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signal, n. A modulation of an electric current, electromagnetic
wave, or the like by means of which information is conveyed from
one place to another; the current or wave itself; also, a current or
wave whose presence is regarded as conveying information about
the source from which it comes.
Oxford English Dictionary



Effectively, when we sample a signal, we are converting a
property’s continuous values into discrete values.



Precision (Also called Resolution) The level of discrimination
between measurements; the smallest recorded
change. For instance, a digital thermometer might
have a resolution of 0.1◦ C, meaning it can detect
and record a temperature change of one-tenth of one
degree, but no smaller.



Accuracy How representative the measurement is of the true
value; the possible error between the actual value and
the measured value. For instance, the same digital
thermometer might have an accuracy of ± 1%,
meaning its measurement is within 1 per cent of the
actual temperature.



Synchronisation (A component of accuracy) How well-aligned the
value is with the original; the offset between the
measurement and the property being measured.



I Imagine some children timing each other running 100 metres.
They have a digital stopwatch.

I The stopwatch is accurate to 0.00001667% (1 in six million),
and displays the elapsed time to one one-hundredth of a
second.

I So, they have an accurate and precise measurement, but of
what?

I The stopwatch is poorly synchronised, and their measurement
of their runs is (probably) inaccurate.



I Big Ben is maintained to be accurate to within ± two seconds
meaning that it is properly synchronised.

I However, it has only hour and minute hands, but no seconds;
so, you don’t know whether it’s just past 12:15 or just before
12:16.

I So, your reading of it could be up to 59 seconds in error
because its resolution is one minute (ignoring Big Ben’s two
seconds of possible inaccuracy).



I Suppose you had a scientific atomic clock that was properly
calibrated to local time in the UK.

I But then you took it to the east coast US.
I Its precision is unchanged and it was correctly synchronised to

begin with, and it’s still telling the correct time for the UK,
but for the new local time, it’s five hours out!



I Essentially, cycles (or samples) per
‘dimension’ (e.g. time or distance).

I Frequency in time is measured in
Hertz (Hz), which means cycles (or
sometimes samples) per second.

I Frequency (Hz) = 1
Time(sec)

Heinrich Rudolf Hertz
(1857 – 1894)



I The independent variable (x-axis) of a sine wave is angle (in
radians or degrees), because sine waves are periodic.

I By periodic, we mean that they cycle through repeating
values.

I One full cycle corresponds to 360◦ (2π radians).
I Thus, time and angle are interchangeable when considering

periodic waveforms.
I Angle is usually expressed in parts of one cycle, so 900◦ (21

2
cycles) is usually referred to as π radians (180◦ ).
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I Digitally, any signal can be represented by a series of samples
that indicate the signal’s amplitude at consecutive positions
along some dimension (area in the case of images, time in the
cases of sound and electromagnetic radiation).

I The interval between samples is held constant, and is usually
labelled T or δt (at least for time).

I The signal’s independent dimension (x axis) is implicit in the
index.

I Theoretically, we don’t know what happened to the signal
between samples. (See Resolution)



I MATLAB stores signals as just a vector of data, indexed by
position in the vector.

I So, to map the vector data back into the time domain, just
multiply the index number minus one by the interval between
samples.

I For example, if you sampled every half-second, the 10th
sample was taken at (10 − 1) × 0.5 = 4.5 seconds.



y 0 0.38 0.71 0.92 1 0.92 0.71 0.38 0 -0.38 -0.71 -0.92 -1 -0.92 -0.71 -0.38 0

Sample # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17



I To fully understand the signal vector, we need one more thing:
the sampling rate.

I For example, if a complete cycles lasts for ten elements of the
vector, and the sampling rate was 100 samples per second,
then the signal’s frequency is determined as follows:

T = 1
sampling frequency Hz = 1

100 = 0.01sec

f = cycles
time = 1

10 × 0.01sec = 10Hz



I To view the waveform, use
the Plot Tool.

I The default view can be
difficult to read, so turn on
the Property Editor, click on
an axis, and adjust the
Limits.

Square Wave Plotted by
MATLAB



I A single full sine wave is generated by calculating the sine of
all angles from 0 to 2π radians.

I To generate a sine wave, use the general expression:
S = sin( 0 : 2*pi/nsamps : 2*pi*ncycles );

I nsamps should be increased to improve sampling resolution (i.e.
number of samples per cycle), and decreased to reduce
memory consumption.

I ncycles dictates the number of cycles generated in the vector.
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NOTE: there is the same number of samples (X axis) as in the
previous plot. In other words, the sampling rate is unchanged.



I The jagged shape of the waveform is called aliasing error.
I Managing this ‘jaggedness’ (anti-aliasing) is a common

engineering problem. It is inherent in all digital entertainment
media, for instance.



I The vertical edges look resemble a square wave, which has an
infinite number of harmonics.

I Therefore, trying to replay the sampled signal with its jagged
shape would introduce waves that weren’t present in the
original.

I Recording and playback equipment is designed to lose as little
information as possible, but this error actually adds spurious
information.
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I When the signal frequency is exactly twice the sampling
frequency, the samples become ambiguous.

I Hence we have to sample at least twice as fast as the highest
frequency of interest.
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I Air temperature generally shows a frequency of one cycle day
(maximum in the afternoon, and minimum in the night).

I If you wanted to measure this temperature variation, you’d
instinctively measure at least twice per day to capture the
maximum and minimum.
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