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1 RELATIONS BETWEEN TEST SIGNALS
IN THE TIME DOMAIN

In the time domain, especially for testing measuring sys-
tems, three forms of signals are used as often as an approx-
imation. They also are used as typical model signals, see
Section 3. These are

1. the unit pulse signal or the

Dirac impulse x(t) = δ(t) (1a)

2. the unit step signal x(t) = w(t) (1b)

3. the unit ramp signal x(t) = ct ; c = 1 (1c)

and last but not least, the sinusoidal test signal as treated in
Article 27, Signals in the Frequency Domain, Volume 1.

The three signals are shown in Figure 1.
The three functions (1a, b, c) are related to each other:

they are each the integral of the other

∫ t

0
δ(τ ) dτ = w(t) (2a)

∫ t

0
w(τ) dτ = cx with c = 1 (2b)

Consequently, the inverse function yields

d

dt
w(t) = ∂(t) (3a)

d

dt
cx = c = 1 → w(t) (3b)

It may be remarked that using classical analysis, (3a) is not
strictly realizable because the unit step function is a dis-
continuous function and, therefore, cannot be differentiated
at t = 0.

This difficulty is overcome using the modern distribu-
tion theory (Posthoff and Woschni, 1984; Smirnow, 1979).
Here, the discontinuous function is replaced by a con-
tinuous one and then the limit �t → 0 is realized as
Figure 2 shows.

These relations between the test functions are very impor-
tant in system theory because in linear systems, the output
signals resulting from these inputs must have the same rela-
tions with each other.

2 TABLE OF IMPORTANT SIGNALS

The essential properties of important signals are summa-
rized in Table 1. Individual signals have already been pre-
sented as examples in the relevant articles. The harmonic
oscillation, the unit impulse, and the unit step are typical
test signals for system identification. White noise (wide-
band noise) has been included in the summary as it is the
most important interfering signal. For this signal, there is
no amplitude density X̂(jω), as has already been discussed
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Figure 1. (a) Unit pulse signal; (b) unit step signal; (c) unit
ramp signal.
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Figure 2. Interpretation of the relationship between unit pulse
(a) and unit step; (b) function due to (3a).

in Article 27, Signals in the Frequency Domain, Vol-
ume 1. The relationships that have already been pointed out
between time and frequency functions as Fourier transforms
become evident: the narrower the time signals, the wider
the band of the frequency signals present with the extreme
case between the constant behavior in the frequency domain
and the function behavior in the time domain, see Arti-
cle 29, Relationship Between Signals in the Time and
Frequency Domain, Volume 1.

3 APPROXIMATIONS AND ESTIMATIONS

Of importance in measurement technology, in particular,
are estimates and approximate considerations. In contrast to

other fields of information engineering, for instance, control
engineering is where input signals are given (i.e. they are
known) and it is the output signals that are to be calculated;
in measuring technology, the opposite has to be done for
the input signal is the unknown system variable.

For this reason, before choosing a suitable measuring
device and processor, it is necessary to make an assessment
of the signal behavior to be expected, on the basis of a priori
information, and to then choose the device.

To this end, it is usual to approximate the quantity to
be measured by either a pulse-shaped or a ramp-shaped
signal. Therefore, these two signals have also been included
in Table 1. The pulse duration and the duration of the
ramp function respectively, can be taken from data on
the technological process to be investigated, for instance,
the speed in rotating machines. The ramp is a useful test
signal for systems that cannot respond rapidly due to high
inherent inertia.

According to the sampling theorem, a threshold fre-
quency ωg corresponds to signal duration 2T1

ωg = π

2T1

(4)

Above this frequency there are only spectral oscillations
having a relatively low amplitude; the amplitude or power
spectrum mainly lies below this threshold frequency (called
band-limited signals). To avoid major measurement errors,
it is therefore sufficient for the measuring device to
cover this frequency domain, that is 0 ≥ ω > ωg (see
also Article 36, Systems in the Frequency Domain,
Volume 1). The dynamic response of typical linear systems
is analyzed in detail in Article 59, Introduction to the
Dynamic Regime of Measurement Systems, Volume 1;
Article 60, Zero Order System Dynamics, Volume 1;
Article 61, First-order System Dynamics, Volume 1;
Article 62, Second-order System Dynamics, Volume 1.

4 NOISE SIGNALS

Noise signals are important in measurement technique
firstly as test signals, and secondly because disturbances
and electronic noise are inevitable in any measuring sys-
tem. To describe these signals, Table 1 shows the power
density function S(ω) and the autocorrelation function ψ(τ )
of them. Between both exist relations that are treated in
detail in Article 29, Relationship Between Signals in the
Time and Frequency Domain, Volume 1, see especially
Table 2 – the so-called Wiener–Chinchine theorem.

�(τ) =
∫ +∞

−∞
δ(ω)ejωτ dω (5a)
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Table 1. Properties of important signals.

∞O ∞O

−w1 +w1 w

∞O ∞O

−w1 +w1 w

x2
eff

1

0

x

1

0 t w

w w

∞

t

w t

t

0 0

1/2

0 0

O

0

∞

t 0

O

00

0

O

w

ww

∞

t

t

x

t

x

−T1 +T10 t

0w w
−T1 +T10 t

x
x̂ x̂

2

−2T1 +2T1

t

x Test
signal

Test
signal

Test
signal

Charac-
teristic

Time function
x(t )

Amplitude
density
X (jω)^

Power density
Sxx(w)

Autocorrela-
tion function

yxx(t)

Remarks

Harmonic
vibration

Unit step
w(t )

Unit
pulse
d(t )

Pulse

Ramp
function

White
noise

Important
for 
approxi-
mations

Important
for 
approxi-
mations

Typical
disturbance

S(ω) = 1

2π

∫ +∞

−∞
�(τ)e−jωτ dτ (5b)

Furthermore, there are the mean square value x2(t) and the
effective value

Xeff =
√

x2(t) (5c)

with the relation to the autocorrelation function of

x2(t) = �(0) (5d)

as dealt with in Article 30, Statistical Signal Representa-
tions, Volume 1.

Often the signals can be assumed to be of Gaussian
type. Wideband or white noise, having a constant power
density So – see Table 1, is important because it arises in all

electronic components and devices. To measure the value
of So, a color filter – also called shaping filter – as shown
in Figure 3(a) is used, leading to the generation of colored
noise

S(ω) = So

1 + ω2R2C2
(6a)

Figure 3(b) demonstrates its nature. Often met names of
colored noise types are pink and gray noise.

From (6a) it follows the whole power is at the output if
the limiting frequency of the measuring device at the output
is ωc

PωC
=

∫ +ωc

−ωc

So

1 + ω2R2C2
dω = 2So

RC
arctan ωcRC (6b)
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Figure 3. (a) Shaping filter (low-pass filter) and (b) colored
noise.

and thus leading to the value of So

So = Pωc
RC

2 arctan ωcRC
(6c)

The limiting case → yields (Woschni, 1988)

P = πSo

RC
(6d)

Using this method, for instance, noise sources, such as
noise diodes, may be calibrated.
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