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Abstract: In this paper, the parameters of pulse signals and algorithms for their calculation are presented following
the latest standards and guidelines in the field. The focus of the paper is related to the evaluation of the signal parameters
in laboratory conditions and the comparison between the experimental and simulation results. The paper proposes a
methodology for determination of pulse parameters of a communication network model simulated in MATLAB and
confirmed by a laboratory measurements. Since many parameters can be used to define pulse signals, this research
highlights the most commonly used in the science and industry. On the other hand, some of the influencing factors have
negligible effect on the measurements and therefore they will be mentioned but not evaluated in the paper.
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JE®OUNHUPAIE 1 MEPEILE TAPAMETPU HA UMITYJICHU CUT'HAJIA
MHNPEKY EKCHEPUMEHTAJIHA BEPUOUKALIMJA U CUMYJIAIIMJA BO MATLAB

AmcTpakT; Bo0BOj TpyA ce mpeTcTaBeHH MapaMeTpUTe Ha UMIYJICHUTE CUTHAIN U aJlTOPUTMUTE 332 HUBHA Mpec-
METKa CIlIeIejKH TH HajHOBUTE CTAHIApAU M YIAaTCTBA O JajeHara oomacT. PoKycoT Ha TpyJOT € MOBP3aH CO Mpolie-
HAaTa Ha apaMeTPUTE Ha CUTHAJIOT BO J1JaDOPaTOPHUCKM YCIOBHU M criopendara nomery eKCrepUMEeHTAIHUTE Pe3yJITaTh
u cumynanuure. Bo Tpynot ce 06paboTyBa MeTO10/I0THja 32 ONpe/ieyBabe Ha MapaMETPUTE Ha UMITYJICHUTE CUTHAIIN
COTJIACHO CO MOJIEJIOT Ha KOMYHHKaIMcKa Mpexa cumyiupad Bo MATLAB u noTBpJieH co 1abopaTopucKku Mepema.
Wmajku mpenBua 1eka MocTojaT MoBeKe MapaMeTpH KOUIITO MOKAT J1a C€ UCKOPHCTAT 3a AepUHUPAE HAa UMITYJICHATE
CHTHAJIM, OBA MCTPAKyBamhe I'M HCTAKHYBA CAaMO HAjuyeCTO KOPHCTEHUTE BO HayKaTa U MHAYycTpujata. On apyra cTpaHa,
Hekou o7 (hakTOpUTE Ha BIMjaHHE MMaaT He3HAuHTelIeH e(eKT BP3 Mepemara M 3aToa THE BO TPYJIOT CE CIIOMEHATH,
HO HE ce JIETAIHO elabopupaHH.

Koyunu 360poBu: napaMeTpy Ha UMITYJICHH CUTHAIIM; UMITYJICHA METPOJIOTHja; MepeHhe Ha MMITYJICHU CUTHAIN,
MATLAB;

1. INTRODUCTION

Pulse metrology is the science of the measure-
ment related to pulses and their parameters [1]. It is
the ability to measure pulse signals in a repeatable
and reproducible manner with an adequate measure-
ment uncertainty. Each measurement has its meas-
urement uncertainty characterizing the dispersion of
the quantitative estimations being attributed to the

measurement [2]. Pulse measurements are widely
used for many applications, but determining the
measurement uncertainty and describing the sensi-
tivity of each contributing factor can be challenging
and only top tier national metrology institutions
have developed standards and artifacts in this area.
Pulse parameters differ when calculated by different
manufacturers, and therefore terms related to transi-
tions, pulses and waveforms, definitions and de-
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scriptions of techniques and procedures for measur-
ing their parameters are important. The standards
IEEE 181-2011 [3], and IEC 60469:2013 [4], pro-
vide such definitions and algorithms for calculation
of pulse parameters. Having in mind the broad ap-
plicability of electrical pulse technology in the elec-
tronics industries (such as computer, telecommuni-
cations and test-instrumentation), the development
of unambiguous definitions for pulse terms, and the
presentation of methods and/or algorithms for their
calculation is very important [5]. In addition, with
the development of Field Programmable Gate Ar-
rays (FPGA) and processor power of personal com-
puters, real-time measurements and uncertainty
analysis are possible ranging from slow to ultra-fast
pulse metrology. The availability of such digitalized
procedures helps laboratories and consumers to bet-
ter compare the performance of different products
and test the equipment with better precision. The
technological improvements, especially by develop-
ment of digital waveform recorders have facilitated
the capture, sharing and processing of signal wave-
forms. Very often these waveform recorders have
the ability to process the waveforms internally and
directly calculate the pulse parameters. This process
can be done automatically and without operator in-
tervention.

This paper proposes a MATLAB model for a
transmission line commonly used for communica-
tion in electricity meters. The simulation model was
implemented, tested and compared to the experi-
mental measurements in order to detect the differ-
ence and provide the possibilities for future research
and improvement. Consequently, definitions and
methods of computation for pulse parameters are
given and compared with other related papers.

2. SIGNAL DEFINITION
AND INSTRUMENTATION

In the domain of pulse generation and meas-
urement one have to use a specialized instrumenta-
tion, e.g. function generators and oscilloscopes. The
instruments used for the experimental measure-
ments are as follows:

e Arbitrary function generator AFG3021. This in-
strument is capable of generation of arbitrary
waveforms and pulse generation. It can be used
for electronic tests and design, sensor simula-
tion, functional tests, education and training [6].

e Digital oscilloscope TDS1002, with real-time
acquisition up to its full bandwidth of 60 MHz

with advanced triggers to isolate signals of in-
terest and other standard automatic measure-
ments [7].

The instrumentation used in the experiments
must be traceable to the top tier laboratories in the
world like (NIST, NPL and PTB) [8]. Also other
laboratories have developed a traceability chain be-
tween ultrafast electrical pulse waveforms and the
SI [9]. This paper was focused on low frequency
signals, which have commercial use in smart elec-
tricity meters, as defined in IEC 62053-31 [10]. The
pulse parameters were set to match the realistic sce-
nario of a smart meter output, whereas the circuit of
the cables was designed in MATLAB Simulink to
show the impact of the cable length. The signals
used both in the simulation and the laboratory ex-
periment are given in Table 1.

Table 1l
Pulse parameters values of the signal

Parameter Value Unit
Reference level at the first instant 0 \Y
Amplitude 5 \Y
Delay 0 us
First transition duration 100 us
Second transition duration 100 us
Pulse duration 35 ms
Waveform period 90 ms

For the simulation and the experimental meas-
urements MATLAB and a specialized oscilloscope
software were used to precisely determine the value
of the parameters. The signal used to simulate an
energy meter with constant power consumption was
defined with a frequency of 11.11 Hz. The signal
generated in MATLAB Simulink is shown in Figure
1.

3. DEFINITION OF PULSE SIGNAL
PARAMETERS

Each of the state occurrences in a signal wave-
form can be described, and can be used to define
different signals. However, few of these parameters
can be applied to each signal. Regarding the signal
parameters given in Table I, the values of three pa-
rameters will be evaluated and compared in this pa-
per.
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Fig. 1 Signal generated in MATLAB
According to [11] the following definitions — Unsigned waveform amplitude is the absolute
have to be applied: value of the signed amplitude.

* Pulse amplitude is the difference between the o Transition duration is the difference between the
specified level corresponding to the maximum two reference level instants of the same transi-
peak (or minimum peak) of the positive (or neg- tion. Unless otherwise specified, the two refer-
ative) pulse-like waveform and the level of the ence levels are the 10% and 90% reference lev-
state preceding the first transition of that wave- els.(Figures 2 and 3).

form.

o Waveform amplitude is the difference between
the levels of two different states of a waveform.
Two different definitions for amplitude are
given by this standard because they are both in

common use. In all applications of this standard, h . f b . ithi
the chosen definition shall be clearly identified. * Overshoot Is a waveform aberration within a

The two definitions are as follows: post-transition aberration region or pre-transiti-
on aberration region that is greater than the upper
state boundary. If more than one such waveform
aberration exists, the one with the largest magni-
tude is the overshoot unless otherwise specified.

If the upper and lower state boundaries of the
two states are not the user-defined reference levels
(for example, the 10% and 90% reference levels),
then the duration of a transition is not equal to the
transition duration [3].

— Signed waveform amplitude is the level of the
state succeeding a transition minus the level of
the state preceding the same transition.

— signal
X upper cross
. lower cross
| & post-undershoot
upper boundary
| upper state
lower boundary
| — — —upper reference
I lower reference
upper boundary
.......... lower state
‘ lower boundary

Level (Volts)

Time (seconds) <1074

Fig. 2. Two-states pulse signal simulated in MATLAB
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Fig. 3. Overshoot and undershoot in single positive transition

4. SIMULATION OF THE SIGNAL
IN MATLAB SIMULINK

The signal path influences the measurement
process, which is often quantitatively negligible on
the signal itself and its parameters. The current-loop
signal has the advantage of being robust against
electromagnetic interference and voltage drop on
the connecting cable and can detect physical con-
nection failures, such as broken cables. The effects
of electrical parameters on the conductors, primarily
the parasitic components, and the insulation through
which the signal is transmitted, certain additional
joints or electromagnetic influences from surround-
ing conductors can disturb the signal [11].

In this section, the focus is on the influence of
conductors and the different scenarios in which they
distort the pulse signal. After the simulation results
obtained with MATLAB Simulink, experimental
measurements are performed with the same circuit.
The aim is to show in practice weather they can have
a significant impact, but also to prove in which cir-
cumstances they can be neglected and insignificant.
This will serve to obtain certain signal distortions
that will be defined as SO type Class A pulses ac-
cording to IEC 62053-31 [10].

Electrical transmission cables can be mathe-
matically modeled depending on the frequency of

the signal to be transmitted. Unlike high-frequency
transmission signals, low-frequency electrical trans-
mission cables (such as metering cables for moni-
toring the consumption of electric meters) can be
modeled using a simple cable model. In this paper,
a simple cable model from a manufacturer datashe-
ets is used for a simulation. It has been confirmed
that for short cable lengths, as commonly used in
metering applications, the equivalent cable circuit
will not cause a noticeable change in the number of
pulses or their waveform. Then using the comerci-
ally available R, L, and C components, an RLC cir-
cuit is dimensioned so that it will disturb the signal
and yield different parameters than the ones genera-
ted, described in chapter 3. It is well known that a
cable is represented by its electrical resistance,
capacitance, and inductance that may have different
electrical connections, mounted at separate points
along the cable. Various models were analyzed
during within the research prior this paper, and
hence, it was decided to use the best-known RLC
circuit model given in Figure 4.

Unlike resistors, the voltage across the capaci-
tor changes with time. The dependence on which the
voltage changes as a function of time is proportional
to the charge current through it and inversely pro-
portional to the magnitude of its capacitance [11].
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Fig. 4. MATLAB model of the communication interface

For the inductor, the charge current changes
over time and is proportional to the voltage of the
inductor and inversely proportional to the magni-
tude of the inductance [11], as shown in equations:

ave(t) 1 . , duc(t)

%= r ic(®) e ic(t) = C'% 1)

For the inductor, the charge current changes
over time and is proportional to the voltage of the
inductor and inversely proportional to the magni-
tude of the inductance [8], as shown in equations:

diL(t) — diL(t) (2)
dt dt

At the end there is a scope to measure the out-
put voltage, and with the build in block Scope, the
simulation after completion measured the ampli-
tude, transition duration and the overshoot.

RACERAGESE

5. EXPERIMENTAL MEASUREMENTS
AND DISCUSSION

In order to perform the measurement and ex-
perimentally determine the pulse parameters de-
scribed in Chapter 3 and compare these values with
the simulation in MATLAB, an experiment was per-
formed to generate the signal and measure the out-
put of the circuit given in Figure 4. All the blocks of
the measurement process given in Chapter 4 were
replaced with realistic instruments. The experi-
ments were related to a power meter realistic pulse
signal, without any distortions. Such a signal is re-
ferred to as a SO — class A. This is the type of pulse
signal that can be found in industrial applications
when remotely reading or transmitting power con-
sumption. The values of the R, L and C components
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were selected the same as the ones used in the sim-
ulation. The oscilloscope was used to precisely de-
termine the pulse signal parameters, where a multi-
ple measurements were performed in order to calcu-
late the type A measurement uncertainty. The pur-
pose of this measurement is only to determine its
value. The measurement result is only an approxi-
mation of the correct value and is thus completed
only when accompanied by a value for the uncer-
tainty of that estimate. In practice, the required spec-
ification or definition of the measured value is ac-
companied by an uncertainty interval. The meas-
ured value should be defined in terms of the re-
quired accuracy, so that for all practical purposes re-
lated to the measurement its value is unique [13].

According to the pulse parameters definition
these equations are used by the software to deter-
mine the analyzed parameters [3]. The amplitude is
defined as:

A = level(s2) — level(s1), 3)
where A is the amplitude of the waveform, s; and s,
are the state levels of the signal.

Transition duration is expressed as:

£909%-10% = Loo% — t10% (4)

where togw-10% IS the time as the difference between
90% and 10% reference level instants for the same
reference levels.

Overshoot (aberration):

__ Ymaxpre—level(sz)

Opre (%) - 14|

100%, (5)

where Oy is the overshoot value in the pre-transi-
tion aberration region, Ymaxpre IS the maximum
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waveform value in the pre-transition aberration re-
gion, A is the waveform amplitude, level(s2) is the
state level for a positive-going transition.

The scope of this experiment was to prove the
justification of some factors in the measurements,
but also to point out the factors that must be in-
cluded in the further uncertainty analysis. Some dis-
crepancies were noted between the simulation and
the actual measurements, which is to be expected
given the metrological performances of the instru-
ments as presented in Chapter 2. The values taken
to generate a distorted signal were selected accord-
ing to the mathematical model given in Chapter 4,
so that the observed aberrations give the opportunity
to characterize and compare the results. Figure 5
shows the laboratory instrumentation setup, where
as Figure 6 shows the graph of the waveform ob-
tained from the experiment which was performed
forR=1Q, L=3mH, C =5.1nF and the circuit
from the simulation shown in Figure 4.

Fig. 6. Comparison between the simulated
and the realistic signal

The experimental results produce nearly per-
fect match for a human eye. However, there were
differences considering the quantification of the

pulse parameters summarized in Table 2. It must be
stated that in the proposed application (pulse coun-
ters, energy managements systems, etc.) these dif-
ferences are not significant. But although the wave-
form looks roughly the same, the parameters dis-
cussed in Chapter 3 that were measured with the
oscilloscope and the MATLAB simulation had sig-
nificant differences. This proves the complexity of
estimating the measurement uncertainty of these pa-
rameters and how many factors influence such re-
search. These differences are due to several factors.

It was realized that the following factors have
a direct impact and have influence on the measure-
ments, but were not quantified: ambient tempera-
ture, humidity, power supply stability, cable joints,
system grounding, instruments uncertainty etc.

e The simulation uses the nominal values for the
R, L, and C components, but in the actual meas-
urement have tolerances from the nominal val-
ues.

e The pulse generator internal impedance affect
the measurements.

e Signal path effect, especially compensation pro-
be TT-LF 312-2-6 with parasitic capacitance
and time delay.

¢ The oscilloscope internal impedance.

¢ Difference in MATLAB data extraction and
Tektronix FDS1002 oscilloscope software.

e Physical limitations of the function generator
when generating an identical signal (e.g. transi-
ent duration or amplitude), etc.

When considering the above mentioned fac-
tors, the analysis circuit looks far more like the one
given in Figure 7 rather than the one that was previ-
ously defined in Figure 4. This experiment and
simulation were done to contribute to a better under-
standing and analysis of the factors affecting the
measurement and to minimize their impact on the
measurements through which the measurement un-
certainty would be expressed in future research. The
compared values are given in Table 2.

Table 2

Comparison of the results

Amplitude Transition duration Overshoot

Experimental

measurements 5.03V 102,01 ps 3.976 %
MATLAB
simulation 495V 76.79 ps 1.539 %
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Fig. 7. Equivalent circuit model for the experimental measurements

6. CONSLUSION

In order to quantify the parameters of any pulse
signal, good knowledge of pulse metrology and the
factors affecting the measurement process are re-
quired (most importantly the instrumentation and
artifacts used). It is possible to obtain this data
through software simulations, but many compo-
nents need to be considered in order to obtain satis-
factory accuracy. As shown in this paper, the volt-
age related parameters were fairly close, unlike
time-related parameters which show a significant
difference.

It has been proven that there are differences be-
tween the IEEE standard 181-2011 computation
methods and those used in commercial software for
certain pulse parameters [14]. To maximize the ac-
curacy of the comparison of parameter values, cer-
tain pulse parameters, such as pulse spectrum am-
plitude O, can be measured in more than one way.
Because test methods may yield different results,
they cannot be prescribed as a standard. Instead,
measurement laboratories develop their own sys-
tems for measuring given parameters and rely on the
use of transfer standards to demonstrate the equiva-
lence of the methods. Future research can focus on
creating more accurate simulations for this type of
measurement and tests of equipment in order to cre-
ate a procedure.
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