  

Micro project/Course based project: 20 marks 

 Course based task/Seminar/ Quiz: 10 marks 

 Test paper, 1 no: 10 marks The project shall be done individually. Group projects not 
permitted. Test paper shall include minimum 80% of the syllabus. 

 End Semester Examination: 60 marks 

The end semester examination will be conducted by the University. There will be two parts; 
Part A and Part B. Part A contain 5 numerical questions (such questions shall be useful in the 
testing of knowledge, skills, comprehension, application, analysis, synthesis, evaluation and 
understanding of the students), with 1 question from each module, having 5 marks for each 
question. Students shall answer all questions. Part B contains 7 questions (such questions 
shall be useful in the testing of overall achievement and maturity of the students in a course, 
through long answer questions relating to theoretical/practical knowledge, derivations, 
problem solving and quantitative evaluation), with minimum one question from each module 
of which student shall answer any five. Each question can carry 7 marks. Total duration of 
the examination will be 150 minutes.  
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Model Question Paper 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY 

M.TECH DEGREE EXAM 

221TEC003  ADVANCED DIGITAL SIGNAL PROCESSING 

TIME :2.5 HRS                                                                 MAX MARKS:60 

PART A  

ANSWER ALL QUESTIONS(5*5=25) 

1.Prove that the energy density spectrum of a deterministic signal can be obtained from the 
Fourier transform of  that signal? 

2.Differentiate between the MDL criterion and CAT criterion towards the selection of an AR 
Model order? 

3.Use the Levinson Durbin algorithm to solve the normal equations recursively for an m-step 
forward predictor? 

4.In adaptive filtering ,iterative schemes are preferred over linear estimations. Justify? 

5.Obtain the frequency domain characterization of a sampling rate converter of a rational 
factor 2 /3 ? 

PART B  

ANSWER ANY FIVE.EACH QUESTION CARRIES 7 MARKS(7*5=35) 

6.With necessary equations ,substantiate  the use of  the Welch method-Averaging Modified 
Periodogram for spectrum estimation? 

7.Ilustrate, the performance characteristics & Computational requirements of non-parametric 
methods for spectral estimation? 

8.With necessary equations, explain the Yule‐Walker method for AR model parameters in the 
context of parametric spectral estimation? 

9.Illustrate how Schur Algorithm can be utilized for the Solution of the Normal Equations? 

10.Describe an adaptive equalizer using RLS algorithm? 

11.What is  the PR condition for a filterbank? Design the analysis filter bank for a perfect 
reconstruction two channel Quadrature Mirror filterbank? 

12.a.Realize a 3 band FIR filter of length N=15 using polyphase decomposition? 

b.Express the output y[n] of the multirate system given below, as a function of the input x[n]. 
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Syllabus and Course Plan(For 3 credit courses, the content can be for 40 hrs and for 2 credit 
courses, the content can be for 26 hrs) 

Syllabus 

Power spectrum estimation, Non-parametric methods for spectral estimation: Parametric 
spectral estimation, Linear Prediction and optimum linear filters, Adaptive filters for adaptive 
channel equalization,adaptive noise cancellation, Adaptive Direct form FIR filters: Multirate 
Signal Processing, The Polyphase decomposition-Applications to sub band coding, Fourier 
transform,Short-time(windowed) Fourier transform. The discrete wavelet transform. 

Course Plan 

No Topic No. of 
Lectures 

1 Power spectrum estimation 

1.1 

Estimation of spectra from finite duration observation of signals: 
Computation of Energy density spectrum-Estimation of the 
Autocorrelation and power spectrum of random signals ‐The 
periodogram,Use of  DFT in power spectrum estimation - 

2 

1.2 
Non-parametric methods for spectral estimation:  
Barlett method-Averaging Periodogram, Welch method-Averaging 
Modified Periodogram 

3 

1.3 
Blackman and Tukey Method‐Performance characteristics & 
Computational requirements of non-parametric methods for 
spectral estimation: 

3 

2 Parametric spectral estimation 

2.1 Parametric spectral estimation:  
Relationship between Autocorrelation and Model parameters 2 

2.2 Yule‐Walker method for AR model parameters, Burg method for 
AR model parameters 3 

2.3 Selection of AR model order‐ MA and ARMA models for power 
spectrum estimation 

4 

3 Linear Prediction and optimum linear filters 
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3.1 
Linear Prediction : Forward and Backward Linear Prediction 
Optimum reflection coefficients for the Lattice Forward and 
Backward Predictors. 

3 

3.2 Solution of the Normal Equations: Levinson Durbin Algorithm, 
Schur Algorithm  3 

3.3 Properties of Linear Prediction Filters  2 
4 Adaptive filters 

4.1 Adaptive filters for adaptive channel equalization,adaptive noise 
cancellation and Linear Predictive Coding of Speech Signals 3 

4.2 Adaptive Direct form FIR filters:Minimum mean square 
criteria,LMS algorithm 2 

4.3 Adaptive Direct form filters:The RLS  algorithm,Fast RLS 
Algorithm,Properties of Direct Form RLS algorithm 3 

5 Multirate Signal Processing 

5.1 Mathematical description of sampling rate converters- Interpolator 
and Decimator,Multirate Identities 2 

5.2 
The Polyphase decomposition-Applications to sub band coding -
Two Channel QMF filer bank-PR condition. 3 

5.3 
Fourier transform,Short-time(windowed) Fourier transform,The 
discrete wavelet transform-Wavelet- admissibility condition.MRA 
Axioms,scaling and wavelet function 

3 

Text books: 

1. John G. Proakis, Dimitris G. Manolakis, “Digital Signal Processing”, Pearson
Education,India, 2007

2. Monson H. Hayes, “Statistical Digital Signal Processing and Modeling”, John Wiley and
Sons Inc., New York, 2006.

3. P. Vaidyanathan, “Multirate Systems and Filter Banks”, Pearson Education

References: 

1. Simon Haykin, “Adaptive Filter Theory”, Prentice Hall, Englewood Cliffs, NJ1986.
2.Steven M Kay,” Modern spectrum Estimation theory and application”, Pearson
India,January 2009
3.D.G. Manolakis, V.K. Ingle and S.M. Kogon: Statistical and Adaptive Signal Processing,
McGraw Hill, 2000
4.Sophoncles J. Orfanidis, “Optimum Signal Processing “, McGraw-Hill, 2000
5. S K Mitra,”Digital Signal Processing: A computer based approach”, Tata-McGraw Hill
4. C S Burrus, R A Gopinath, H. Guo, “Introduction to Wavelets and Wavelet
Transforms: A primer”, Prentice Hall.
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CODE COURSE NAME CATEGORY L T P CREDIT 

221TEC004 
TOPICS IN MACHINE 

LEARNING 
PROGRAM 

CORE 2 3 0 0 3 

 

Preamble: Machine learning is a subfield of artificial intelligence, which is broadly defined 
as the capability of a machine to imitate intelligent human behavior. Artificial intelligence 
systems are used to perform complex tasks in a way that is similar to how humans solve 
problems. Machine learning allows software applications to become more accurate at 
predicting outcomes without being explicitly programmed to do so. Machine learning 
algorithms use historical data as input to predict new output values. Students will be able to 
learn machine learning fundamentals, understand the different types of algorithms in machine 
learning, develop in-depth knowledge of machine learning tasks such as regression, 
classification, clustering etc. 

Prerequisite: A sound knowledge of  the fundamentals and basics of probabilty, statistics 
and algorithms. 

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

CO 1 
Understand and apply the fundamentals, concepts and terminologies in machine 
learning, Deep learning and artificial intelligence. 

CO 2 
Understand and analyse the principles of supervised and unsupervised learning and 
illustrate the functionalities of the  supervised and unsupervised learning algorithms. 

CO 3 

Understand and analyse the principles of semi-supervised and reinforcement learning 
and illustrate the functionalities of the  semi-supervised and reinforcement learning 
learning algorithms. 

CO 4 
Analyze and evaluate the performance of artificial neural networks and deep learning 
neural architectures. 

CO 5 Create and evaluate critically the domain specific applications of Machine learning. 

 

Mapping of course outcomes with program outcomes 

 PO 1 PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 

CO 1 2 3  2    

CO 2 2 3   2   

CO 3 3 2   2 2 3 

CO 4     2 2 3 

CO 5 3 3  2    
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Assessment Pattern 

Bloom’s Category End Semester Examination
% 

Apply 10 
Analyse 40 
Evaluate 30 
Create 20 

Mark distribution 

Total 
Marks CIE ESE ESE Duration 

100 40 60 2.5 hours 

Continuous Internal Evaluation Pattern: 

Evaluation shall only be based on application, analysis or design based questions (for 
both internal and end semester examinations). 

Continuous Internal Evaluation:  40 marks 
Micro project/Course based project: 20 marks 
Course based task/Seminar/Quiz:  10 marks 
Test paper, 1 no:  10 marks 

The project shall be done individually. Group projects not permitted. Test paper shall 
include minimum 80% of the syllabus. 

End Semester Examination: 60 marks 

The end semester examination will be conducted by the University. There will be two parts; 
Part A and Part B. Part A contain 5 numerical questions (such questions shall be useful in the 
testing of knowledge, skills, comprehension, application, analysis, synthesis, evaluation and 
understanding of the students), with 1 question from each module, having 5 marks for each 
question. Students shall answer all questions. Part B contains 7 questions (such questions 
shall be useful in the testing of overall achievement and maturity of the students in a course, 
through long answer question relating to theoretical/practical knowledge, derivations, 
problem solving and quantitative evaluation), with minimum one question from each module 
of which student shall answer any five. Each question can carry 7 marks. Total duration of 
the examination will be 150 minutes. 
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Model Question Paper 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY 

FIRST SEMESTER M.TECH DEGREE EXAMINATION, (Model Question Paper) 

Discipline: ELECTRONICS & COMMUNICATION 

ENGINEERING 

Stream: EC3 (Signal Processing, Signal Processing 

& Embedded Systems, Communication 

Engineering & Signal Processing) 
Course Code:  221TEC004 

Course Name: TOPICS IN MACHINE LEARNING 

Max. Marks: 60 Duration: 2.5Hours 

PART A 
Answer ALL Questions. Each Question Carries 5 marks. 

1 
A sample x1, ..., xn has been obtained from a probability model 
specified by mass or density function fX (x; θ) depending on 
parameter(s) θ lying in parameter space Θ. Estimate the 
maximum likelihood. 

CO1 

2 
Illustrate with an example, the k- nearest neighbour algorithm for 
pattern classification. How do you compute the distance between 
two patterns ? 

CO2 

3 Explain how semi-supervised learning is different from 
supervised learning. Illustrate self learning. 

CO2 

4 Demonstrate gradient descent algorithm for error back 
propagation in ANNs. 

CO2 

5 
Suggest a strategy based on machine learning techniques for 
sentiment analysis in social networks. Explain with neat 
schematics. 

CO3 

PART – B 
Answer any 5 full  questions ; each question carries 7 marks. 

6. a) With neat schematics, explain machine learning process flow. Explain the 
process involved in  model building and validation, interpretaion of model 
and  data visualization. 

5 CO4 
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6. b) What do you mean by hyperparameters ? Explain the process of fine 
tuning the hyper parameters. 

2 CO3  

7.a) Discuss the principles of density based clustering and explain the basic 
algorithm. What do you mean by ε -neighbourhood ? 

3 CO1  

7. b) With the help of relevant equation explain how do you compute cosine 
similarity between two feature vectors. 

4 CO5  

8.a) State the dual problem of optimization for SVM for linearly non-
separable patterns. Obtain the equation of optimal hyperplane and 
optimum weight vectors wo and optimum bias bo for linearly non-
separable patterns. Give expression for finding the label of a test example 
xt. 

2 CO2  

8.b) Explain what do you mean by hard and soft margins. Derive the 
expression for the margin of separation for SVM. 

5 CO4  

9. a) Explain the concept of error back propagation learning used in MLFFNN. 
Obtain the weight updation equation for MLFFNN with one hidden layer. 

3 CO4  

9.b) Discuss the significance of activation functions. With the help of a neat 
sketch explain sigmoidal activation function. Explain how spread factor 
(β) value is selected  

3 CO1  

9.c)  Discuss the functionalities of different layers in a CNN. 1 CO2  

10.a) Compare and contrast between agglomerative and divisive techniques for 
clustering. Give the step-by-step algorithm for agglomerative clustering. 
What are the proximity measures between clusters ? 

2 CO1  

10.b) With the help of suitable illustrations explain the selection of number of 
clusters using silhouette analysis. 

5 CO3  

11.a) Discuss the basic concepts of deep learning. With a neat schematic 
explain the principles of convolutional neural networks. 

3 CO1  

11.b) Discuss the need for pooling layer in a CNN architecture. Distinguish 
between max pooling and average pooling. 

4 CO3  

12.a) Illustrate the use of machine learning algorithms in medical image 
segmentation for brain tumor detection. Draw neat schematics for the 
system and expalin the functionality of each module. 

3 CO5  

12.b) Explain the use of machine learning algorithms and tools for rain 
forecasting in Kerala. Explain the data collection process, data refinement 
and models used for prediction. How do you validate the model? 

4 CO5  

 

 

 

 

ELECTRONICS AND COMMUNICATION-EC3



 

Syllabus 

Module - 1 (Basics of Machine Learning )  
Introduction to machine learning, artificial intelligence and deeplearning. Learning 
algorithms - over fitting and under fitting, hyperparameters and validation sets, estimators, 
bias and variance, Maximum Likelihood Estimation. Machine learning process flow- define 
problem, objective, data acquisition and preprocessing, feature engineering, model building 
and validation. 
 
Module -2 (Supervised and Unsupervised Learning)  

Supervised Learning- Basic principles of linear regression, logistic regression. Classification-
Supervised algorithms-Decision trees, k-Nearest Neighbour, Naive Bayes, support vector 
machines, ensemble learning techniques. Unsupervised Learning- Basic principles of 
clustering, clustering algorithms-hierarchical algorithms-agglomerative, divisive algorithms. 
Partitioning algorithms- k-means, k medoids algorithms, density based algoritms.   

 
Module -3 (Semi-supervised and Reinforcement Learning)  
Semi-supervised learning – Types of semi-supervised learning- Self learning, graph based 
SSL-label propagation. Reinforcement Learning-Taxonomy, Reinforcement Learning 
Algorithms-Value based, Policy based and model based algorithms. Characteristics and types 
of reinforcement learning. Reinforcement learning models- Markov decision process, Q-
learning. 
 
Module -4 (Artificial Neural Networks and Deep Learning) 

Artificial neural networks- Basic principles of Back propagation, Gradient Descent, Training 
Neural Network, Initialisation and actvation functions. Deep learning principles and 
achitectures-Dropout, Batch normalisation, Ensemble learning, Data augmentation, Transfer 
learning, Convolutional Neural Networks, Recurrent Neural Networks, LSTM, Data 
augmentation-GAN. 
 
Module- 5 (Applications of Machine Learning)  
Machine learning applications for prediction-weather, sales of a store, eligibility of loan. 
Medical diagnoses, Financial industry and trading, image classification, recognition and  
segmentation, speech recognition, automatic language translation and auto corrections, 
recommendation engines.  
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Course Plan 

No Topic No. of Lectures 
[40Hrs] 

1 Basics of machine learning. 
1.1 Introduction to machine learning. 1 
1.2 Artificial intelligence and deeplearning.  1 

1.3 Learning algorithms-over fitting and under fitting, 
hyperparameters  and validation sets. 2 

1.4 Estimators, bias and variance, Maximum Likelihood Estimation.  1 

 
Machine learning process flow- define problem, objective, data 
acquisition and preprocessing, feature engineering, model building 
and validation. 

2 

2 Semi-supervised and Reinforcement Learning 

2.1 Supervised Learning- Basic principles of linear regression, logistic 
regression. 

2 

2.2 Classification-Supervised algorithms-Decision trees, k-Nearest 
Neighbour, Naive Bayes.  2 

2.3 Support vector machines, ensemble learning techniques. 2 

2.4 Unsupervised Learning- Basic principles of clustering. 1 

2.5 
Clustering algorithms-hierarchical algorithms-agglomerative, 
divisive algorithms. Partitioning algorithms- k-means, k medoids 
algorithms, density based algoritms.   

2 

2.6 
Partitioning algorithms- k-means, k medoids algorithms, density 
based algoritms.  Case study in clustering- Medical image 
segmentation. 

2 

3 Semi-supervised and Reinforcement Learning 

3.1 Semi-supervised learning – Types of semi-supervised learning- 
Self learning, graph based SSL-label propagation.  2 

3.2 

Reinforcement Learning-Taxonomy, Reinforcement Learning 
Algorithms-Value based, Policy based and model based 
algorithms. Characteristics and types of reinforcement learning. 
Reinforcement learning models- Markov decision process, Q-
learning. 

3 

3.3 
Characteristics and types of reinforcement learning.  
Reinforcement learning models- Markov decision process, Q-
learning. 

3 

4 Artificial Neural Networks and Deep Learning 
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4.1 
Artificial neural networks- Basic principles of Back propagation, 
Gradient Descent. 2 

4.2 Training Neural Network, Initialisation and actvation functions.   

4.3 

Deep learning principles and achitectures-Dropout, Batch 
normalisation, Ensemble learning, Data augmentation, 
Transferlearning. 

2 

4.4 
Convolutional Neural Networks, Recurrent Neural Networks, 
LSTM, Data augmentation-GAN. 3 

5 Applications of Machine Learning 

5.1 
Machine learning applications for prediction-weather, sales of a 
store, eligibility of loan. 2 

5.2 Medical diagnoses, Financial industry and trading. 2 
5.3 Image recognition, classification and  segmentation.  1 

5.4 Speech recognition, automatic language translation and auto 
corrections, recommendation engines. 2 

 

Text Books 

1. Machine Learning: The Art and Science of Algorithms that Make Sense of Data, Peter A 
Flach, Cambridge University Press, ISBN-10 1107422221, 2012. 

2. Applied Machine Learning, 2nd Edition, M. Gopal, Mc Graw Hill Education, ISBN-10   : 
‎9789353160258, 2018. 

3. Neural Networks and Learning Machines, Simon S. Haykin, 3rd Edition, Pearson-Prectice 
Hall, ISBN-10: 0-13-147139-2, 2009. 

 

Reference Books 

1. An Introduction to Machine Learning, Miroslov Kubat, Springer, ISBN-10 3030819345, 
2021. 

 
2. Machine Learning, 1st Edition, Saika Dutt, Subramanian Chandramouli, Amit Kumar Das, 

Pearson Education, ISBN-10 9353066697, 2018. 
 
3. Machine Learning: A First Course for Engineers and Scientists, Andreas Lindholm, Niklas 

Wahlstom, Fredrik Lindsten et al., Cambridge University Press, ISBN-10 1108843603, 
2022. 

4. Handbook of Reinforcement Learning and Control, Kyriakos G. Vamvoudakis, Yan Wan, 
et al., ISBN-10 3030609898, Sprimger, 2021. 

 
5. Neural Networks and Deep Learning, Charu C. Aggarwal, Springer, ISBN: 978-3-319-

94463-0, 2018. 
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Syllabus 

No Topics 
1 Linear Algebra 
1.1 Row Reduced Echelon Form: To reduce the given mxn matrix into Row reduced 

Echelon form 
1.2 Gram-Schmidt Orthogonalization: To find orthogonal basis vectors for the given 

set of vectors. Also find orthonormal basis. 
1.3 Least SquaresFit to a Sinusoidal function 
1.4 Least Squares fit to a quadratic polynomial 
1.5 Eigen Value Decomposition  
1.6 Singular Value Decomposition 
1.7 Karhunen- Loeve Transform 
2 Advanced DSP 
2.1 Sampling rate conversion: To implement Down sampler and Up sampler and 

study their characteristics 
2.2 Two channel Quadrature Mirror Filterbank: Design and implement a two channel 

Quadrature Mirror Filterbank 
3 Random Processes 
3.1 To generate random variables having the following probability distributions (a) 

Bernoulli(b) Binomial(c) Geometric(d) Poisson(e)Uniform,(f) 
Gaussian(g)Exponential (h) Laplacian   

3.2 Central Limit Theorem: To verify the sum of sufficiently large number of 
Uniformly distributed random variables is approximately Gaussian distributed 
and to estimate the probability density function of the random variable. 

4 Machine Learning 
4.1 Implementation of K Nearest Neighbours Algorithm with decision region plots 
4.2 Implementation of K Means Algorithm with decision region plots 
4.3 Implementation of Perceptron Learning Algorithms with decision region plots 
4.4 Implementation of SVM algorithmfor classification applications 
5 Implement a mini project pertaining to an application of Signal Processing 

in real life, make a presentation and submit a report 
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Model Question Paper 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY 
M.TECH DEGREE EXAMINATION 

First  Semester 

Branch: 

ADVANCED DIGITAL COMMUNICATION 

Time: 2.5 Hours                                                                                               Marks: 60  

Part A 

Answer ALL Questions.  Each question carries 5 marks 

1. Represent 8-PSK as a linear combination of two orthonormal signal waveforms. 
Using Gray encoding label the corresponding signal points 

2. Derive the impulse response of a matched filter. 
3. Explain Nyquist criteria for zero ISI. Illustrate the pulse shape for zero ISI.    
4. Design a 4 bit PN sequence generator with shift registers. 
5. Explain RAKE receiver. 

Part B 

Answer ANY FIVE Questions. Each question carries 7  marks 

6. Three messages are transmitted over an AWGN channel with noise power spectral 
density N0/2 The messages are 

S1(t) = � 1 ;  0 ≤ 𝑡𝑡 ≤ 𝑇𝑇
 0 ; 𝑜𝑜𝑜𝑜ℎ𝑒𝑒𝑒𝑒 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤

� 

S2(t)= −S3(t) = �
1 ;  0 ≤ 𝑡𝑡 ≤ 𝑇𝑇/2
−1;  𝑇𝑇

2
≤ 𝑡𝑡 ≤ 𝑇𝑇

0; 𝑜𝑜𝑜𝑜ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒

� 

i. Find the dimensionality of the signal space. 
ii. Find and draw an appropriate basis for the signal space. 

7. Derive the expression for error probability of binary QPSK modulation scheme in 
AWGN channel. 

8. In an un-equalized linear filter channel the noise free output of the demodulator when 
a ‘1’ is transmitted is  









−=
=
=

=
otherwise
m
m
m

xm

      0
1   ;3.0

0   ;9.0
1   ;3.0

 

Design a three tap zero forcing equalizer so that the output is  




±=
=

=
1   ;0

0   ;1
m
m

qm  

9. Explain an FFT based multi-carrier System. 
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10. Explain the Delay locked loop for tracking DS spread spectrum signal.
11. A  multipath  fading  channel  has  a  multipath  spread  of  Tm=1 sec and a    Doppler

spread    Bd = 0.01 Hz. The total channel bandwidth  at band-pass available for signal
transmission is W=5 Hz. To reduce ISI the selected pulse duration is T= 10 sec.
(i)Determine the coherence Bandwidth and Coherence Time?
(ii)Is the channel is frequency selective?

12. Explain the ALOHA system  and protocols in multiuser communication system.

Syllabus 

Module I 

Characterization of Communication Signals and Systems: Overview of Digital 
Communication systems,Communication Channels and Mathematical models,Representation 
of band pass signals and systems, Signal spacerepresentation,Representation of digitally 
modulated signals, Spectral Characteristics of Digitally Modulated Signals. 

Module II 

Optimum receiver for AWGN channel:Correlationdemodulator, matched filter demodulator, 
optimum detector,Performance of optimum receiver for memoryless modulationtechniques, 
Probability of error for binary modulation and M-ary orthogonal signals, Probability of 
errorQPSK, QAM. 

Module III 

Communication through Band-Limited Linear Filter channelsOptimum receiver for channels 
with ISI andAWGN,Equalization techniques: Linear equalization, Decisionfeedback 
equalization,Adaptive equalization Algorithms(ZF and LMS). 

Module IV 

Multi Channel and Multi Carrier Systems: Multichannel Digital communication in AWGN 
channels,Multicarrier communication- Discrete implementation of multicarrier modulation. 
FFT based multi carrier system,Spread spectrum principles, Generation of PN sequences, 
DSSS & FHSS, Synchronization of Spread Spectrum signals. 

Module V 

Digital Communication through Fading Multipath Channels: Characterisation of fading 
multipath channel,Frequency-nonselective slowly fading channel, Diversity 
techniques,Digital signalling over a frequencyselectiveslowly fading channel, RAKE 
receiver,Multiple access techniques- CDMA signal and channel models. 
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https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Sepehr+Naimi%22
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