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Abstract: - It is well-known that practical experience aids and reinforces students’ understanding of concepts
within engineering. Use of high-level simulation and design tools has become commonplace in many areas of
electronic engineering. Whilst this may enable designs and simulation results to be readily obtained, it is often
at the cost of in-depth understanding on the part of the student. In this paper, the authors describe the use of
spreadsheets to enable students to develop simulation results directly from basic theory for a number of
different application areas within electronic engineering. This approach enhances students’ understanding and
appreciation of the theoretical concepts, and complements the use of high-level design and analysis tools.
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1 Introduction

In many of the technical areas encountered in
electronic engineering, teaching and learning are
greatly enhanced by practical demonstrations by the
teacher, and hands-on practica experience and
experimentation on the part of the learner. Various
software packages, such as PROTEUS or
MATLAB, are available which can readily produce
quick results for a wide range of technical areas
covered within the e€lectronic  engineering
curriculum. Whilst use of such packages is clearly
valuable in engineering education, it can in some
cases be counter-productive since, in the experience
of the authors, students may sometimes use the
availability of such high-level software as a
replacement for their own in-depth understanding.
In this paper the authors present, and discuss their
experience with the use of ordinary, widely

available, spreadsheet software in the teaching of
electronic engineering. A range of technical areasis
presented in which students are encouraged to
develop their own simulation results directly from
the appropriate theoretical models presented in the
lectures and course notes. The authors have
developed this approach across several modules at
al levels within an undergraduate Bachelor of
Engineering honours (BEng (Hons)) degree course.
In each of these modules, students are guided
through the construction of a spreadsheet
incorporating the basic mathematical formulae
representing a particular application.  Example
Spreadsheets are made available to the students, and
discussed within the lectures so as to clarify the
implementation of aspects of the theory within the
spreadsheet. The simple graph plotting facilities
available within the spreadsheet then enable ready
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access to a graphical description, which can easily
be made interactive and animated using on-screen
buttons and macros. As well as encouraging the
students to develop their understanding by
producing simulation results from the theory, the use
of readily available general purpose software makes
this approach more readily accessible to a
significantly wider audience than is currently the
case when using specialist software.

2 Development of Simulations

In this section, a brief explanation is given of how a
spreadsheet [1] is created and used to produce
dynamic graphical results. The example presented
in this section simulates a simple AC theory
application, the technical aspects of which are
discussed in Section 3.1. The first few rows of the
spreadsheet are used for parameters which may be
varied by the user, such as (in this example)

component values, frequency range limits and a
sample frequency value. Different columns of the
spreadsheet are used to evaluate the relevant
formulae for many different analysis parameters (in
this case this corresponds to a 1001-row table
evaluating the component voltages for different
frequencies over the specified range, which are then
plotted). Figure 1 shows a screenshot of the
spreadsheet with the plots reduced in size so as to
make the table of calculations, normally hidden
behind the plots, visible. Macros are used to
implement repeated processes enabling dynamic
display: in this case a macro selects successive rows
from the 1001-row table and plots the voltages as a
moving phasor diagram, and as a moving marker on
the frequency response plot(s). These macros may
be associated with text boxes, thereby creating
clickable on-screen buttons which may be used to
control the operation of the spreadsheet.

Student can enter Row selected Fregquency response
component values and from frequency calculation table
analysis parameters response table
< > Macro Buttons h
A B C D E _F g | H [ 1 T g 1 kK [
1 R (ehms) | L (mH} | fmin (Hz) | fmax (Hz) | fsam (Hz) fe (Hz) "‘fyéq sweep” shows animated plot from fn'lin to fmax
2 560 100 50 100000 1500~ 891.27 / "freq sample' shows single sample atYsam
3 freg 7 mag 7 L {must be between f min and f max
5 count freqlin__ log—freqlog mag Z Wl ag mag VL
6 50 1.69897 50 560.8805 3.210920072 0.017829
7 149.95 1.702271 50.38149 560.894 3.235367103 0.017829 freq sweep
8 249.9 1.705572 50.7659 560.9077 3.259999468 0.017828 9.983818
9 349.85 1.708873 51.15323 560.9216 3.284818554 0.017828 9.98357
1003 5 99700.15 4.990097 97745.53 61417.88 89.47757753 0.000163 0.091179 freq sample
1004 999 99800.1 4.993398 98491.32 61886.45 89.48153315 0.000162 0.090488
1005| 1000 99900°05—4.996699 99242.79 62358.6 89.48545881 0.00016 0-6898
1006 1001 100000 5 62834 8948935476 0.000159 0.089123 9.999603
1007 | logstart 1.69897 logstop 5
1008| count FREQUENCY SWEEP SECTION (fmin to fmax, logarithmic scale)
1009 1000 freqlog magZ ang Z magl magVR magVL
1010 1001 1500 1096.296 59.28213084 0.009122 5.108111 8.59693
:]]8:]]; Magnitude of inductor voltage
1013 iy -
1014 < 8
1015 / — @
1016 —_| £ 4
1017 \ T2
1018 0 T T T T
1019 1 10 100 1000 10000 100000
1020 frequency (Hz)

Figure1l Example screenshot showing different areas of the spreadsheet



3 Conceptsin Electronic Engineering

This section presents four separate modules from the
undergraduate degree course, in which the authors
have found this spreadsheet-based approach fruitful.
Spreadsheets are introduced in the course during the
first year, for smulation of basic AC theory within
the level 1 module ‘Analogue Electronics’, as
described in section 3.1. The students’ knowledge
and experience in this area are further developed by
using spreadsheets in the level 2 module ‘Signa
Analysis and Processing’ to aid the explanation of
areas including s-domain system anaysis and
Fourier series. Section 3.2 presents an example of s-
plane analysis using this approach. Another level 2
module benefiting from the use of this approach is
‘Artificial Neural Networks’ (described in section
3.3), in which the training of single neurons and of
various neura network models are presented.
Further spreadsheet analysis is included in the level
3 module ‘Digital Signal Processing’, where this
approach readily and effectively demonstrates issues
including digital filters, z-plane anaysis, and the
chirp z-transform, as described in section 3.4.

3.1 BasicAC Theory

The level 1 module ‘Analogue Electronics’
introduces a number of aspects of AC (aternating
current) theory, including resistor-inductor (RL) and

resistor-capacitor (RC) networks, phasor
representations, and resonant circuits [2]. The
example shown in this sub-section presents the
simulation of a series RL circuit with afixed supply
voltage over a range of input frequencies. In this
circuit, the voltage across the resistor decreases as
the input frequency is increased, whilst the voltage
across the inductor increases as the input frequency
is increased, due to the increasing inductive
reactance. Figure 2 shows a screenshot of a
spreadsheet which evaluates and plots the voltage
across each of the two components, R and L,
assuming a supply voltage of 10 V. A colour-coded
phasor diagram illustrates the phasor relationship
between the supply voltage Vs, the resistor voltage
Vg and the inductor voltage V.. The user can
specify the values for components R and L, the
range of frequency analysis frin and fa, and aso a
single value of frequency fam. The on-screen
buttons select a dynamic ‘frequency sweep’ from
fmin t0 frax, OF @ single ‘frequency sample’ at fom.
The dynamic sweep shows a moving phasor
diagram, and corresponding colour-coded moving
markers on the frequency response plots. Having
been guided through the elements of the RL
simulation spreadsheet, the students are encouraged
to develop similar spreadsheets for RC circuits and
series resonant (RLC) circuits.

R (ochms) | L (mH) | fmin (Hz} | fmax (Hz) | fsam (Hz) fc (Hz) "freq sweep' shows animated plot from fmin to fmax
560 100 50 100000 1500 891.27 "freq sample" shows single sample at fsam
freq (Hz) mag Z ang Z mag | mag VR mag VL (must be between fmin and fmax)
1500 1096.29576  59.2821308 0.00912163  5.1081106 8.596930038
freq sweep freq sample Magnitude of resistor voltage
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8
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Figure2 Freguency Response Analysisof RL circuit including Phasor Diagram



3.2 System Analysisusing the s-plane

The level 2 module ‘Signa Anaysis and
Processing’ develops the ideas introduced at level 1,
by using spreadsheets to illustrate areas including
s-domain analysis and Fourier series representations.
The example shown in Figure 3 illustrates a
simulation of s-plane analysis, in which the user
may specify up to four ss<domain poles p; and four
zeros z; (magnitude and angle) of atransfer function
H(s), and a scale factor K. The pole/zero locations
are plotted on an s-plane diagram. H(s) is defined
as.

(1)

If the user requires fewer than four poles and/or
zeros, then some poles and/or zeros may be disabled
by specifying an angle greater than 360°, in which
case these poleg/zeros are ignored in the subsequent
analysis. As with the AC theory example in section
3.1, frequency range and frequency sample values
(fmin, fmax @nd fem) May be specified by the user.
Frequency analysis is carried out in the s-domain
using the distances between the poles/zeros and the
frequency point of interest (on the imaginary axisin
the s-plane) for the magnitude response (equation 2),
which is calculated and plotted.

4

I1

H(s) =K x 12

4

I1

i=1

d..

g

2
d.

pi

The spreadsheet shows these distances as dzl,
dpl, etc., allowing students to perform calculations
manually and check their results against the
spreadsheet. Similarly, the angles from poles/zeros
to the frequency point of interest (given as angzl,
angpl etc.) are used to determine and plot the phase
response according to equation 3.

LH(S)zZanng - Zangpi €)
=1 i1

Three plots are shown: the s-plane diagram, the
magnitude response and the phase response, and on-
screen buttons may be used to select a dynamic
‘frequency sweep’ from f, to fna, OF @ single
‘frequency sample’ at fgm. The dynamic sweep
shows moving markers on the s-plane and frequency
response plots. Again, students are encouraged to
experiment with this spreadsheet for investigating
topics and examples covered in lectures (e.g.
Butterworth low-pass filter design), and to develop
similar spreadsheets for higher order systems.

[ use up to 4 zeros and 4 poles | K= 250 | fmin=1 Hz | fmax = 3000 Hz | fsam =|§_000—|Hz
Angles in degrees Disable zeros or poles by using angle greater than 360 degrees
ZERO 1 ZERO 2 ZERD 3 ZERO 4 POLE1 POLE 2 POLE 3 POLE 4
mag | angle mag | angle mag | angle mag | angle mag ‘ angle mag | angle mag | angle mag | angle
12000 | 150 [ 12000 | 150 [ 26000 | oS0 [2so00| 90 [ooooo | 95 [oooon| 95 [3s000| 95 [ 35000 85
"freq sweep” sweeps from fmin to fmax “freq sample” shows single sample at fsam (must be between fmin and fimax)

freq {Hz) mag dz1 dz2 dz3 dz4

5000  528.763

phase
113.967

dp1 dp2

dp3

27458.5 383324 6415.93 564159 116235 5136%.4 460585 66352.9 | 67.7609 T4.4773

dp4 angz1 angz2 angz3 angz4 angpl angp? angp3 angpd

90 90 81.3751  88.0554 -48.5246 87.365

freq sweep s-plane 1200

Magnitude response
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Figure 3 System Analysisusing s-plane Poles and Zeros



3.3 Artificial Neural Networks

The authors have developed several spreadsheets to
demonstrate a number of concepts [3] for the level 2
module ‘Artificial Neural Networks’, including:
training agorithms for McCulloch Pitts (MCP)
neurons, error backpropagation for multi-layer
networks, the design and anaysis of Hopfield
(single layer) networks, and the application of
Hopfield networks in the implementation of an
image compression system. The example presented
here shows a spreadsheet demonstrating the Delta
Rule training algorithm for MCP neurons.

N
0if > X,W,<T

=1

F=

N
Lif Y X,W,>T

j=1
Figure4 A McCulloch Pitts neuron

The Deta Rule training agorithm is
implemented by sequential application of the
training patterns and updating of the weights and
threshold as defined by equations 4 and 5:

Wimen) = Wilg) + adX; (4)

()

where a is a user-specified learning rate factor, and
d is the difference between the required output and
the actua output, i.e. 6=(R-F), for the current
input pattern.  The sequence is restarted after
applying an input pattern for which 6#0, and
training is complete when 6 = O for all patterns.

The example in Figure 5 shows the completed
training of a two input MCP neuron trained to
perform the logical AND function. The training set
isfixed. The user may specify initial values for the
neuron’s weights and threshold and the learning rate
factor a. These values are then copied to the
working part of the spreadsheet using the RESET
macro. The user may then single-step the algorithm
(STEP) or run the algorithm to the next point where
the weights and threshold are updated (RUN TO
CHANGE). The RUN TO END macro resets the
system and then runs the algorithm until training is
complete. This spreadsheet-based approach has the
clear advantage, over a procedural programming
language such as C, of allowing the students to see
the training process iteration by iteration and the
corresponding changes in the decision line position
as training progresses, and enabling them to readily
assess the effects of different starting conditions and
learning rates.

Tnew) = T(olg) + 08

Weights Algorithm Data
Training Set Current / Next Pattern| 2.10 [ =0.60 [ -0.50 o= 2
Pat | X1 | X2 | R | X1 | X2 R W1 W2 T Iter | Pat F (4]
0 0 0 0 1] 0 0 | 410 | 3.40 | 5.50 | 39 0 0 0
1 0 1 0 0 1 0 | 410 | 340 | 550 | 40 1 0 0
2 1 0 0 -
3 1 1 1 X2 Delta Rule Training
Algorithm Example
Macro Buttons | # Logic 1
B LogicO0
si=Ey —Decision line
STEP
RUN TO CHANGE
RUN TO END
X1

Figure5 MCP Neuron Training using the Delta Rule Training Algorithm



3.4 Digital Signal Processing

The level 3 module ‘Digital Signal Processing’
extends and develops the signal analysis concepts
described in section 3.2 to discrete-time signal's, and
includes concepts such as z-plane analysis, digital
oscillator design, and the chirp-z-transform (CZT).
Figure 6 illustrates a CZT [4] simulation, in which
the user may specify up to three complex conjugate
pairs of poles of az-domain transfer function H(z):

H(Z)=—— ®)

[1lz-p.)z-p))

i=1

where * denotes complex conjugate.
The spreadsheet analyses the magnitude of H(2)
over a z-plane contour defined by the parameters

A = Ag£6, (defining the start point of the contour)
and W =W;yZ-¢o (defining the spira rate of the
contour). The z-plane contour incorporates 128
points z, defined by:
z,=AW™*  k=0,1,2..,127 (7
Figure 6 shows an example result from this
spreadsheet simulation, with the z-plane plot on the
left indicating the positions of the six poles and the
user-specified CZT contour. It can be seen that the
contour passes quite close to the first two poles,
resulting in significant separate peaks in the
magnitude plot, shown on the right of Fig. 6.
Students can experiment with different transfer
functions and CZT contours, enabling a deeper
understanding and better appreciation of the CZT.

Specify 3 pairs of poles here MAG 1 ANG 1 MAG 2 ANG 2 MAG 3 ANG 3
{angles specified in degrees) 0.3 35 073 50 09 110
CHIRP Z-TRANSFORM ANALYSIS OVER 128 POINTS Initial Point A Spiral Rate W
Initial Point specified by A, Spiral Rate controlled by W A0 00 W0 0
{angles specified in degrees) 0.9 0 1.005 28125
CZT z-plane contour CZT Magnitude
50
unit circle 491
5 40 +
35 4
30 +
25 4
20 A
15 A
/ 10 A
e 5 |
< 0 . . ; . . . .
X 0 16 32 48 64 80 96 112 128
k

Figure 6 Discrete-Time System Analysis using Chirp z-Transform Algorithm

4 Concluding Remarks

This paper has presented, with illustrative
screenshots, a discussion of the use of spreadsheets
for a number of different application areas within
electronic engineering. It has been found that this
approach is helpful and constructive across al levels
of an undergraduate honours degree course, and that
a deeper and more complete understanding of the
theory is achieved by the students, compared to the
use of high-level tools alone. The use of high-level
tools is dtill maintained, and complements this
spreadsheet-based approach.
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