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Engineering education can be viewed as the application of fundamenial concepis of
rmathematics, statistics, science and engineering for the benefit of society. The fundamental
concepts do not change with time. The distribution of marks secured by students in a class; the
height of students in a class; the emolumenis earned by the alumni of graduating batch shall
always follow the normal digtribution with specific mean and standard deviation. The people
arriving at a restaurant; the parcels arriving at a post office; the packets arriving at a node in
network; always follow the Poisson distribution with interarrival times following the exponential
distribution. The frequency components present in a confinuous time signal can always be
obtained through the Fourier Transform (FT); and this signal can be converied to an equivalent
digital signal through the sampling theorem; and its frequency components obtained through
the Discrete Fourier Transform (DFT).
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The Graduate Attributes (GAs)
defined by
Washington Accord

are aligned with the
The Program Outcomes (POs)
defined by the
National Board of Accreditation



Outcomes Based Education (OBE)
and is addressed
through the
Course Outcomes (COs) of the Curriculum
supported by
Effective Pedagogy and Relevant Assessments



The Program Outcomes for Engineering

Program Outcomes (POs)

PO1 Engineering Knowledge

PO2 Problem Analysis

PO3 Design/Development of Solution

PO4 Conduct Investigations of Complex Problems
PO5 Engineering Tool Usage

PO6 The Engineer and The World

PO7 Professional Ethics
POS8 Individual and Team work .

: : Effective from
PO9 Communicate Effectively July 2024

PO10 Project Management and Finance
PO11 Life-Long Learning




POS5: Engineering Tool Usage

Create, select and apply appropriate
techniques, resources and modern
engineering & IT tools, including prediction
and modelling recognizing their limitations to
solve complex engineering problems (WK2
and WK6)



Typical Activities through an Engineering Tool

Programming Language
* Equation to Code
*Code to Equation
*Analyze the given Block of Code
* Design, implement, analyze
* Built the Tool Box



Two Examples

1. Analog Signal Processing using Python
and Multisim

2. Digital Signal Processing using Python

Personal Journey
Learning Lessons
Wish list



The Learning Lessons: Pedagogy

Initial Practice: Pedagogy

Proprietary Software
In-built Functions

Every Experiment was
an independent/discrete
Fixed set of experiments
Laboratory Manual

Evolved: Pedagogy

Open-source Tools
Avoid In-built Functions
Student defined
Experiments

Connect between
experiments
Experiential Learning
Develop the Document
Tool Box

13



The Programming Approach

Ability to convert equation to CODE

Mathematical
Equation

Develop the
CODE

Code, without using inbuilt commands
Use inbuilt command- verification

Aim to use the Tool to understand Signal Processing Concepts
The developed code may not be the most efficient

14



The Programming Approach: Python

Ability to convert equation to CODE

Mathematical
Equation

Pen and Paper

=
=

Develop the
CODE

Code

No course in PYTHON

Code, without using inbuilt commands
Use inbuilt command- verification

Introduce Commands as required

15



Fourier Series: The usual Pedagogy

Concept: Fourier Series

Step 1: Step 4: Step 5:
Statement Numerical |:> Laboratory
(words) Examples Experiments

Step 2: Step 3:
Statement Proof
(Mathematical)

(Equation)

16



Changed the Pedagogy: Experiential Learning

Concept: Fourier Series

Step 1: Step 4: Step 5:
Laboratory Proof |:> Numerical
Experiments (Mathematical) Examples
Assessment
Observation: Step 3: —p| ‘towPass |
Filter (3KHz) .
Students make Statement A
the statement (equation) 2 KHz

80% could answer



The Learning Lessons: Internal Assessment

Initial Process Evolved Process
Marks for every lab session * No marks for Regular Lab
Marks for the Record * No marks for lab record
One application/ Student One application/ student
designed experiment desighed experiment

One Internal examination . Test 1, Test 2, Quiz

18



The Learning Lessons: Semester End Assessment

Initial Process Evolved Process
Semester End Assessment Semester End Assessment
. Give an experiment . Question Paper
. Initial write - up . Solve using the Tool Box
. Conduction . Carry the Lab Record
. Viva . Viva
Open Book
Carry the Lab Record

Access to the Tool Box Developed

19



Analog Signhal Processing Lab
(Python and Multisim)
Core Course — lll Semester



Analog Signal Processing Lab

e Core Course in the Ill Semester

* Introduces two Engineering Tools: Python and Multisim
* Assume no prior knowledge in both Python and Multisim

e Laboratory sessions are designed to support the concepts of the Course
on ‘Analog Signal Processing’

* Experiential learning is adopted for few concepts

* The Laboratory examination is ‘Open Book’, Access to all codes
developed

* NO in-built functions used

21



Course Course Outcome “

Develop the code for the given mathematical PO1
equation/ signal processing concept (Wk2) PO5
eIl E 10 Analyze the given code/ analog system and PO2
Processing arrive at relevant conclusions (WK2, WK3) PO5
Laborator
. u Design, implement and Analyze the anolog PO2
using Python : : e av
A Butterworth filters to meet given specifications PO3
an ultisim
(WK2, WK3) PO5
, , , PO5
Build the Analog Signhal Processing Tool Box A

(WK2, WK3, WK9)

PO11



Analog Signal Processing Lab




Week 1: Python as Calculator

Typical Examples:

» Addition/ Multiplication of numbers
* Exponential/Logarithm of constants
* Trigonometric function (sine/cosine)
* Complex number representation

* [f-else statement

* for loop

24



Week 2: Plot of sighals

Typical Examples:

* Plot of Signals

* Plot of functions

* Subplots

* Plot Signal and its Square

Functions Developed:
* my_Plot_Signal

* my_ Unit_Step

* my_Sync

* my Rect Pulse

* my_ Power

* my Energy

25



Week 3: Statistical Averages

Typical Examples:
e Statistical averages

» Sequence with Uniform/ Gaussian
distribution

* Density/ Cumulative functions
e Signals with added noise

Functions Developed:
* my_Mean

* my_Variance

* my_STD

* my_Integration

My Differentiation

26



The Tool Box: Analog Signal Processing

Week 01
Week 02
Week 03
Week 04
Week 05
Week 06
Week 07
Week 08
Week 09
Week 09
Week 10
Week 11
Week 12

PYTHON As a Calculator
PYTHON Plot of Signals
PYTHON Functions
PYTHON Statistical Averages
MULTISIM Passive Circuits
PYTHON Pole Zero Plot
PYTHON Summation of sinusoids
PYTHON Fourier Transform
MULTISIM RC Circuit.docx
PYTHON RC Circuit
PYTHON Filter Analysis

MULTISIM Implementation of Butterworth Filters

PYTHON Design of Butterworth Filters

NO in-built functions ysed



Digital Signal Processing Lab
using Python
Core Course — IV Semester



Course Course Outcome “

Digital Signal

Processing
(using Python)

Develop the code for the given mathematical
equation/ signal processing concept (W/Kk2)
Analyze the given code/ digital system and
arrive at relevant conclusions (WK2, WK3)
Develop the code for the design of digital filters
to meet given specifications (WK2, WK3)
Design and implement an application of signal
processing concepts for the classroom (WK2,
WK3)

Build the Digital Signal Processing Tool
Box(WK2, WK3, WK9)

PO1, PO5

PO2, PO5

PO3, PO5

PO3, POS5,
PO6

POS5, PO10,
PO11

29



The Tool Box: Digital Signal Processing

Week 01 Introeduction

Week 02 Elementary Dhgital Signals

Week 03 Analysis of FIR systems

Week 04 Analysis of IIR Systems

Week 05 DFT and its Properties - Part |

Week 06 DFT and its Properties - Part II

Week 07 Design of FIR Filters Window Functions

Week 08 Design of FIR Filters Frequency Sampling Method

week 09 Design of IR Filters using Impulse Invanant Method

week 10 Design of IIR Filters using Bilinear Transform

week 11 Aliasing Interpolation and Decimation Wavelet Transforms
week 12 Wavelet Transforms and its applications NO in-built functions 3ysed



Analog Signal Processing

: In the Laboratory: In the Laboratory:
The Conventional

_ . _ Can also be solved Cannot be solved

Written Examination ) .
using Paper and Pen using Paper and Pen
Closed Book Open Book Open Book
Open Book

Carry the Lab Record

Access to the Tool Box Developed

31



The Course: Signals and Systems Analog

Assessment of Laboratory Component

The Conventional
Written Examination

Closed Book

Give the output for the following Pvthon Code,; All guestions carrv equal Marks

A = np.pi
print (np.round (A, 3))

A = np.exp(—1)
print(np.round (A ,6 2) )

A = np.cos(np.pi/2)

print (np.round (A, 3))

A = np.tan(np.pi/4)
print (np.round(A,3))

A = np.exp(lj * np.pi/2)
print( np.round(A,3))

A = np.exp(lij*3*np.pi/4)
print( np.round(A,3))

t = np.linspace(0,20,5)
print(t)

for n in range(5) :
val = n*n
print (val)

for n in range(5) :
val = n*n
print (val)

Marks = 90

i1if Marks < 40:
print('Fail')

else:
print('Pass')

32



Attributes Developed through an Engineering Tool

Design assessments to measure the ability to:

* Recall syntax

* Apply

* Analyze Double Edged Sword
* Design/ Develop
* [nvestigate

We the Faculty
e Team work



When we graduated

Text Books
Tables at the ‘Back of the Book’



Probability Distribution functions

A

A4

Appendix 1

CONTINUOUS PROBABILITY DISTRIBUTIONS

A

In this appendix we list the probability density function, distribution function,
mean, and variance of some continuous random variables that are frequently
encountered. In each case, the parameter a is a positive constant. Also, the prob-
ability density function in each case is illustrated.

1 UNIFORM DISTRIBUTION

il

1
Tdx)= 271

)

0, elsewhere
0 x<—a r
1 a~
Fx(x)= 5—(x+a) —a<x<a ;T X
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Figure A1.1  Uniform distribution. ; i~

Rayleigh Distribution 617

2 GAUSSIAN DISTRIBUTION
; 1 S
fx(x)= \/Zta CXP(— Z*aZ).

1
Fx(x)=§|:l+erf(\/i_2a>], — 0 <X< D

Mean =0
Variance = ¢?
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Figure A1.2 Gaussian distribution.

3 RAYLEIGH DISTRIBUTION

X x2
: 3 exp(— 57>, x=0
fx(x)= : g - N
0, x<0
0, x<0
Fx(x)= ‘
% i
1 —exp(— EEZ—), x=0
=y
n
Mean = a—;

Variance= (2 -

)




The Complementary Error functions

Appendix D
TABLE OF COMPLEMENTARY ERROR FUNCTION

Define:
% 1
erf (x) & I — 22
(x) e e dz
and

erfe (x) = [1 — erf (x)] = I: 715;—.’ 22 dy (1

An alternative definition of error function, used by some authors, is:

and

: (l) and (2) relate ettwo deﬁ‘ﬂmons- urther erfc (x) may beapproxt-

70 A t*:‘
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The available computational power

Simple Codes to be developed for the
Tables at the ‘Back of the Book’
The Engineering Tool



When we graduated

Text Books
Treasure



The available Computational Power

When the student Graduates:

* List the concepts of Mathematics

* List the concepts of Science

* List the concepts of ALL Courses of the Curriculum
(concepts, that can be implemented using the Tool)

* Develop Code for the concepts using Open Source Tool
e Without using in-built functions
* Use them only to verify the result .
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The Concepts Inventory

The IEEE Signals and Systems Concepts

Inventory (SSCI)

Continuous Time
Discrete Time

K. E. Wage, J. R. Buck, C. H. G. Wright and
T. B. Welch, ‘The signals and systems
concept inventory’, in IEEE Transactions
on Education, vol. 48, no. 3, pp. 448-461,
DOI: 10.1109/TE.2005.849746; August
2005
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The Concepts Inventory

The IEEE Signals and Systems Concepts
Inventory (SSCI)

Our Curriculum:
Analog Signal Processing

Continuous Time Digital Signal Processing
Discrete Time

B Kanmani , “Introducing signals and systems concepts through analog signal
processing first”, IEEE Signal processing society: 14th DSP Workshop & 6th SPE
Workshop, Enchantment Resort, Sedona, Arizona, 4t -7t January, 2011

DOI: 10.1109/DSP-SPE.2011.5739191, Publication Year: 2011, Page(s): 84+ 89
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The Available Computational Power

The IEEE Signals and Systems Concepts

Inventory (SSCI)
Explore Course:
, , SSCI - CT
Continuous Time SSCl — DT

Discrete Time Certification
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ABOUTUS ACADEMICS ADMISSIONS RESEARCH INNOVATION SKILLLABS COE TEQIP FACIUTIES PLACEMENTS

The Visionaries

B.M.S. College of Engineering (BMSCE) was Founded in the
year 1946 by Late Sri. B. M. Sreenivasaiah a great visionary and
philanthropist and nurtured by his illustrious son Late Sri. B. S.
Narayan. BMSCE is the first private sector initiative in
engineering education in India. BMSCE has completed 70+
years of dedicated service in the field of Engineering

Education. Started with only 03 undergraduate courses,

BMSCE today offers 13 Undergraduate & 16 Postgraduate
LATE SRI. LATE SRI. B.S.NARAYAN courses both in conventional and emerging areas.

B.M.SREENIVASAIAH Donor Trustee BM.S. Educational £
e Established 1946

Founder B.M.S. Educational Trust Trust
59

https://www.bmsce.ac.in/



B.M.S. College of Engineering

Vision

Promoting Prosperity of mankind
by augmenting Human
Resource  Capital  through

Quality Technical Education &
Training.

Mission

Accomplish Excellence in the
field of Technical Education
through Education, Research
and Service needs of society.

https://bmsce.ac.in/home/About-BMSCE
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Electronics and Telecommunication Engineering

ELECTRONICS AND

Under Graduation TELECOMMUNICATION
ENGINEERING
Course Name: B.E ( 4 Years ) ‘Electronics and Telecommunication Engineering’ (For > About

Batches admitted 2019-20 onward

* Organizational Structure

Lavel: UG, Started in 1986 with sanctioned intake of 60.
* Programmes

Year of Approval: 1986 * Syllabus
*
Accreditation Status:  Accredited in 2004 for three years Faculty
Re-accredited in 2008 for three years > Staff
Re-accredited in 2014 in Tier-I Format for Five years (Batches
graduating 2014-15 to 2018-19) * Alumni

https://bmsce.ac.in/home/Electronics-and- o
Telecommunicatioln-Engineering-Prolgrammes EStabI’Sh ed 1 986
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Kanmani Buddhi is a professor in the Department of Electronics and

Telecommunication Engineering at BMS College of Engineering, Bangalore.

She has expertise in digital signal processing and has authored a book titled
“Digital Signal Processing Concepts Using Python". Khanna Publishing House
published this book. #

Key aspects of Kanmani Buddhi's work in Digital Signal Processing:

Fublished Book:

She is the author of "Digital Signal Processing Concepts Using Python," which is a
resource for learning the subject. @

Teaching and Research:

She teaches a course on Signal Processing and Communication at BMS College of
Engineering. She has also contributed to research in areas like Diffuse Optical
Tomography and PAPR reduction. @

Publications and Presentations:

She has published papers in journals and presented at conferences related to signal
processing and engineering education. @

Online Lectures:

She has uploaded lectures on Digital Signal Processing and Qutcome-Based
Education on her YouTube channel, Kanmani's Lectures. &

Professional Affiliations:

She is a Senior Member of the IEEE, a Fellow of the IETE, and a Life Member of
ISTE. @

Al responses may include mistakes. il (81

Al Generated
29 May, 2025



Thank you!



