
Introduction to Electrical and Computer Engineering Design ECEG 201
Session 08 Lecture Notes

Announcements

1. Reading:

(a) Pyplot Tutorial

(b) IEEE: The Top Programming Languages

(c) In Matplotlib 2.x By Example by Yu, Chung, and Yim

i. Chapter 1, Hello Plotting World!

ii. Chapter 2, Figure Aesthetics

2. Supplemental materials:

(a) Ten Simple Rules for Better Figures

(b) matplotlib web site

(c) matplotlib.pyplot API reference

(d) pandas: powerful Python data analysis toolkit

(e) Sparkfun: Graph Sensor Data with Python and Matplotlib

(f) Plotting with MATLAB

(g) MATLAB Graphics at MathWorks

A Very Bad Graph
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• Don’t fit a curve to the data points unless you are sure you know the shape of the curve.

• For measured data, clearly mark the measured data points.

• Don’t crowd the tics on either axis, don’t put tics in the center of the graph.

• Don’t use exponential notation for tic labels.

• Provide a legend or other labels to indicate what is being plotted if there is more than one dataset.

• Label the units for each axis.

• Don’t use pastel or light colors.
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https://matplotlib.org/3.1.1/tutorials/introductory/pyplot.html
https://spectrum.ieee.org/static/interactive-the-top-programming-languages-2019
https://ebookcentral.proquest.com/lib/bucknell/detail.action?docID=4987772
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1003833
https://matplotlib.org/
https://matplotlib.org/3.1.1/api/_as_gen/matplotlib.pyplot.html#module-matplotlib.pyplot
https://pandas-docs.github.io/pandas-docs-travis/index.html
https://learn.sparkfun.com/tutorials/graph-sensor-data-with-python-and-matplotlib/introduction-to-matplotlib
http://web.cecs.pdx.edu/~gerry/MATLAB/plotting/plotting.html
https://www.mathworks.com/help/matlab/graphics.html


A Better Graph
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A bad graph

bulb is set to medium brightness, it
imposes impulses of several tens of
volts onto the power lines at twice the
ac line frequency.

Tones are another form of noise. The
most common sources of tonal noise
are switching power supplies, which
are common in many electronic
devices, among them personal comput-
ers and electronic fluorescent ballasts.
Devices such as televisions and comput-
er monitors contain other high-speed
switching systems. The fundamental

frequency of such systems is anywhere
from 15 kHz to 1 MHz or more. The
noise that these devices inject onto the
power mains is typically rich in the har-
monics of the switching frequency. 

Figure 1 presents the spectrum of a
typical dc charger injecting into the
power-main-switching frequency har-
monics at 70 kHz (main frequency),
140 kHz, 210 kHz, 280 kHz and so on.

Channel simulations often rely on
the principle of superposition, which
assumes linearity and time invariance

of the noise sources. But neither
assumption holds for the power-line
environment, making theoretical analy-
sis extremely difficult. 

As an example, the impedance at any
point of the power-line network varies
with time as appliances are added or
removed, or as they change their power
draw from the network. It is also com-
mon to find different signal attenuation
in different directions along the same
path—i.e., signal attenuation from
point A to B, compared with the signal
attenuation from point B to A.

Another challenge presented by the
high variety of devices connected to the
power line and the changing load is the
variance in line attenuation and its fre-
quency dependence. Loads that present
low network impedance at communica-
tion frequencies compared with the
characteristic impedance of the wiring
(e.g., heating elements) cause the wiring
inductance, rather than its capacitance,
to dominate the propagation effects of

the communication signal. 
Figure 2 presents an example of a

real-life power-line channel that
combines many noise sources.

PLC technologies
The most prevalent smart grid
application today is connecting
consumer premises to utilities for
automatic meter reading (AMR),
which requires a limited amount
of bandwidth. Emerging smart
grid applications employ periodic
readings and active control in an
attempt to manage the load on the
grid (also called advanced meter-
ing infrastructure, or AMI).
Among the rapidly emerging high-
er-bandwidth applications are
street light control (SLC), vending
machines, solar panels, electrical

vehicle charging, smart appliances and
any application that involves an elec-
trically connected device in need of
monitoring and control. Such applica-
tions typically require between 15 and
30 kbits/s of reliable data.

As applications develop, the commu-
nications techniques employed over the
power line have evolved. Many of the
first schemes to be deployed included
variations of basic single-carrier fre-
quency-shift-keying (FSK) and phase-
shift-keying (PSK) techniques. Such
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PLC signal in presence of strong 64 kHz interefrence and its harmonics 
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Frequency (sampling frequency is 1.2 MHz)

0
-20

-15

-10

-5

0

5

10

15

20

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Figure 1. Typical dc charger spectrum.
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Figure 2. Unpredictable noise signature in narrowband channel.

Figure 1 presents the spectrum of a typical dc charger injecting into the power-main-switching frequency har-
monics at 70 kHz (main frequency), 140 kHz, 210 kHz, 280 kHz and so on.

Electronic Engineering Times, March 5, 2012, p. 36

• No units on X axis

• Has both a title and a caption, they are inconsistent

• X axis title is unclear

• X axis tics inconsistent with text

• Misspelled word in title

• Y axis units (dB) need a reference

Another bad graph
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↘ Ceramic Y5V SMT capacitors 
have recently become available 

in values and sizes that were previ-
ously available only with electrolytic 
capacitors. At first glance, they may 
seem a worthwhile unpolarized alterna-
tive to electrolytic capacitors, and they 
sometimes are. These capacitors, how-
ever, have a capacitance that is a func-
tion of the applied voltage. Modeling 
them as ordinary linear capacitors can 
lead to great discrepancies between 
simulated and measured—let alone 
expected—results.

Figure 1 shows some measurements 
of capacitance as a function of dc volt-
age on a 10-μF, 25V Y5V 1206 capaci-
tor. Reference 1 describes a method of 
modeling nonlinear capacitors using 
a look-up table. The use of a look-up 
table, however, adds complexity to the 
simulation and can lead to conver-

gence problems. If you limit the oper-
ating voltage to approximately 80% of 
the capacitor’s voltage rating, you may 
find that a simpler quadratic quasistat-
ic model can be sufficient for quickly 
arriving at a first approximation. 

Fitting the measured data of C to 
a0+(a1VDC)+(a2V

2
DC) using quadratic 

regression yields the coefficients of 
8.500065×10−6, −7.445791×10−7, and 
1.922001×10−8 for a0, a1, and a2, respec-
tively. Listing 1 shows the conversion 
from the parameters to the nonlinear-
capacitor model in PSpice. You can 
see the equivalent capacity in PSpice’s 
graphical postprocessor Probe as  
i(c)/(2*3.14159*frequency).

The differences between the meas-
ured values and the quadratic approxi-
mation are at worst approximately 20% 
(Figure 2). The relative residues are 
normally distributed with a mean of 

2.5% and a standard deviation of 10%. 
Those deviations might seem to be a 
rough approximation for a model, but 
you must compare them with the normal  
linear C model, for which the relative 

Quasistatic Spice model targets 
ceramic capacitors with Y5V dielectric
Hugo Coolens, KaHo Sint-Lieven, Ghent, Belgium

DIs Inside
58 Microcontroller drives  
piezoelectric buzzer at high 
voltage through one pin

58 Circuit automatically  
switches off DMM

60 Reconstruct the input  
current in a grounded- 
impedance current sensor

62 Simple circuit suits  
quadrature detection

▶To see and comment on  
all of EDN’s Design Ideas, visit 
www.edn.com/designideas.

▶Submit your own Design Idea 
to edndesignideas@ubm.com.

readerS SOLVe deSIGN PrOBLeMS
designideas
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Figure 1 This graph measures capacitance as a function of dc voltage on a 10-μF, 
25V Y5V 1206 capacitor.

Listing 1 conversion 
parameters

quadratic y5v−cap model
. param a0=8.500065u
. param a1=−744.5791n
. param a2=19.22001n
. param valdc=1
c 1 0 cmod {a0}
vin 1 0 dc { valdc } ac 1
. model cmod cap  
    ( c=1 vc1={a1/a0 }  
    vc2={a2 /a0 })
. ac dec 20 100 100k
. step lin param valdc 0 25 1
*display equivalent c as  
    i ( c )/(2*3.141 5 9 *frequency)
. probe
. end

Figure 1 shows somemeasurements of capacitance as a function of dc voltage on a 10-µF, 25V Y5V 1206 capacitor.
EDN, August 2012, p. 55

• Excessive grid lines

• Poor choice of line/point styles

• Vertical axis units should be µF

• Tic values don’t line up with grid

• Blurry, not a vector graphic

• Not connected well with the text

matplotlib

https://matplotlib.org/

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
0

50

100

150

200

250

300

import pandas as pd
import matplotlib.pyplot as plt

mydataframe = pd.read_csv('./Diodes.csv')

plt.plot('v1', 'ID7', data=mydataframe)

plt.show()

Graphing quantitative information

• Axis labels should provide a very brief descriptive name for the axis and, in parentheses, the symbol for its SI unit
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• Axis ranges should begin at zero, not extend significantly beyond range of important data

• Axis tics should be spaced so labels are readable

• Use 1/2/5 multiples of standard SI units for tic spacing

plt.xlabel("My X Axis Label")
plt.ylabel("My Y Axis Label")
plt.axis([minx, maxx, miny, maxy])
plt.legend()

• Choose units that give plotted values a magnitude between 0.1 and 1000

• Use only engineering prefixes (e.g. n, µ, m, k, G). There are a few exceptions, such as cm.

• Never use “e” notation for axis tics (e.g. 3.14e− 01). For logarithmic axes, use exponential notation (10−2, 103) or decimal
fractions (0.01, 1000)

# Increase price of spam by ten cents
mydataframe['spam'] = mydataframe['spam'] + 0.10

• Move the “key” (or “legend”) inside the plot area

• Use descriptive names for data series in the key

plt.plot('price', 'myitem3', data=mydataframe, label="SPAM")

• Eliminate the key altogether, label the data series themselves

plt.plot('price', 'myitem3', data=mydataframe)
plt.text(MyX,MyY,"SPAM")
#plt.legend()

• Graphs used in documents need a short caption, usually including a figure number that can be referenced in the text

• Graphs used in presentations need a title

• If data is from another source, provide a citation with the graphic

plt.title("My Great Plot Title")
plt.savefig("MyPlotFile.pdf")

matplotlib (PDF, 7675 bytes)
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Graphing quantitative information

Plot data points instead of lines if the data set is small or the mathematical relationship is unknown

• Avoid point symbols that have a similar appearance

• Make point symbols large when compared to line thickness

• Connect the points with line segments or plot the fit curve. In the text, clarify what you have done.

# Plot data points using red filled circles
plt.plot('price', 'myitem3', 'or', data=mydataframe)

matplotlib
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File formats for graphics

• Use a vector format for data graphs (e.g. pdf, eps, svg)

• If a vector format cannot be used, save the graphic as a PNG or TIFF using a density of 300 dpi or greater
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• JPEG files should only be used for photographs in a presentation or on a web page

MATLAB/Octave - Reading data from a file

A common generic file format for data is the CSV (comma separated value) file.

v1,I(D0),I(D9),I(D8)
0.000e+00,0.000e+00,0.000e+00,0.000e+00
4.000e-02,1.558e-08,1.405e-07,4.001e-14
8.000e-02,3.486e-08,1.299e-06,8.005e-14

M = dlmread('mydata.csv',',','A1..A500');
M = csvread('mydata.csv','A1..A500');

Columns are letters, starting with A.

Rows are numbers, starting with 1.

MATLAB/Octave - Plotting

Other commands you might need:

plot(MyXArray, MyYArray);

title('My Plot Title');

xlabel('My X Axis Label');
ylabel('My Y Axis Label');

axis([MinX, MaxX, MinY, MaxY]);

grid on/off;

text(Xloc, Yloc, 'Some String');

saveas(Fig,'MyFilename','Filetype');

Note that strings are enclosed in single quotes, unlike most other programming languages.

The Result
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