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CHAPTER THIRTEEN Parameters

A Valuable Tool for Waveform Analysis

The WaveAnalyzer option added to your Waverunner oscilloscope provides a valuable tool for data analysis and
the interpretation of measurement results: the histogram. With WAVA, histograms of waveform parameter
measurements can be created, statistical parameters determined, and graphic features quantified for analysis.

Statistical parameters such as mean, standard deviation and median are extremely useful, but alone are
usually insufficient for determining whether measured data distribution is as expected (see Chapters 4 and
11). Histograms expand the use of parameters to enhance your understanding by offering visual
assessment of this distribution and revealing: distribution type, such as normal or non-normal, helpful
for determining whether the signal behaves as expected; distribution tails and extreme values, which
can be observed, and which may be related to noise or other infrequent and non-repetitive sources; and
multiple modes, observable and possibly indicative of multiple frequencies or amplitudes, which can be
used to differentiate from other sources such as jitter and noise.

SET UP FOR HISTOGRAMS

Histograms are based on settings that include bin width and number of parameter events. The Waverunner
scope with WAVA uses special parameters for determining histogram characteristics such as mean, median,
standard deviation, number of peaks and most populated bin.

But before you can create a histogram, you must first set up the parameters you have chosen:
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PART

WAVEANALYZER

Parameters are used to perform waveform measurements for the section of a waveform lying between the
parameter cursors (Fig. 1.1, item [0). The position of the parameter cursors is set using the from and to menus,
and controlled by the associated menu knobs. The top trace in the figure below shows a sine wave on which a
freq parameter measurement () is being performed, with a value of 202.442 kHz as the average frequency.
The bottom trace shows a histogram of this parameter and a value of 201.89 kHz (O) — the average
frequency of the data contained within the parameter cursors.
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CHAPTER THIRTEEN: Parameters

As shown in Figure 1.2, up to five parameters can now be selected, each displayed on its own line below the
grid. Categories are provided for related groups of parameter measurements. The freq measure parameter from
the “Cyclic” category for Trace 1, previously selected, is displayed on Line 1 as freq(1) (Item [0). The avg
measure parameter from the “Statistics” category for Trace A is displayed on Line 2. This category provides
histogram parameters, while avg offers the mean value of the underlying measurements for the Trace A
histogram section within the parameter cursors (), shown as “avg(A)” in 0. Additional parameter
measurements can be selected from “Category” and “measure”. No parameters have been selected for Lines 3
to5

5. After selecting a category, choose a parameter from the “measure” menu. Then select the parameter
display line from the “On line” menu.
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Figael.2

If a parameter has additional settings that you must supply in order to perform measurements, the MORE
00X SETUP menu appears. But if no additional settings are required the DELETE ALL PARAMETERS
menu appears, as shown here; pressing the associated menu button clears the results in all five lines of
parameters.
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PART 111: WAVEANALYZER

PARAMETER-VALUE CALCULATION AND DISPLAY

Whenyou are ot usirg persistence, the display for input chanrdls shoas the cptured wavdformaf asirge
swep. For ronsegrerted waveforns, the display is idertical to a singe amuisition But with segrerted
vavefarns, the resut of a sirgle aquisition for all segrerts is displayed.

The value displayed for a chosen paraeter depends onwhether “stetistics” is onar off. A nd onwhether the waveformis
segerted These two factars in adkdition to the parameter chosen citermire whether results are provided for asirgle aquisition
(trigeer) or multiple amuisitiors. Ineither case, only the waveform section between the paraneter aursars is used

If thewaveformsoure is amenory (M1, M2, M3, ar M4) then lceding a revwavefarminto menory adts s a trigger and
swep. T his also gpplies whenthe waveformsoure is azoomdf anirput dhanrd, and whena rewsegrert o the “All Segrents”
meruis sdeded

With “statistics” off, the paraeter results for the last acquisition are displayed. T his corresponcs to results for the last segrert for
seyrerted waveformrs with al segvents displayed For zoomtraaes of segrented waveformrs, sdediondf an individlel segvert gives
the pararreter valLe for the displayed partion of the segrrent between the pararreter aursars. Sdedionaf “All Segrents” provices
the parareter results fromthe last segrert inthe trae

With “statistics” on, and where the pararreter doss t Lse two waveforns incaadatirg a resut (Ady, A4t@ Iv), resuts are shoan
for dll auisitiors sinethe CL E AR SWE E PS buttonwes last pressed. If the pararreter uses two waveformrs, the result of
anparirg orly the last segert per sweep for each waveform aortribuies to the statistics.

The statistics for the sdleded segrent are displayed for zoomtraes of segrerted waveformrs. Sdetiondf arewsggrert or “All
Seyrats” ads as a rewswe ard the parameter cladations for the rew segent(s) aortribute to the statistics.

Deperding onthe paradter, sirge or multiple caladatiors can be perforned for each agyuisition For exanple, the period
paraeter caladates a period valLe for each of Lp tothefirst 50 gydes inanamuisition When multiple cladatiors are
performed, with “Statistics” Offthe pararreter result shons the average vale of  these caladatiors. Wheress O displays the
averag, low high, and sigmavalus of dl the cAladatiors.
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CHAPTER THIRTEEN:

Parameters

InFigure 1.3, bow the upper trace shoas the persistence display of asignal. The initial suggestionis of frequercy drift inthe
signal souree. The loner traee shows a histagramdf the frequency as messured by the asdlllcsaope.
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This histayram indicates two frequency distributions with dominent frequendes separated by 4000 Hz. There are two distint ad
rormal lodking distributions, without wick variation, withineach of the twa We can conduck thet there are two domirnernt
frequendes. If the pradlemwere rdated to frequency drift, the distributionwould have a tenderoy to be broader, nonrormd in
gopearane, ard rormrelly there would not be two diistingt distributiors.

After abrief vistal aralysis, the messurement aursors and stetistical pararreters can be used to deternrire additional dharadteristics
of distribution, induding the nost conmon frequerty in each diistribution and the spread of each distribution
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WAVEANALYZER

Figure 1.4, below shons the use of the messuremart aursar (Item £7), to citermrire the frequency represerted by are bindf the

distribution Thevalue of the bin irsice the Displayed Trae Fidd is indicated by /7.
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CHAPTER THIRTEEN: Parameters

Figure 1.5, below shons the tse of the paraeter aursars (Ites /7 and /7) in dtermining the average frequercy o the
distribution located betweenthe aursors. The average valle of the messurarents inthe right-hand distribution is indicated by /7.
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WAVEANALYZER

Firglly, Figure 1.6 shoas the use of the messureernt aursars (Itens /7 ard ) in determinirg the difference in frequarnty betveen

ahininthe arter of each distribution Thevae inkHz, inthe Displayed Traee Fidd, is indicated by /7.
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CHAPTER THIRTEEN: Parameters

Parameter Math

LeCroy's WaveAnalyzer option also gives you the ability to perform arithmetic operations (addition,
subtraction, multiplication, division) on the results of two parameter measurements. By customizing parameters
in this way, you can effectively extend the range of parameter measurements based on your particular needs.

For example, suppose you need to measure the crest factor of a waveform. Traditionally, you would select the
peak-to-peak and rms parameters, then manually compute the ratio of peak-to-peak to rms. Figure 1.7, on the
other hand, shows how parameter math was used to configure crest factor as a calculated parameter. The list of
custom parameters comprises 5 calculated parameters labeled calcl through calcb.

CHARGE PRRA™

—iatenor—

OI=kE-5td
D1ZK-Local
OI=F-FRFL

e

WOFE calcl

Figure 1.7. Calalated parareters dlowthe aegtiondf astompararreters. Here calcl s set Up to messure arest factor (pek-to-
pesk/ rrs).

Selecting the calculated parameter calclfrom the "measure” parameter menu allows you to set it up, as shown
in Figure 1.8. Here the parameters, source waveforms, and arithmetic operator can be selected. The calcl
parameter has been set up to display the ratio of peak-to-peak to rms for channel 2. This is shown in the
"calcl" summary box under the grid.
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PART 111: WAVEANALYZER
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Figure 1.8. Definirg Calcl to Reed the Crest Fadtor of Charrel 2

The five calculated parameters compute new parameters based on any two parameters operating on any
combination of the acquisition channels or math/ zoom traces. The source parameters do not have to be
displayed.

Figure 1.9 is an example of setting up a direct measurement of the modulation index of an FM signal. Phase
modulation has been performed using the JitterTrack™ of time interval error (TIE) of the input signal from
channel 2. Differentiation and rescaling convert the TIE function into the demodulated FM signal. The TIE
function is multiplied by the carrier frequency of 400 MHz. This results in a display of frequency deviation
versus time. Because the ratio of 1/, the peak-to-peak frequency deviation is required for the FM modulation
index, TIE must also be divided by 2. All this is done in Trace D, using the rescale function to multiply by 2*E#8
(400 MHz/ 2). In general, all additive or multiplicative constant operations in the calculated parameters require
the rescale function. (In this example the rescale operation was required anyway.)

Figure 1.10 shows the setup of calculated parameter calc5 to read the FM modulation index by taking 1/, the
peak-to-peak frequency deviation divided by the modulation frequency. Both parameters are derived from
trace D.
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CHAPTER THIRTEEN: Parameters
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PART 111: WAVEANALYZER

LOGARITHMIC PARAMETERS

The Parameter Math option prevents multiplication and division of parameters that return logarithmic values.
These parameters are as follows:

* auto-correlation signal-to-noise ratio (ACSN)
 narrow-band power (NBPW)

« media signal-to-noise ratio (MSNR)

« residual signal-to-noise ratio (RSNR)

* top-to-base ratio when the units are in dB (TBR)

EXCLUDED PARAMETERS

Parameters that are already the result of parameter math operations are excluded, and will not appear in the
parameter menu. If they are included in a remote control setup command, an error message is generated and
the setup canceled.

 Excluded parameters are as follows:

* beginning edge shift (BES)

* beginning edge shift — list (BES)

* beginning edge shift sigma (BESS)

* beginning edge shift sigma — list (BESS)
* delta clock-to-data near (DC2D)

* delta clock-to-data next (DC2DPOS)
* delta clock-to-data previous (DC2DNEG)
* delta delay (DDLY)

« delta pit-to-clock (DP2C)

« delta pit-to-clock — list (DP2C)

« delta pit-to-clock sigma (DP2CS)

* delta pit-to-clock sigma — list (DP2CS)
* deltatime at level (DTLEV)

« end edge shift (EES)

« end edge shift - list (EES)

« end edge shift sigma (EESS)

« end edge shift sigma — list (EESS)

* phase (PHASE)

« resolution (RES)

 apparent power (APWR)

e mTnTmT shift (BEES)

e mTnTmT shift sigma (BEESS)

e mTnTmT shift sigma - list (BEESS)
 power factor (PF)

« real power (RPWR)
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CHAPTER THIRTEEN: Parameters

TO SET UP PARAMETER MATH

o~ 0w DN

© © N o

11.

12.

Press MEASURE TOOLS.

Press the button for "Parameters." The MEASURE menu panel appears.

From the "mode" menu, select Custom.

Press the button for "Change Parameters.” The CHANGE PARAM menu panel appears.

From the "On line" menu, select the line (1through 5) below the grid on which you want to show the
calculation result.

From the "Category" menu, select All.
From the "measure” menu select, calcx (calclthrough calc5).
Press the button for "More Calcx Setup." The SETUP CALCx menu panel appears.

If the current calc parameter is already defined and you want to redefine it, press the button for "CLEAR
THIS PARAMETER."

From the "Operation” menu, select an arithmetic operator (+, -, *, /).

To set the first parameter in the equation, select Param1 from the "Select" menu. Then choose a
parameter from the "Parameter” menu.

Set the second parameter in the equation by selecting Parm2 from the "Select” menu. Then choose a
parameter from the "Parameter” menu.

W
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