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SECTION 5.0

DYNAMIC SIGNAL ANALYZER (VNA)

Background

In SigLab software releases prior to v3.0, the typical software application for time histories,
spectrum or transfer function and coherence measurementsagersaandvna

respectively. With the release of SigLab v&8a has evolved to include all of the
measurement applications one would expect in a dynamic signal analyzer. In combination
with virtual function generatowfg, this dynamic signal analyzer (still referred tovag) is
optimized for the following multi-channel measurements on up to 16 channels:

time histories

power spectrum

transfer function
coherence

Cross spectrum

cross and auto correlation
impulse response

FFT

vna Measurements

vhaperforms the following measurements:

Time Histories

his is the most basic measurement made by Sig
Thevna makes an excellent “digital” oscilloscope
with features such as pre- and post-triggering, a

variety of display options, including Lissajous
(Orbit) plots, and long record capture
(vcap.

Power Spectrum

With 90 dB guaranteed spurious free dynamic rg
SigLab excels at spectrum analysis. The

vha software supports 12 different y-axis unit
selections (dB, rms, rms/Hz etc.) plus optional si

or double integration and differentiation.

DSP Technology Inc. SigLab User Guide
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vha Measurements Section 5.0 Dynamic Signal Analyzer

Transfer Function

vhais optimized to make transfer function
measurements quickly and accurately. You car
choose to have the excitation to the device ung
test (DUT) be automatically optimized. Feature
such as automatic rejection of overloaded data
and manual data reject are useful for modal
impact testing.

Coherence

Coherence is displayed as a guide to the qualit
the transfer function measurement. Coherence
measures the power from the DUT channel tha
caused by the power in the excitation to the DU
Both coherence and transfer function are
displayed simultaneously and in “real-time”.

Cross Spectrum

The cross spectrum is used to measure compl
power (e.g. volts*amps). When a noise intensit
probe is connected to SigLab, the cross spectr
can be used to make acoustic intensity
measurements.

Cross Correlation

Cross correlation is an indicator of the amount
similarity between two signals shifted in time. I
often used to estimate transmission path time
delays. It is sometimes used for acoustic
measurements to determine the relationship
between vibration of a structure (acceleromete
and sound that is produced by the vibration
(microphone).
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Section 5.0 Dynamic Signal Analyzer vna Measurements

Auto Correlation

Auto correlation is a measure of the similarity
between a signal and a shifted version of itself.
It is very good at extracting periodic waveforms
from a noisy environment. It is often used in
acoustics for echo measurements and in the
development of active noise suppression syste

Impulse Response

The impulse response is computed by taking th
inverse Fourier transform of the transfer functig

FFT

The FFT of a signal may be viewed in real-time
Since it is a complex quantity, the real, imagina
or magnitude may be selected for display. The
imaginary vs. the real may also be plotted.

DSP Technology Inc. SigLab User Guide 5-3
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vha Overview Section 5.0 Dynamic Signal Analyzer

vha Overview

Measurement Setup Window

Thevnaapplication consists of two main windows, the “setup” window and the “plot”

window. The setup window controls all of the data acquisition parameters and many of the
processing parameters. The setup window contains four control groups and a menu bar. The
control group in the lower right quadrant will either control Triggering or Excitation
parameters, depending on the selected Excitation mode.

+ yna: e:\sigd2betaldiynardef. . FEE
Menu bar e File  Eucitation “Wig MC Setup Help

Channel setup

Frequency range nput Offzet Hecord Length
0.000 864 R12 8132

Channel Label
Channel 1
EU O |[1  o0dBlf dF=25.000Hz.

Zoom OFf

Processing

Triggering
or Stop at Count m Output RMS
o P 0 I 25
Excitation 2 -

4 4

Output Offzet

-10 | 0.000 10

4 4

Figure 5-1 Measurement Setup Window
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Section 5.0 Dynamic Signal Analyzer Plot Window

Plot Window

The plot window is resizable and contains:

one or two axis in which measurement results are plotted

cursor controls and readouts

controls to define the type of measurement

controls to define the measurement units

menus for setup, display format, storage, and cross channel function selection

Measurement function controls
Full path and file name

cursor Menu bar
Upper axis
|« _vna: [plot)_c:\sig32betaO#\vnatdefaultvna -~/ _ FAFA

Setup VAQ Setup  Cross Channel  Display  Prewiew  File Staoragz Modal

v | :
I
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Lower axis

Figure 5-2 Plot Window
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Setup Window Details Section 5.0 Pnamic Signal Anbyzer

DUT Connection

This guide will include numerouseasurement examples using the acoustic tube supplied
with SigLab. Unless otherwise stated, it will be connected as described in the Device Under
Test Section 4.).

Starting vna

You may gartvnawith eitherSigDemo (See Section)by typingvnain the MATLAB®
command window. Whewnais typed at the MTLAB prompt, the application loads with the
setup conditions stored in thefault.vnafile. Windows similar to the previous Measoment
Setup and Measurement Plotting windows will appear.

LANOTE

Thevnaapplication uses both the input and outpusgstems of Sigeab and will not
start if any other application (with thexeeption of tle vfg) is active. Other applications
must be terminated favnato run.See Common Ground, Application Conflicts.

Setup Window Details

First, the Menu Bar Selections atescrbed below. Tien the operation of each of the control
groups is explained.

Excitation Menu

The SigLabhardware contains aeiible, high qually, output subystem that nay be used as
excitation of the DUT for avariety of measumnents. When thgna application is invoked, it
takes control of this output sgystem.

vha can makemany measurements including transfer function and coherence. Whenahe
is used to make transfer function measurements, the outmyster is often used to

provide the ecitation enegy to the DUT either direbty, orby driving a pwer amplifier and
shaker. It can be a chalige, epecialy to new users, to prodgrset up thexitation sigal
parameters with the analg window andriggering parameters. To simplithis setup
processyna provides e “Linked” mode where thexeitation signal parameters are linked to
the measument paraeters.

NOTE
While in this linked mode, the Sigb output channel one cannot be contratigthe
function generatonvfg) application.

5-6 DSP TechnologInc. SigLab User Guide
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Section 5.0 Dynamic Signal Analyzer

Setup Window Details

When in linked mode, output channel one is controlled with the controls shown in the
EXCITATION control group. Note also that the FFT analysis window popup is missing in
the PROCESSING controls group because the analysis window is selected automatically

when in linked mode.

Excitation “Linked”

Input Dffzet Record Length
| 0.000 864 R1Z2 8192

Channel Label
Channel 1

Euoif 1 oa)f oF-25 000H=

OvidRej = OFf
.

sl

Excitation “Independent”

Record Length
R12 8192

Channel Label
Channel 1

Stop at Count
20

OvidRej = OFf
o

The “independent” mode is used for virtually all other measurement conditions. When you
select this mode, the function generatdg) application has control of output channel one,
and the TRIGGERING control group appears. You also now have control over the FFT

analysis window as seen in the PROCESSING control group (above right).

DSP Technology Inc. SigLab User Guide 5-7
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Setup Window Details Section 5.0 Dynamic Signal Analyzer

vfg Menu
When you select this menu pick, tfg will open or, if

vig is already open, the focus will be transferred to the Excitation Wfg MCSetup  Help

vfg window. Open Chil+0
Save Chrl+5
Save As Chrl+2s,
Sawe to Default Ctel+[r
E wpart

Save bz to ME'scope BLE File  Crl+kd

File Menu Fririt to Clipboard Chrl+F
) ] ) Motes Chel+H

The file menu contains the submenus shown to the rig
The first four submenus pertain to common file Heap Clrl#/
operations. Power Dowrn [Standby) Chrl+
CIuit/E wit Ctrl+2

All vnafiles end withvna.as Open File
the extension. These files
contain both measurement

Look jn: 4 My_prict

setup state and measurement defsngl] = gfsﬂ-"”:é EE]] =
results. meT.wna g ikl vl [F]
_ melevnal ) pigl vals (61
Selecting théOpensubmenu ugl vna 7] Siglab |
opens the Open File dialog as :
shown. Selecting a file from = Disk1_volk [H:]
the list causes the following = Disk1_vol? [I: hd
four actions:
Filz narne: I Dpen I
1. Reposition the setup and SRR =l
plot display windows to lesof ype: s Cancel |

coordinates stored in the
file.

2. Set the measurement and plot controls to those parameters stored in the file.
3. Load and plot the measurement data stored in the file.
4. Update the path and filename in the setup and plot window title bars

The full path and file name of the file that is currently open is shown in the plot-window title
bar. Selecting th8avesubmenu causes the control state and measurement results to be saved
to the file that is currently open.

5-8 DSP Technology Inc. SigLab User Guide
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Section 5.0 Pnamic Signal Ankyzer Setup Window Details

LANOTE

The measurement functions to be stored are deterrbyntg setting in the plot window
File Storage dialog. (See File Storage Dialog)

The SaveAghoice opens a modal diglthat is similar to th&ile Opendialog previouly
described. You can entenaw file name and/oselect anew path If a file is picked from
the list, it will be overwritten with the new control state and measurement informiaten.
highly recommended thgou sae vnafiles with thevnaextensionlf you spediy only the
file name, thesna extension will automaticht be asgyned.

Whenvnais invoked with no input arguments, it loads the setup stored gtefaalt.vnéfile
from the\siglab\vnadirectay. When you choae theSave to Defaultnenu pick, this file will
be overwritten with the current measurement setup statmeasuurement data.

The Exportselection is covered in thank to Excel section of themanual(Section 4) This
allows SigLab measurements to xperted to Kcel for post-processg orpresentation in
that environment.

The SaveAs to ME'scoplection invokes the MEtope file conversion Utily which
facilitates moving BjLab measuments to the ME’scope alysis packagéSection 7.0).

ThePrint to Clipboardmenu makes a py of the Setup Window and places it in the
clipboard. An alternative method to do this is to
use the alt-print screereys. # vna noles

. . Y'au may enter vaur notes here. Filez will contain a vectar
It is oftendesirable to attach a note about test | called Criprssd_Maotes of type "char.
conditions to a measurement filehélNotes .

. . 'ou can copy notes fram here to the clipboard by
submenu activates a modal d@|bOX for note highlighting the text and then doing a cntrl-c.

entry. o ] i
Similarly, a cntrl-w will paste the contents of the clipboard
into thiz figld,

The notes box is shown to the rigtityou saved

our file bebre addha an notes, simby add Thiz text object will zcroll 20, a generouz amaount of notes
y g ay h/ may be added.

your notes and re-sa the file.

Cloze Maotes

Highlighting, copying, pastirg, and scrollig are
supported within the notes text box.

Thevcapmenu invokes the long record capture software. With this ayxdaplication,
long data reards carbe captured to SigLab memyoor tohard disk for subseggnt anéysis.
See thercaptutorial inSection 2.0dr details.

ThePower Down(Standby menu selection is used to marnyakduce lhe power
consumption when measunents are nabeing made. fie power is reapplied to the aogl
and signaprocesang hardware Wen this menu is selected again (the check mark will
disappearpr when ameasurement is started ngithelnstor Avgbuttons.

DSP TechnologlInc. SigLab User Guide 5-9
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Setup Window Details Section 5.0 Dynamic Signal Analyzer

dNote

It is prudent to reapply power at leastl0 seconds before a measurement is to be made to
allow the analog circuitry to stabilize. This is especially important if you are using
accelerometers powered by the internal accelerometer bias source since long time
constants are always involved.

The Quit/Exit menu simply closes thena application. If the setup file was not the
default.vndfile and measurement parameters were changed, the user will be prompted to
save the changes.

Channel Setup Controls

The channel setup group of controls allows the user to set parameters that are unique to each
channel in the system. For instance, the full-scale voltage and input offset may be set to a
different value for each channel.

CHANNEL SETUP Enable

Select

[em =]l Full Scale (V)

Chil
2.0V = DC Offset
10.0%

Coupling
DC ~|

?g Channel Label
0,63V Channel 1

i [ [ s ol Eng. Unit Label
e EUOnf[1 _0dB|

20mY

0dB Value
Eng. Unit Value

Eng. Unit On/Off
Figure 5-3 Channel Setup Control

Select

The Selectpopup contains the list of input channels present in the SigLab system. When you
select a channel, the remaining objects display the setup states for the selected channel.

Enable

You activate or deactivate the selected channel witEtiadlebutton. When you activate a
channel, a green “LED” indicates that the channel is enabled and measurement data will be
acquired by this channel when tmst or Avgbutton is pushed in the Plot Window. When

5-10 DSP Technology Inc. SigLab User Guide
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Section 5.0 Dynamic Signal Analyzer Setup Window Details

you deactivate the selected channel, the LED turns red. Typically, you should enable only
the channels on which measurements will be madendnchannel one is always enabled
and cannot be disabled.

Full Scale

The channeFull Scalevoltage popup allows you to select from 20 mV full scale to 10 volts
full scale for each channel. Given the measurement dynamic range of the SigLab hardware,
you need not try to use a significant fraction of the full-scale range. If the input signal does
exceed the full-scale range, overload detectors will report this condition to the operator in
two ways. First, the red Input Overload indicator on the SigLab hardware will illuminate.
Secondly, if the overloaded channel is enabled, the Channel Status indicator in the plot
window will change from green to red.

Coupling

You use theCouplingpopup to select betwe&€ or DC input coupling. If the bias source

option has been installed, tB&as option is also visible. When you sel&ias, an ICP

compatible 4mA source is activated to power ICP-style transdlljcers. See the ICP Bias |Option
section for more information.

DC Offset

The DC Offsetcontrol is only relevant and only visible when DC coupling has been selected.
Current SigLab hardware allows a + 8 volt offset range for the 10 and 5-volt full-scale input
ranges, and a * 2.5 volt offset range for the full-scale ranges equal to and less than 2.5 volts.

Labels

You can enter a 14-character custom label for each input channeLiabiblsfield. This
information is used in thena plot window for graph labeling.

Engineering Unit On/Off

TheEngineering Unit On/Ofbutton controls whether or not engineering units are factored

into the measurements. The natural unit for the system is volts. However, more often than not
transducers are used to convert a physical quantity (acceleration, force, velocity, etc.) into a
voltage for measurement by SigLab. Engineering units are used to account for the transducer
unit conversion and scaling properties such that the measured quantities will be interpreted as
acceleration, velocity etc.

Engineering Unit Value

The Engineering Unit Valudeld is visible when you sele&ngineering Units OnYou

enter the specific conversion factor here. The entryusits per volt.Transducers may be
calibrated in units per volt or volts per unit. For example, an accelerometer might have a
conversion factor of 25mV/g . In this case the entry in the field would be 1/(25mV/qg)
yielding 40 g/volt. Simply type 1/0.025 (Enter) in the field to invert the conversion factor.

DSP Technology Inc. SigLab User Guide 5-11
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Setup Window Details Section 5.0 Dynamic Signal Analyzer

The Engineering Unit Label fieldisplays five characters, but more can be used if desired.
Generally, a one or two character label will suffice.

Zero dB Reference

The decibel display format plots the relationship between two quantities. Typically, the
guantities are related to power.

It is calculated bydB = 10* [og(%). Since power is proportional to the square of voltage,
0

2
decibels can also be expressedd#s= 10* log( % ) = 20* log( \%) where the voltages are
0 0

expressed as root-mean-square values. lItis clear from both of these equatidBs-that
whenPB = RorV, =V, .

ThereforeP,, orV,, may be considered asference levelsFor instance if we are talking in
terms of dBm (dB milliwatts) we are saying thgt= 0.001 watt. If we are talking of

dBVrms or dBV for short (decibels with respect to 1 volt rms), we are saying that
V, =1Vrms.

The point is thathe reference level must be specitiedfiore the dB measurement is
meaningful. The normal default reference is 1.0 and if engineering units are not being used,
this means that 0 dB is 1 Vrms.

TheO dB Referencgeld allowsyouto specify the zero dB autospectrum reference level in
Vrms (or EUrms) for each channel to be different from the default of 1. So, if you want to
have your O dB level be 10 Vrms, you just enter 10 in the 0dB field. If you want it to be
0.1Vrms, you would enter 0.1. Then, if you measure a 0.1Vrms signal (e.g. a sine wave, with
amplitude correction on!) it would read out at 0 dB. If you measure 1Vrms signal, it would
read +20 dB since the reference is 0.1Vrms.

Sometimes you would like to take a measurement that is being displayed in dB and force a
specific point on the measurement curve to displayed as 0 dB. For example, assume that you
measure a spectral peak with the cursor and it is at -13.9788 dB Vrms at 1000 Hz. Then,
assume that you want to have this peak be at “0 dB”. Making this point O dB allows you to
calibrate the graph to easily make measurements of pdladss with respect to this ane

To make this peak read out 0dB, the entry to the 0 dB field would be:

dBref =10 2= 0.2 or in MATLAB notation: dBref=107((-13.9788)/20) = 0.200.

Therefore, for this example, 0.2Vrms would be the 0 dB value.
A shortcut function calledz (for “setzero”) is provided to make this easy. Simply type:

s2(-13.9788)

5-12 DSP Technology Inc. SigLab User Guide

04/25/99INS



Section 5.0 Dynamic Signal Analyzer Setup Window Details

into the zero dB field, and the sz function will return the proper vejue(.2 Vrms).

You could also just switch to the Vrms display mode, cursor the peak at 1000 Hz, and enter
this number (0.2 for this example) in the 0 dB field. Once the 0dB reference has been set to
0.2, the 1000 Hz peak will read 0dB and other measurement points will read out with their
dB values with respect to the 1000 Hz spectral component.

Taking this all one step further, microphones are often used with SigLab. Typically, the 0 dB
reference point is set at the threshold of hearing which is a sound pressure level of 2.0e-4
pwbar rms. Therefore, the 0dB field would be set to 2e-4 since the 0 dB ref works with either
Volts or Engineering Units.

Microphones are calibrated to produce a specified amount of voltage per pbar. Here is where
the Engineering Units (EUs) come in. Assume, for this example, the microphone produces 5
mV/ubar. To enter the appropriate Engineering Units the numeric entry would be 1/0.005 (
= 200) with an Engineering Unit Label of pbar.

The system will now read the sound pressure level in dB with 0 dB being 2e-4 pbar.

Next, assume a microphone calibrator is to be used to check the microphone calibration.
Assume the calibrator generates a Sound Pressure Level (SPL) of 114 dB. The sound
pressure level (L) is L =20*logl0(p/2e-4) therefore

p = 2e-4*(107(L/20)) = 100.2374 pbar = pstd.

Assume that when the calibrator is measured the cursor indicates an SPL of 113.25 dB. This
represents 0.75 dB error. To correct for this microphone calibration error, the engineering
unit must be recalculated. Note that we are putting our complete faith in the microphone
calibrator!

The measured sound pressure is:

pmeas= 2e-4*10"(113.25/20) = 91.9454 pbar and therefore the engineering unit must
be corrected by the ratio of pmeas to pstd.

The new engineering unit will then be 1/(5e-3*pmeas/pstd) = 218.0. Entering this number
will then provide the desired reading of 114 dB at the calibrator frequency.

To simplify this task, we have included aVLAB routine calleccalmic.mthat returns an
adjusted engineering unit. Typihglp calmicat the MATLAB prompt returns:

» help calmic
function calmic(nominal_cal_factor,dBmeasured,dBSPLref)

Inputs to calmic

nominal_cal_factor: An 1initial guess of the actual calibration
for the microphone, e.g. 200 micro-bars/volt.
This value comes with the microphone but it
doesn't have to be a close guess. This number
was used as the 7initial engineering unit factor.

DSP Technology Inc. SigLab User Guide 5-13
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Setup Window Details Section 5.0 Dynamic Signal Analyzer

dBmeasured: The measured level in dB using the
nominal_cal_factor. This number will probably
not be exactly what you are aiming for. You will
get this number by cursoring the waveform and
then reading out in dB.

dBSPLref: The level in dBSPL that is being
input to the microphone from a "known" source.

Returns:
adjusted_cal_factor: Use this number as your new engineering
unit factor.

For this examplealmicis used as follows:

» calmic(200,113.25,114)
ans =

218.0369

MC Setup Menu

When you select the MC Setup (Multi-Channel Setup) menu from the Setup or Plot
Windows, a new window opens. This window provides a view of the channel-related
information for all channels in a tabular view. The screen capture below shows the MC
Setup window, as it would appear for an 8-channel system. This method of entering and
viewing channel specific parameters is more convenient for dealing with many channels.

Channel Enable EU Scale
P — | Cf =
OndOFH Full 5cale Coupling Offset Label Eng Units Invert [ | 0O dB Vief
7 chi [s50v x|pc 7] 0 Channel 1 0.5 Nt Aol -] 1
v Ch2 [#5.0V¥ *||DC - 0 Channel 2 2 Gs Fa'l hd 1
¥ Ch3 [:25v ~|pc > 0 [ Channel 3 04 [ Gs (2L 1
¥ Ch4 [:25v ~|bc =] 0 | Channeld [ 0.25 Gs j:-:-: 1
¥ Chs [+25V - ||DC - 0 Channel 5 0.2 Gs i\ S 1
v ChE [+25%¥ ~|(DC - 0 Channel b 0.1 Gs m 1
v Ch7 |¥25Y *|(DC - 0 Channel 7 0.01 Gs m 1
v Chg [¥25V - ||DC - 0 Channel 8 0001 Gs m 1

Set ChZ2thuCh8=Ch?2 Multi-Channel PreView § Apply § Undo BSave A Cloze

Track Channel 2 Apply Settings

Figure 5-4 MC Channel Setup Control
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Section 5.0 Dynamic Signal Analyzer Setup Window Details

The purpose and operation of each control is the same as those previously discussed. The one
exception, Engineering Units, has a selectable scale factor of Volt, mV, etc. This scale
control is also used to turn Engineering Units on/off.

The “Invert” check box allows the entry of the Engineering Unit
conversion factors to be in terms of Volts/EU as shown to the right. EU Invert

By checking théset Ch 2 thru ...check box, you can automaticall Eng Units  Invert v
cause any changes made to channel 2 to be made to all channe 2 |vor ][ /Nt
beyond 2. 05 [vot || /Gs

Until the Apply pushbutton is pushed, the changes in the various-
entries will have no affect. THéndo button can be used to restore,
the initial state of the controistil the Apply pushbutton is pushed. 5  |Vot x|| /Gs
T 10 [vok =] /Gs
100 [vo ~| /Gs

1000 |Volt =~ fGs

2.5 Yolt - /Gs
4 Vot = /G=

The Multi-Channel PreVievbutton launches the multi-channel -
preview window.

The Save Adutton opens the Save As dialog box.

Frequency Controls

The Frequency Range Controls group sets the sampling parameters common to all channels.

BW Select FREQUENCY RNG
REQUENCY RNG
e - BW=5.0kHz ~|
A Bwo5 OKH = [Bw=1.0kHz <]
Anti Alias [Bwsix: | BW=20 0KHz _
Filters A& Filters On I BW=5 DKH= AA Filters On I
Record Length Bw=2.0KkHz Record Length
Record or . Bw=1.0KHz 64 | 4096
: . 512 8132 BW=500Hz il
Frame Size 4 3 Bw=200Hz l 4
BW=100Hz ;
Zoom OFF Zoom Off BW=50.0Hz : Zoom On
BW=20_0H= 1000 10000 19000
Bw=10.0Hz q >
E$=g-ggﬂz Fing:9000-11000
=L 2
Resolution dF=25.000Hz. oo 00

Freqg Range —/

Figure 5-5 Frequency Range Selection Control
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Analysis Bandwidth Selection

Since most of the measurements made with the Dynamic Signal Analyzer will be in the
frequency domain, thBW Selectiomopup menu shows a list of available analysis

bandwidth (BW) selections. The example above applies to the 20 kHz systems. The 50-21
system offers 13 selections between 5 Hz and 50 kHz.

LANOTE

SigLab’s sampling frequency is always given by: Fs = 2.56*BW.

Anti Alias Filters

The “AA Filters’ pushbutton allows you to turn the anti alias filters on/off for all but the
highest available bandwidth.

Bandwidth & Record Length

The selection of analysis B@hdRecord Length (or “Frame Size”) determines the ultimate
frequency resolution of the analysis:

dF = 2.56*BW/(Record_Length)= frequency resolution

The actual frequency resolution will be greater than this value when an FFT analysis window
is used (e.g., Hanning).

In Base BandZoom is off) analysis the maximum record length of 8192 points yields 3201
frequency domain analysis “lines”. The number of analysis lines N is related to the Record
Length by:

N = (Record_Length/2.56)+1

Zoom

Zoom or band translation allows you to focus the SigLab analysis power onto a specific
frequency range. This is very useful for studying closely spaced resonances or spectral
phenomenon with closely spaced side bands. B4thim on(upper right graphic), the
maximum record length is 4096 points. T@enter Fregslider allows you to set the Center
Frequency and the BW popup allows you to pick the analysis bandwidth. The frequency
range of the analysis will be the Center Frequency * the BW and is displayedringhe
lower — uppereadout.

Excitation Controls

The Excitation Controls group is only visible when the analyzer is operating in “linked
mode.” This “linked mode” is usually only used for estimating transfer function. When in
this mode, thena application takes control of output channel one and sets the output
excitation according to the selected input-channel parameters.
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Excitation Select

For optimum transfer function maasments, thexeitation should ecite the DUT over the
desired aaysis bamwidth but not bgond this frequeey range. The chrp and bad-limited
random are the most popular choices for accomplishing this taskse¥emt either the Chirp
or Random xcitation from tle Excitation Seleamnenu.

Output On/Off

Until a measurement is startbyg pushirg thelnstor Avgbuttons, excitation is Off as shown
by the Output On/Offpushbutton. This button mde toggled to th&©n sate to check the
excitation level to the DUT.

Excitation Select
As the Frequety Controls r
(described in therevious section)
are danged, the ecitation signal
is automaticdy adjusted to track
these chiages. This consider&b
simplifies transfer function
measurements siagou do not
need to be amemed about the
detailed parameters of the
excitation.

EXCITATION
Output On/Off

Output BM5

0 | 0.200
1

5 Output Level

+

Output OFffzet

-10 | 0000 10

1 4

dc Offset

Figure 56 Excitation Control

Whenyou want more control over the DUXa@tation parameters, (g, to measre
distortion, or time domain responsegu use tk vfg control the &citation as described in
the Excitation Menusection.

For more information on the measurement of transfer functionsepleter to the application
note:Estimating Transfer Functions with Sidhéncluded in the apperndi.

Output Level

TheOutput Leveklider sets the output drive level in volts ritighe proper drive level to the
DUT is not known, it is prudent to start with a small level. The peak lev&d&ndom can
easly be 4 times the rms settinig.is orly approximatty 1.414 times the rms level for the
Chirp selection.

Output Offset

A dc offset can be added to the outpugrsal with the Output Offseslider. This offset is
present regardless whether the output is on or off.
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Triggering Controls

SigLab offers full control over triggering parameters. These triggering controls only appear
when the excitation is set tbdependent

Trigger Mode
The triggeModepopup allows you to selection one of five triggering modes:

e Off (Free Run)no triggering. Acquisition and processing repeat on a record by record
basis. This mode is often used in spectrum analysis or while performing initial setup.

e Every Framewait for a trigger event for each input record. This mode is used for time-
domain analysis as well as estimating transfer functions for modal analysis by impact
testing.

o 1°Frame waits for a single trigger event, then subsequent acquisition is free-running.

e Manual Arm Will not detect a trigger event until them Buttonis pushed and th&rm
LED turns green (see graphic below). The trigger must be re-armed after each input
record.

e 1°“Manual Arm Will not detect a trigger event until tem Buttonis pushed and the
Arm LEDturns green (see graphic below). The trigger need only be armed once since,
after the first trigger event, the acquisition is free-running.

l,_MOde rThreshoI

\l,_ Source

Every Frame 'I A

OFf [Free Run
E'|:12 TRIGGER 1st Frame
Ch3 Manual Arm
Chd - 1st-Manual Arm
Chh -
Ché jcht =18z ~|
Ché Filter —_NoFilt {[] Pos Slope
Out2
[I:l3 Delay
Outd 100 [00 100 Delay
Ext a4 %
Outl ~|

TRIGGER
HoFilt
Arm LED

Arm Button ——>

Delay
-100 oo 100

Figure 5-7 Trigger Setup Control
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Trigger Source

The triggerSourcepopup selects the signal to be monitored for a trigger event. There are
three source categories to choose from:

1. input channels (Chl...ChN, analog)

2. output channels (Outl ... OutM, digital)

3. External (Ext, digital).

Input Channel as Trigger Source

When annput channels selected as the trigger source, Theeshold Slope andFilter

controls become relevant. Triggering from an analog signal can often be a frustrating task for
many users. One of the major sources of confusion is the selection of the proper trigger
threshold, particularly for uni-polar pulses like those from a modal impact hammer.

The trigger circuitry in SigLab has built in hysteresis to prevent false triggering on noisy
signals. The amount of this hysteresis is fixed at 9% of full scale, which also happens to be
exactly equal to the trigger threshold resolution.

Consider the example to

the right. Assume the - - - -
trigger level is set to 12 channel 1:Volts I
62% and the full-scale
range is 10 volts. This 10 -
puts the trigger level at
6.2 volts as indicated by
the top bold horizontal
line. For apositive slope
selection, the hysteresis
level is alway9% of

full scale lesghan the
threshold. This would be
at approximately 5.3
volts as shown by the
broken line. 04 -

Channel 1

trigger threshold

real (volts)

hysteresis level
for +slope

With a positive slope 05 0 05 1 15 2 25 3 35
selection, for a trigger sec. T
event to occur, the signal

must pass from below the hysteresis level up to or beyond the trigger threshold. Consider
these three examples:

1. Although the top (orange) pulse passes through the threshold with a positive slope, it was
not below the hysteresis level, therefore no trigger will be generated.

2. The middle (green) pulse passes from below the hysteresis level through the threshold,
and will generate a trigger event.
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3. The bottom (blue) curve passes through the hysteresis level, but fails to equal or exceed
the trigger threshold, therefore, no trigger event.

Note that the signal must return to below the hysteresis level if a subsequent trigger event is
to ever take place.

For anegative slopselection, the hysteresis levehisovethe trigger threshold by 9%. The
signal must come down through the hysteresis level and then pass below (or equal) the
trigger threshold for a trigger event to be generated. Again, note that until the signal passes
back up through the hysteresis level, another trigger cannot occur.

Output Channel as Trigger Source

An important feature of the SigLab output source is that it generates a digital trigger signal
for use by the input subsystem as the trigger source. This eliminasgtspghgethreshold, and

filter controls required to set up triggering on an analog signal. Whenever yvig tse

generate the DUT excitatio@utput Channeis, without question, the trigger source to

choose. A trigger pulse is generated for each repetition of the output waveform. Triggering is
therefore reliable and independent of all input channel and acquisition parameters.

External Trigger

Pin 2 of the 15-pin Digital I/O connector on the SigLab back panel is labeledtagrigger.

This pin is actually both input and an output. Wie&ternaltriggering is selected, Pin 2 is an
input. Note that in a multi-box configuration the master box (the one containing channel 1)
should be the only box with a connection-tab_trigger A trigger event is generated

whenever this line goes from a TTL “high” level to a TTL “low” level. Pin 15 of this

connector is system ground. The pin-out drawing of the connector is shown on the back panel
label. (See Section 3.0)

Whenexternaltriggering is not selected, thenb_triggerpin is a trigger output and therefore
should not be electrically driven or loadbg any external circuitry.

Filter Button
The Filter button has two states:

1. HfRej : the aa-filters are applied to the data before the trigger detector
2. NoFilt : the maximum hardware analysis bandwidth will be used for the trigger source

TheNoFilt selection uses the measurement data stream at the maximum analysis bandwidth
as the trigger source. This is the most common choice since the small duration transients that
are often the trigger events of interest, will not be filtered out by a low bandwidth setting. At
reduced bandwidth settings, the signal is more delayed from the trigger event because the
trigger does not pass through the anti-alias filtering chain. This is usually of no consequence
since you can usually adjust the pre/post trigger slider to compensate for this. The green LED
is shown for théNoFilt selection since this is the foolproof choice.
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TheHfRejselection uses the filtered and decimated data stream as the trigger source. For
baseband analysis, this means the trigger signal has gone through all the anti-alias filtering. If
zoom has been selected, the trigger circuit only looks at the real part of the trigger signal. The
correlation between the t=0 point on the time history graph and the trigger point on the
waveform will be the best when the filtered mode is selected. However, frequently this is not
an important consideration and the inability of the trigger to detect small transients (like
pulses from a modal impact) often results in inadequate triggering. The yellow LED next to
the button is provided as an operator warning.

Trigger Delay

Thetrigger delayslider allows one to observe up to one record length before the trigger
event (negative values) to one record length after the trigger event. The control is calibrated
in percent of record length. Typically a value of -5% to —15% is used to capture transients
such as modal force impacts.

Processing Controls

You use the Processing Control to setateraging modandaveraging parameterselect
theanalysis windowand specifyecord overlapandzero-paddingwhich is used for
correlation measurements.

Zero Padding

Avg Termination

PROCESSING

Window
Selection

Mo Reject
Owld Rej
Dblh Rej

Stop at Count
| 20 oo

Adaptive
Time

1
4

Boxcar
Hanming
FlatT op
Flat301
Flat201
Potter210
Potter310

Ho Overlap H I
50% Overlap BE“;LH::;L
Max Overlap Exact-Bl

BHarms61
. BHarnzb7
Exponential __ BHarris74
Decay BHams92
Box_Exp.1
Box_Exp.01
F20_Exp.1
F20_Exp.01
Uzer Modal

OvldRej = OFf

o Overlap -

Boxcar ;I

Overload Reject

Overlap
Range

Figure 5-8 Processing Control
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Averaging Modes

Thevnaapplication supports five averaging modes. The first four average frequency domain
data. This frequency domain averaging affects the auto and cross spectrum calculations. This
impacts all measurements except for time histories. The last averaging mode averages
successive time histories additively before transformation to the frequency domain.

The Add(itive)mode weights all measurement data equally. Averaging is automatically
terminated when the desired average count is met. The awgy&actually calculated

recursively as shown below. It is equivalent to a simple summation of the ¥pptashe

Y= (X (-1 Y,/ 23X

averaging process where theepresents the nth input to averaging process.

The Expon(ential)lmode weights old measurement data less than new measurement data. It is
a useful averaging mode when the statistics of the signal are slowly varying. The calculation
is:

Y, =((1-2)- X, +4-Y,,)

where lambda is the averaging parameter. When lambda is zero, there is no averaging. As it
approaches one, old data is weighted heavily and not easily “forgotten.” The time constant in
frames (or records) is given by:

Tframes = 1/ (l_ ﬂ’)

This represents the number of frames it would take for the averaged signal to decay to 1/e
(about 1/3) of its initial value after the signal is removed.

ThePeak (Hold)mode captures the maximum value and preserves it. It is normally used only
with spectrum analysis.

Y, = max( X, ..)

The Adaptivemode is a mixture of exponential and additive averaging. When the lambda
factor in exponential averaging is close to one, the startup convergence to the mean is very
slow because each new sample is multiplied by such a small number (one minus lambda).

Adaptive averaging addresses this by having good startup properties, like additive, while
maintaining the ability to track slowly varying signal statistics like exponential.
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R1
Y,=R- A -1-Y,,
h =R X+ (RH )Y,
1-2
1-2

R =

Timedomain averaging uses the same averaging algorithm as additive, but performed on the
time histories. A triggering mode is normally used with time averaging. Note that transfer
function coherence will be unity when time averaging is used.

Zero Padding

Zero padding is only required for ;
accurate measurement of Correlation Samaes Lo eee Lin fem e e
For example, the auto-correlation of .
sine wave of 1.0 Vrms is a cosine

function with 1 V2 rms peaks. Thisis
shown on the right in the upper axis.
A rectangular window was used. Not
the affect ozero paddings to wipe
out one half of the time history with
zeros.

Bk MO Gemp o Dhowned [Sosley  Presss Pl Sueap

The graph to the left shows the
same auto-correlation with the
exception thazero paddings
not on. Note the severe error in
the auto correlation function

where it exceeds 30Afms.
Thus,zero paddings required

for correlation measurements. To
avoid errors in all other
measurements, it must be
disabled.

Overload and Double Hit Reject

TheOverload and Double Hit Rejepbpup turns off and on any combination of the two
forms of Automatic Rejection available. Overload Rejection causes any data that is corrupted
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by input acquisition overloads (signal level exceeds full-scale range) to be excluded from the
averaged measurement data automatically. Double Hit Rejection will be explained further
below under the Plot window Modal Menu item. These features are most often used when
performing modal tests with impact hammers. They should be enabled only when required.
Automatic rejection of data can be confusing, particularly Overload as frames will be

rejected whenever an overload is detected on any channel whether or not that channel is
enabled.

Overlapped Processing

Theoverlap processingelection menu provides three choigeme 50% andmaximum

possible. At low analysis bandwidths, display updates can become very slow. Overlapped
processing addresses this by combining measurement data from previous frames with new
measurement data (time domain) to create a full frame. The 50% selection will use up to 50%
of the previous time history in the new frame, but no more. This can improve the time
required for a given level of measurement variance by almost 2:1. Overlap factors beyond
50% do not make a further improvement in the averaged results, but they do provide more
rapid display updates. Overlapped processing does not provide any benefit when triggering is
on or when bandwidths exceed approximately 1000 Hz.

Analysis Window Selection

SigLab provides a good selection of FFT analysis windows. These are useful in spectrum
analysis as well as for transfer function estimation. When you set the Excitation mode to
Independentyou have control over the analysis windows. When you set the Excitation mode
to Linked the window selection is made automatically: Boxcar for a chirp excitation,
Hanning for random. Although an exhaustive treatment of which window to select is beyond
the scope of this manual, a few common situations will be covered.

The window shape can be
viewed by selecting a time
history for display in the upper
axis and then clicking on '
Display - Analysis Windows as
shown on the right. The window
(Hanning in this case) is plottec
using the red markers. Changir
the window selection will not
update the plot of the window
until a new measurement is
made.

Cdmp MCEekp s Cheene ] Preves  Fin Sougs

A detailed tutorial on windows
can be found online at:

: gk T DT ! |
www.dspt.com/sig/frsttov.html =1 =1 T %i

Figure 5-9 FFT analysis window display
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The three first windows in the list (Boxcar, Hanning and Flattop) will satisfy the bulk of a
typical user’s needs. The last four windows in the list are intended for modal analysis.

Boxcar
The “boxcar” window is actually no window at all and is sometimes called the “rectangular”
window. It should be used when:

1. Analyzing transients that are entirely within the time record.

2. Signals components are exactly on spectral lines, leakage is not a problem

3. Any correlation measurements are being done.

Hanning
Hanning is probably the most general purpose of any of the analysis windows. It has good
leakage suppression and does not cost too much in the way of lost frequency resolution. For
analyzing signals with either random or periodic components, it is hard to beat. Use Hanning
when:

1. Periodic signal components not on spectral lines are present

2. Leakage is a problem

3. Random or band-limited random signals are analyzed.
When more frequency resolution is required you should use either Zoom processing, a longer
time record, or both.

Flattop

Windows, or lack thereof, will introduce an amplitude error if a sinusoid is not on a spectral
line. The Flattop window is expressly designed to minimize this amplitude error. Use the
FlatTop window when:

1. Maximum sinusoid amplitude accuracy is required
2. Frequency resolution is not an issue

Modal Windows

The Modal windows are:

1. Boxcar, Exponential 0.1

2. Boxcar, Exponential 0.01

3. Force 20%, Exponential 0.1

4. Force 20%, Exponential 0.01

5. User Modal

The first entry (Boxcar or Force) indicates the window that will be used on channel one,
which, is the reference channel. The Force 20% has a weight of unity for the first 20% of the
measurement record, and zero thereafter. It is important to setup the pre-trigger value such
that the force excitation lies within the force window. The exponential window is applied to

all the response channels (2 and up). The 0.1 indicates that the exponential has decayed to 0.1
at the end of the frame while the 0.01 has decayed to 0.01 at the end of the frame.

The User Modal again uses a Force window on channel 1 and an Exponential Window on all
response channels, but here the user sets the force percentage and exponential decay factor,
as described under the Plot window Modal menu item below.
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The plot below shows:

1. Force 20% window (red rectangle markers)

2. Impulse excitation (yellow trace with cursor cross on peak)

3. Exponential 0.01 response window (yellow diamond markers)
4. DUT response (green trace)

+ wna: [plot] g:\siglab\vna\default_vna

Setup MCSetup  Crogz Channel  Display  Prewview  File Storage

Channel 1 il Channel 2:\blts

D¥id:- N A000000
x| 1.094e-3

Plot Window Details

The plot window controls the measurement function selection, formatting, and display. It
may be resized and positioned anywhere on the desktop. The size and position are saved to
the measurement file. Normally the plot window is not minimized, but if it is, you can restore
it by selecting it from the operating system task bar. You identify it by the word “plot” as
shown below.

Plot Window Setup Window

TaSk Bar | nvna: [plat] g:"\s...l nvna: g:'\siglal:u'\...l
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Plot Window Menu Bar

Use theSetupor MC Setupselection to open or transfer focus to these windows, which were
described in the previous section. Th®ss ChannePreviewandFile Storageselections

open or transfer focus to windows that are described below. The Display selection opens a
dropdown menu that allows you to control the size and appearance of the plot window itself.

Activate Setup

Window
Activate MC Activate Preview
Setup Window Window

Setup MC Setup  Crozs Channel  Dizplay  Preview  File Storage

Cross Channel Menu

SigLab’s multi-channel measurements support uf; . .

to four reference channels for cross channel
functions such as transfer function and cross 12 3 4 5
spectrum. Clicking on th€ross Channemnenu refz1 V| | 7| | ]
opens theCross Channel Calculatiodialog shown | ref:2 FINC| T T T
to the right. The size and shape of this dialogis = ref:z3 | I5| | | ]
determined by the number of input channels pres ref:za | TN ML |
in any given hardware configuration. The number

of rows is equal to the number of channels in one Apple | Cancel |
SigLab box (2 for 50-21 & 20-22, 4 for 20-42). Th
number of columns is equal to the number of
channels up to a maximum of 16.

a7
AOORe

K A R
OO Ke

a

O X
= L
= L
=
D S
N O
Y D

You use theCross Channel Calculatiodialog to accomplishes three tasks:

1. Enabling of specific channels. The Cross Channel Calculation dialog is normally only
used only when multi-reference measurements are being made. Typically, you will use
the Setupwindow or theMC Setupwindow for enabling and disabling channels.
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3.

Selection of Channels 1 to 4 as reference channels for cross channel measurements. The
red borders around the check boxes on the main diagonal indicate that checking these
defines the channel corresponding to that row as the reference channel on that row.

Selection of which channels are response channels for each reference channel.

TheCross Channel Calculatiodialog box operates as follows:

Channel 1 is the primary (and most often used) reference channel. It is always enabled
and cannot be disabled.

There can be up to four reference channels. For multi-channel systems, the reference
channels must be one or all of the channels in the first SigLab module. In the above
example, channels 1 and 4 are designated as reference channels while 2 and 3 are not.

When a check box is checked, the channel corresponding to that column is enabled. The
above example shows channels 1-8 as enabled. Cross functions between responses 2
through 7 and reference channel 1 will be computed. Cross functions between responses
5 through 8 and reference channel 4 will be computed.

Until the Apply button is pressed, no changes will be made. Since this is a modal dialog
box, either theApply or theCancelbutton must be pressed to continue.

Display Menu

The Display Menus shown below. You use this menu to control the size and appearance of
the Plot Window as well as to select

some other options.

Preview  File Storage

Single/Dual wtimelvec— I * 5% al -
1 L3l brl+
. . -y(t) - - Ch Gz | Channal 6:Gs
The Single/Dualsubmenu specifies — - e Ct
whether you want one or two axes to bi[sensaiy o s B
visible in the plot Wind_ovy. IS_ingIeis B Py ey—————
selected, the lower axis is hidden and e CubP
the upper axis is expanded. If Dual is : BT
selected, both the upper and lower axeg N codePo CilB
are visible. Kill Taoltips Chrl+k.

1

Grids A5

04 1I000000 0 wy

i i i idli #:{ 0.011406
The grids menu pick turns axis gridline|[Sa av | o (=8 SELE0

on or off. The color and intensity of the

gridlines can be set using tiieolor (Section 4.0) application.
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Overlay Upper and Overlay Lower

The Overlay menu picks are analogous to software “grease pencils.” This feature allows
comparison of measurement results. When more than one measurement result is plotted on an
axis, the measurement to be overlaid must be selected by using the mouse to select the
respective measurement plot line with the cursor before doirgwesaymenu pick. For

example, measurement data stored in files can be compared to a new measurement by
opening the file, selecting the desired trace, selecting Overlay Upper or Overlay Lower from
the Display menu, and then performing the new measurement. Reselectihgtteymenu

toggles the overlay line visibility.

Analysis Windows

Use this selection to view a plot the seledd@alysis Windowvin the upper axis. Simply click
on theAnalysis Windowselection while there is a time history displaying in the upper axis.
The plot of the shape of the analysis windows being used will overlay the time histories.

+ wna: [plot] g:‘siglabimy_prictimel.vna !EE

Setup MCSetup Cross Channel  Display  Preview  File Storage

i wfer ch: 2 ref chil N ew
wxfer j £ Channel 2:G= M easu rement

chan zel ¥

Overlay of OI
Measurement

1000 20 3000 4000 5000
:{| 1900000 inear Hertz
2| 0951016
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The plot below shows:

1. Force 20% window (red reangle makers)

2. Impulse &citation {yellow trace with arsor cross on pé&a

3. Exponential 0.01 response winddyellow diamond médsers)
4. DUT response (green trace)

+ wna: [plot] g:‘ziglab\vna\default.¥na

Setup  MC Setup  Crozs Channel  Display  Prewview  File Storage

¥:time ~T||zec.

Channel 2:%aks

Ovd:-[I0000000 ‘11 094e-3
Cinst || Avg || cion | 1.394044

Print

You select thérint menu to open

the Hardcpy dialog shownight.

R ¢ Color i* Clip Board
You u_se_thls dialog box tp control W= 2= M  File
the printing of the Plot Window. S & e
. . . . athi/File
For information on this dialog, see

Section 4.0.
g

Default Size

You use this menu pick to restore the Plot Window to the default size. This can become
necessy because the Plot Window is resizable.
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Bode Plot

This menu pick invokes I
the Bode plot utility ind
shown right. For more
information, see the
manual section on the
Bode utility.

10°

[~
2 TN I ot C
[ = osx  <[fuoman ={fxier =]

Kill Tooltips

Tooltips are used to aid the first time user in ; o .
. . ¢ wna: [plot] g:\sziglab\my_prict\mc1.vna
navigating the GUI. For example, when you

Setup MC Setup  Crozz Channel Display  Preview F

place the mouse cursor near the popup labele
r1, the light box appears with the text
“Reference Channel Select.” If you wish to turtfyxfer | 40 channel 2:6=
off this behavior, click on thKill Tooltips dB =]

menu. They will, however, return the next time
vhais invoked.

w:hinear

chan zel
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File Storage Menu

Thevnaapplication can measure and compute up to nine different measurement functions. In
any one measurement, it is unlikely that you will need all nine functions. By clicking on the

File Storagemenu, you will open the File Storage modal .
dialog shown to the right. You may then select which of tt

nine possible functions are to be stored to the measurem & W aspec
file. W sfer W coh
I_ Czpec I- acar

If you check the1® selection on the lower right

(“displayed”),vna will store any functions that are currently e " impulse
being displayed on any axis even if they have not been i3 I displayed
explicitly chosen for storage.

Apply | Cancel I

You must then click oApplyto mark the data for storage.
The data will not actually be saved until you perforfile/Saveoperation.

When you perform &ile/Saveoperation with measurements being displayed that have not
been marked on the File Storage list and the “displayed” check box is not checked the
following warning will be issued:

4 SiglLab Warning |
“ou were dizplaying an it function.
This function is nat inthe current file storage list.

It wwas MOT saved ta the file or returned by & vna("get”,"meas"1call

for poszible use by another app.

The meazurement data still existz, and, by enabling the it function

with the File Ztarage menu, yvou can get the meazurement data to your file

oF application.

[

5-32 DSP Technology Inc. SigLab User Guide

04/25/99INS



Section 5.0 Dynamic Signal Analyzer Plot Window Details

Preview Menu

You click on thePreviewmenu to open thilulti-Channel Preview Windoas shown below.
This window gives you a simultaneous real-time view of up to 16 time histories, each on a
separate axis. This view is intended to provide a quick look at the signal integrity of each
channel. The y range of each axis is set to the corresponding full-scale setting of each
channel. Thus, you have a quick comparison of the signal level from each channel with
respect to its full-scale value. This window is resizable.

Inst, Avg and Stop menus
Thelnst, AvgandStopmenus work like the corresponding buttons invha Plot Window.

# Preview: Normal Display Mode _|O] x|
Ingt  Awg  Shop B N C Setup

Cuztom
Update

0. 0.02 0.0z

0. 0.02 0.0z

0. 0.02 0.0z

0. 0.02 0.0z

=11

Display Menu

TheDisplay Menuallows the user to select from a variety of axis organizations. The graphic
above shows the 4x2 format.

MC Setup Menu
Clicking on theMC Setupmenu transfers focus to the MC Setup window.

DSP Technology Inc. SigLab User Guide 5-33
04/25/99INSL3



Plot Window Details Section 5.0 Dynamic Signal Analyzer

Modal Menu

The Modal menu calls up the dialog box N~ ol

depicted at right. This dialog allows you to set : :

up the parameters that define Double Hit double hit amplitude 2 SN

Rejection and the “User Modal” window optioy ‘9euble hit delay = el

from the Processing Control Panel. [olcelaiiovis izl 20.0
exponential window decay X% 10.0

Double Hit rejection is a form of Automatic

rejection used only in impact hammer tests. Apply | _Cancel |

This feature is for the hammer tester who wants

to be certain he or she does not corrupt their data with an unintended second tap of the
hammer on the structure mid-frame. When this feature is enabled (from the Overload and
Double Hit Rejection popup on the Processing Control Panel), data frames will be discarded
and not included in the average when a “double hit” is detected on the Reference Channel
(i.e., channel 1), based on the values in the first two fields on the Modal Parameters Dialog.
A double hit is defined as a second peak in the channel 1 data, which has an amplitude equal
to or greater than the amplitude of the first peak timeddhble hit amplitude %.

Furthermore, this second peak must occur after the first peak by at least the

double hit delay % times the length of the frame. For example, suppose we have a frame
that is 100msec in length, with a first peak of 2 Volts occurring 5msec into the frame and the
Modal parameters is set as above. in order to qualify as a double hit, the second peak must
have an amplitude greater than or equal to 1 Volt and must occur at least 25msec into the
frame.

The third and fourth fields in the Modal Parameters Dialog determine the values used to
define the custom windows used with the User Modal selection from the Window popup on
the Processing Control Panel. When the User Modal window is selected, a force window will
be used on channel 1 which has a cutoff point equal timtbe window size in % For

example, if this value is set to 30%, then the first 30% of the frame on channel 1 will be
treated as if it had a boxcar window on it, while the last 70% will be fully attenuated down to
0. If a boxcar window is desired for the reference, set this value to 100%. Furthermore, when
the window selection is User Modal, an exponential window will be applied to all the
response channels, such that the window starts at t=0 at 100% and then exponentially decays
down to theexponential window decay %at the end of the frame. Similarly, here, if a

boxcar is desired on the response channels, set this value to 100%.

MIMO Menu

MIMO is the commonly accepted acronym for multi-input, multi-output systems. The
problem with doing transfer function analysis on a multiple input system, however, is how
does one determine which part of a given response is the result of input 1 and which part is
the result of input 2, and so forth. In the general case, this is extremely difficult, if not
impossible. However, there exists a class of MIMO system, where the multiple inputs are
being excited by uncorrelated sources, whereby it is possible to “unscrew” the different

5-34 DSP Technology Inc. SigLab User Guide

04/25/99INS



Section 5.0 Dynamic Signal Analyzer Plot Window Details

components from the respective inputs. This situation does not often arise in pure electrical
work, but does occur in structural applications and some control systems applications.

SigLab v3.1 addednulti-referencecross function calculations, which could be post-
processed by the savvy user to break out the contributions from multiple inputs, but we did
not provide these calculations for the user. Beginning with SigLab v3.2, these calculations
are now available to the user as a post-processing application (these calculations are far too
computationally expensive to be performed as part of a real-time data acquisition loop). This
capability is best demonstrated via an example of its use:

Consider a 4 mass, spring, damper mechanical “slinky” as a device under test (DUT).

Assume that the slinky is instrumented such that a force input can be applied to each mass,
and the position of each mass can be measured. This is a 4 input, 4 output system. There are
16 different transfer functions relating the outputs to the inputs. One can excite each input
(one at a time) and measure the transfer function between the 4 outputs and each input. This
requires the 4 channel transfer function measurement to be repeated 4 times ... once per
input. This method requires 5 analyzer input channels and one output channel.

An alternative approach is to excite all four inpsitaultaneously This requires 4

uncorrelated sources. The 4 responses from the DUT are measured along with the 4
excitations, therefore consuming 8 analyzer input channels and 4 analyzer output channels.
The configuration is shown below. The upper SigLab provides excitation to Force 1&2
inputs while measuring all four DUT inputs. The lower SigLab provides the excitation to
Force 3&4 while measuring all 4 DUT position outputs.

Force 1 Position 1
Force 2 Position 2
Force 3 Position 3
Force 4 Position 4
4in, 4 out, DUT
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+ wna: [plot] g:isziglabirabimimoim4i4o.¥na

Setup MC Setup  Crozs Channel  Dizplay  Preview  File Storage  Modal  MIMO
= sfer ch: 56,7 3 ref ch:3
xlinear =

2000 4000 R0 aa0a 10000

]
[~ v] E w linear Hertz
[ Mark | |

coh ch: 56,7 8 refch:3

Catput 25l

2000 R0

ovie [ 0000000 0 w linear Hertz
meraen PRl ]

The graphic above shows 4 (out of the 16) transfer function and coherence measurements
relating the 4 position outputs to input number 3. Notice that the transfer function estimates
are not “clean” and the coherence is poor. This is a result of not accounting for the excitation
signals present on other 3 inputs of the DUT. The other inputs (1,2 & 4) are adding
significant (albeit colored) noise to the measurement. One hundred averages were used to
compute this estimate.

However, if the measurement setup conditions are in a MIMO format (see below), the MIMO
menu item (last Menu on the Menu bar in Figure 2) will appear when the averaging process
is complete (this menu item is normally not visible). If the user clicks on this Menu item, the
computation will commence and the following bar indicator will appear to provide the user
feedback on the progress of the computation:

If the excitations and analysis parameters have been set up correctly (random noise matching
the analysis frequency range, Hanning window) the user’s patience will be rewarded with the
greatly improved transfer function estimates shown on the next page.
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+ wna: [plot] g:\siglabhrabiymimoim4ido_vna

Setup MC Setup  Crosz Channel  Display  Preview  File Storage Modal — FAIRD

x:linear =

y:xfer j

2000 4000 OO0 3000 10000

]
[~ v] E ¥ linear Hertz
[ Mark | |

coh ch: 56,7 8 ref ch:3

000 4000 G000 alJoo 10000

ovia 10000000 k clinear Hertz
e PO |

Setting Up a MIMO Measurement

First, you must connect the DUT to SigLab(s). Each input to the DUT should be connected to
a SigLab output channel and to a SigLab input channel . These connections should be made
so that the lowest channel numbers are used first. These DUT input channels are the
referencechannels of the measurement. Remember, only the channels in the first SigLab box
can be used as reference channels. Next, each DUT output should be connected to a SigLab
input channel. Thesesponsehannels must start with the first free SigLab input channel.

Since multiple uncorrelated input excitations are requiredntlependengéxcitation mode

must be selected from the excitation menu in vna. The function generator (vfg) can be used
to provide the control over the excitation signals. A continuous random or band-translated
random (if zoom is used) excitation should be generated for each DUT input (reference)
channel. The settings of bandwidth and center frequency (if zoom is used) in vfg must
match those used in vna if the MIMO calculations are to produce the desired result.

The settings in the vna cross channel computation matrix determine if a MIMO measurement
is to be made. For instance, the graphic on the left below shows the cross channel
computation setup for a 3 input, 5 output measurement. Note that rows ref:1 through ref.3 are
checked indicating there are three inputs. The response channels 4...8 are checked (5 DUT
outputs) and all cross functions are computed for the reference channels. In short, a full array
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of checks must exist for the measurement to be MIMO. If even 1 of the response/reference
pairs is left unchecked, the MIMO menu will not appear.

2 e Charral Caboabsine, B gin ol =]

1 F & & 5 & F 8 4 1071 1% 13 18 95 18 T2 A kS & T RPN OIE D IN IS 14
kA F|FFFRPFFFFEOOOCOOIOE rfdAFFFRERRPIPOCCOCCCRET
rf2 P PIFRFRPPERFRRFROOCCOOCC eFf F R FFEFPFPPRFPFFFFFEF
T TN - TT il ol il ol T EE N T TE =TT T ol ol ol ol ol ol ol
Fpftsk IC|IC| I OO0 CC 0|0 C )0 C ref:caF FFFEFFFPAROOCCCCrCrC

.-.-r.-pl l.-l Ayl | _|
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Measurement Examples

The remainder of the controls in tinea Plot Window is covered in the following typical
measurement examples. These examples will use the Acoustic Tube provided with SigLab as
the Device Under Test. You should follow along and duplicate these measurements to gain
familiarity with operating SigLab. Because these Acoustic Tubes exhibit considerable
variation from unit to unit, you should expect only coarse matches with the cross-channel
measurement results. For the examples of measurements involving more than 2 channels, a
multi-input multi-output DUT that isot suppliedwvith SigLab is used.

To follow along with the examples:

Start MATLAB

Usevip to set the preferred path to siglab\vna\vna_demo
Startvna

Connect the Acoustic Tube per the diagram in Section 4.0

PwpnPR

Unless otherwise noted, the Cross Channel Calculations will be set as follows:

1 2 3 4 &5
refz1 | W | T T
ref:2 | O] O] C] [
refz3 | O O] T T
refzy | T | C] [T}

mim

-
1 i

i
afnfe

Apply | Cancel |

Note that the measurement setup files and screen captures were done on a host PC with a
display resolution of 1024x768 pixels.
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Time Domain

Time domain measurements are the simplest type of measurement that SigLab makes. The
setup filegdl.vnaandtd1l.vfgwere used to create a burst chirp excitation to the DUT (upper
trace) and the response is shown on the lower trace. The acquisition and function generator
settings are shown in the setup windows below. You seftf¢heutputs toAll On and push
thelnstbutton in the plot window to make a new measurement. When you are done viewing
the measurement, push tB®pbutton.

W
1]
a
J

X units

I ¥:time I X d ata

x:real
x:mag
X iman

x:time | Y funC
yeylt) I

y.aspec
y:xfer
y:coh
y.cspec
y:acor
y.ccor
yimpulze o FHR TR
-Fft EmEmEm

ﬂﬂill‘..'ll
[

You use the¥ funcpopup to determine what
measurement function is to be displayed. In this
case, you selegty(t) to display the input time
history. You normally set the formatto thereal
part, since, there is no imaginary part unless zoongsk
being used. When you select the time history

¢ i A Ha Ll st A

et =l ga Jfcir o) sul

l:-ll'.II'H.l
Eo]) II' [ I:m:l
P
Hl Ll Lol l'.I e fue]
n [Goras [o e 1
W L] i [

B3 MO TN T

can select seconds, milliseconds, or mlcrosecond
from theX units menu

. . : X channel
When you wish to see a Lissajous or Orbit plot

format, choose thX axis datao bereal (or

imag/magfor zoomed data). When you do this, the e i i o re st
X axis unitgpopup is replaced with ataxis o
channelselector allowing you to select the channe -
whose time history is to become the x axis data. Tg
adjacent plot window shows that channel 1 is the
axis data andh 2has replacetime as the Xdata.

ATy

mom R

5-40 DSP Technology Inc. SigLab User Guide

04/25/99INS



Section 5.0 Dynamic Signal Analyzer Measurement Examples

Time histories are displayed as un-averaged measurements independent of whether you push
thelnst (Instantaneous) dkvg (Average) button to begin the measurement unless you have
specified otherwise. This is becadssgency domain averaging is the default choice.

Unless you explicitly chooseme domain averagingjink to processing/averageing) un-

averaged time histories will be displayed.

Spectrum Analysis

Spectrum analysis is a primary application of the Dynamic Signal Analyzer. The SigLab
hardware is optimized in terms of noise and distortion. It has excellent anti-alias filters which
are mandatory for high quality spectrum analysis. The screen capture below shows a typical
spectrum analysis. The setup files usedsafevnaandsal.vfg You set the upper axi$func
selector toy:aspec(aspedndicating auto-spectrum). You may then choose eitlieear or

log X axis format with theX lin/log control. TheX unitscontrol allows a selection of Hertz

or rpm (revolutions per minute) for rotating machinery measurements. For this example, you
should selectertz

You use the Yunitsmenu to select the desired display format. For this example, you should
selectdB (decibels). The zero-dB reference is set to 1-volt rms. Note that the zero dB value is
included in the channel annotation inside the axis (yellow text) since the value can be
independently set for each channel.

X lin/log
xlog |

yaspee ¥] Y func

X units

w:xfer

wcoh dB j

Y. CSpec _ ;

¥-acor dB /ri{Hz] Y units

S rms

yf;;l:pulse s

- rmzfrt[Hz)

mmz2fHz
mmsZzec/Hz
Log rms —
Log rms® o= [T TATTT]
Log rmsfrt[Hz)] [ tuvt Jf dwg [ ] FF:E=
Log rms*/Hz
Log rmz*sec/Hz
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The real-timeRMS levebf thesignal is
computed and displayed over the
displayed X axisange. If you change,
the X axis scaling this readout will
reflect the signal RMS level over the
new range you have selected.

When multiple channels are being
displayed on one axis, you cawitch

the RMS readoutby clicking on the
channel annotation text inside the axis.
This action also brings the respective
trace to the forefront and makes it muc E
easier to cursor the selected channel.

For this measurement, the boxcar window was used, so there is potentially considerable
spectral leakage. Notice that only one peak in the spectrum is apparent. However, you can
see from the function generator control panel that a two-tone signal is being generated and
the tones are spaced only 50 Hz apart. Here is where you can use SigLab’s hardware zoom to
obtain increased spectral resolution around a desired frequency.

By clicking on theZoom Offbutton, whichtoggles zoom onyou will change the analysis
resolution from 100 Hz to 2.5 Hz. This clearly shows the two signals (tones). Note that the
zoom parameters (center frequency and bandwidth) were savedailtirafile. Now,

when you change the Boxcar window to the Hanning window to reduce spectral leakage, you
also decrease the frequency resolution. You now see that the signal at 3550 Hz, which was
only one spectral line with the Boxcar window, is three spectral lines with the Hanning

window. [-1=]

. . =
You can change the upp¥ér Y. '”tegr"?‘“‘?“ &
axis scalgo cover from 10 differentiation E
to —100 dB (link to common

ground cursor) to
demonstrate the superb
linearity and noise qualities |EESIEETETE
of SigLab’s input and outpu
subsystems. - 4

When you use
accelerometers or velocity
transducers with SigLab,
Engineering Units become
extremely important in orde
to display measurements in
the units associated with the

omem PR
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transducer.

Beyond Engineering Units, the Dynamic Signal Analyzer offers a selection of integration and
differentiation for spectrum displays. The selection indicates that no operation is being
performed on the data. Thandi2 represent single and double integration whiledtlb@dd?
represent single and double differentiation. These operations are performed by dividing or
multiplying the spectrum data by the radian frequency (omega). They do not affect time
history results. With these options, you can make a measurement with an accelerometer and
display velocity or displacement.

You use thér Amplitude or Power correctiacontrol to correct for the measurement errors
introduced by the selected FFT analysis window. When you need the correct amplitude
readout for sinusoidal signals, select the amplitude corredNdnWhen you are measuring
power density, e.g., a non-periodic random signal, then use the power corrBttion “
provide consistent results independent of analysis window selection.

Y Amplitude or
Power Correction

An example of the application of this factor
is shown to the right. A bandlimited random
signal is generated (filga2.vfg and 5
initially analyzed (file 82.vng using the
Boxcar window and approximately 500

were overlaid using the trace overlay featL
and are shown in violet.

TEI
Note that both the Amplitude and Power w
selections provide the same measuremen
results using the Boxcar window since the -
Boxcar is actually no window.

. . i U DR [ L Bl
You can change the analysis window to  kskial Eele v |
FlatTop and repeat the measurement. NOt g 1=
that sidelobes on the noise are now visiblepmmsmrmrmmsmsmm;

' is signifi e M e
since the spectral leakage is significantly = o Ce

reduced. However, there is a significant e L

difference in the upper axis between the tv ﬁ W
traces in the mid-band frequencies of the o
noise.

v b B ARG LA Lt A D

When you select the Power correction faCifsmss
for the lower axis you can see that there is
. [ - Lid
virtually perfect agreement between the i
results. pute 3
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Transfer Function & Coherence (Linked Excitation)

Transfer function measurement is another SigLab strength. The easiest way to make this
measurement is to use SigLab’s internal source and leave the details of the setup to the
software. When this is not possible, you use Independent Excitation and perform the set up of
the excitation manually. This situation is covered in the following section -Transfer Function
(Independent Excitation).

For this example, (file xf_|1.vna) the dB format is again chosen. The zero dB reference level

for transfer functions is always one, and the measurement is not affected by the channel 0 dB
settings. These are used
exclusively for spectrum

analysis. Cross channel

Reference Selector

You select the transfer

function measurement by

changing they func Y Units
selector toy:xfer. When
you do this, the¥ units i =~

: : real
popup will contain the mag

selections shown to the imai
right. The transfer function

. log mag
measurement requires phase
averaging. When you push|phase u

Drawved [acdr Pavde Fsimes

thenst button while Py st
displaying the transfer s
function, a warning dialog =1 57

will appear. Exponential or
Adaptive averaging may be
selected with an appropriate
forgetting factor when
continuous display updates
are desired. Setting the
forgetting factor to zero (or
a small number) is
equivalent to no averaging.

The transfer function is
computed by taking the
cross-spectrum between the
reference and response channel and dividing it by the auto-spectrum of the reference channel.
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This leads to an unbiased measurement if the reference channel is relatively noise free. For
more information on transfer function measurements, see the application note entitled:

Estimating Transfer Functions with SigLab

The upper axis shows the transfer function estimate of an Acoustic Tube. Be advised that this
measurement will not agree in detail with that for any other Acoustic Tube because of

variation between tubes. The lower axis shows a snap shot of the input and output time
histories. The Cross Channel Reference Select popup indicates that channel 1 is the reference
(r1) for this measurement. Since

no other channels have been B Lo
selected as references in the '

Cross Channel Selection matrix
dialog, rl is the only entry in this

popup.

The screen capture to the right

measurement, but with a
different selection of display
options. By clicking on the X
axislinear/log popup, you can
select dog X axis. Then you can
use theY unitspopup to select

e ([T T T T
mag The upper plot now I E P
displays the magnitude of the

transfer function.

The lower plot displays the coherence function.. Coherence is an indication of that portion of
the response power that is due to the input excitation. It has a range of zero to one. The
coherence plot shows that the coherence is excellent at frequencies above about 300 Hz. At
low frequencies, it drops to a very small number since the response of the DUT is very small.
Whatever DUT output there is at low frequencies, it is not correlated with the DUT

excitation. The coherence is calculated by dividing the magnitude of the cross-spectrum
squared by the product of the reference and response autospectra. For the coherence
measurement to be valid, more than one average must be taken, otherwise the coherence will
be unity.

LANOTE

The coherence, when time domain averaging is used, is meaningless and will always be
unity.

The integration and differentiation options are also available with the transfer function

measurement. In this case, they are computed by multiplying the transfer function
1 -1 . ,
T T o Jo,~o
Jo @
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measurement by: for the i2 single / double integration and d? differentiation
operations.

Transfer Function (Independent Excitation, Func. Gen.)

When you want full control over excitation parameters, seledhttependenExcitation
mode and use the Function Generatfg)(application to set up the excitation parameters.

Here are some measurement setup suggestions:

1. Select the analysis bandwidth to cover only the region of interest, but no more.

2. Match the excitation bandwidth to the analysis bandwidth.

3. If a periodic signal is used (e.g., a user created arb, or chirp), match the spectral lines
of the excitation to the analysis spectral lines and use the Boxcar window.

4. If arandom signal is used, select an analysis window such as Hanning.

The example to the right illustrates points g e b B e
1,2 and 3 above (filed_ull.vnaand
xf_ull.vfg. The lower axis displays the
power spectrum of the DUT excitation
(yellow) and DUT response (green). The
excitation is being provided by an arbitrary il an E'B._J
output (filespecial.arh generated by the —

code in the filemy_arb.m. The output :
bandwidth is set to agree with the input .
analysis bandwidth (5000 Hz) and the inpt
frame size is set to agree with the output

arbitrary repord length (1024). This forces —— -] E%I

the excitation spectral lines to match the

analysis spectral lines. The excitation e smatasne w BEE I
spectrum is seen to be virtually flat, by Ml ek S TN | =

design. The resulting transfer function is Jro-amne rizomhe =l

plotted on the upper axis. W
= =
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Transfer Function & Coherence (Independent Excitation, Modal)

The most frequent use of the Independent Excitation mode will be acquiring transfer function
measurements for Modal Analysis. The Dynamic Signal Analyzer application has numerous
features that are very important for modal analysis measurements:

Multi channel setup

Multi channel previews

Automatic overload rejection

Manual frame rejection

Wide trigger processing bandwidth with “No Filt” setup option
Force and Response windows

Menu to Save data in ME’'Scope format

Auto incrementing file names

ONoOrLNE

Since measurements for Modal analysis often involve four or more channels, the multi-
channel setup and preview windows are especially valuable. Their operation has been
covered in previous sections of this manual.

Automatic overload rejection is another important feature for modal Impact testing. When
this option is active, an overload any channeWill cause the frame to be rejected from the
average. SigLab’s extremely high dynamic range allows you to set the full scale inputs on all
channels to be far greater than anticipated signal levels so that overloads should be a very
infrequent event.

Impact hammers with force transducers typically produce a uni-polar pulse. The following
points will insure reliable triggering and processing:

1. Set the force channel (usually channel 1) to a level that is about 2-3X the maximum
desired trigger pulse level.

2. Set the trigger level to be either 9% or 18% of full scale. Note that for a uni-polar pulse,
0% is never an appropriate choice.

3. Choose “No Filt” under the Trigger setup, which provides a full bandwidth data path for
the trigger circuitry.

4. Be certain that you know the polarity of the trigger pulse!

5. The Input Active light will be flashing when SigLab is waiting for a trigger event. When
the light goes to a steady on condition (visible at low bandwidths), the trigger has
occurred and the remainder of the frame is being acquired.

6. Set the pre-trigger between 0 and —10% so that the trigger event occurs well within the
first 20% of the frame.
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Manual Frame Reject

When a triggered acquisition is setup using an input channel as the trigger s&ege, a
Framebutton will appear in the Plot window once thegeraging) process has been started.

When this button is pushed, it rejects the current input frame from the averaged results. Some
analyzers have two buttons, one &orceptand the other foreject These analyzers require
you to click a button for each impact, which can be cumbersome.

With onerejectbutton,acceptis tacitly assumed and you only need hitR&g. Framewhen

the occasional hammer blow goes awry. The downside of this operator simplification is that
the last frame in an averaging sequence cannot be rejected. If you are troubled by this, simply
choose the non-stop averaging mode and manually terminate the averaging when the desired
average count is reached.

The following example cannot be carried out with the Acoustic Tube DUT since a single
input, 3 output system is required.

Force & Exponential

Overload Window Manual
Reject Reject
1
pce: A3 HLOSsup Hep - Trhp HL e h"l-' L
] 1 e ,:T :H y
L oC =l % Pl O =l =)
Liii; Hm"m fR— L i F 8 B YW & X R
o e — EEEEEEE
Chaa et Laberd Frmm 101 ::rrrrrrrr
e i rrrrrrr
1.1 - L = 11358 v |
[ T L] ik |5 72 3
whwa =||Heir =
= S L0 | | P O
T ORI | i ———
L y X v
= n
Demlan =8 _':'
& | = E
: i =
ral s [k HE S
} sl iAW i - [ Fesca BRI 1
thi |[mmy  =|jex = 7] =i FIF] (TG i
Chl Bl % gln-c HII n =] FE ] TS T EI 1
tha Janw e Tl ] =] T | Gr e =] 1
th% [tmey  =|lac = e & [ || i
Thi (miabw - | [y ] o= 7
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Multi-Channel g/lutltl—ChanneI
Preview etup
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In this example measurement, channel 1 is the (single) reference and channels 4,3,2 are the
response channels. You can see this from the Cross Channel calculation matrix in the above
screen capture. This example shows some of the measurement issues and features that we
have discussed.

The force and exponential response windows are selected and are plotted along with the 4
channels of time histories on the upper axis. The trigger threshold is set to %18 and a pre-
trigger delay of —5% puts the trigger event (channel 1 in yellow) in the center of the force
window. The manual reject button is visible in the Plot figure window. Automatic overload
rejection is enabled. Thdanual Reject Frameutton will appear when the following
conditions are selected:

1. Trigger Every Frame

2. An input channel is used as the trigger source
3. Averaging has been started

For information on file name and channel label conventions relevant to modal analysis,
review Section 7.

A Multi Reference Measurement

The Dynamic Signal Analysis software supports cross function calculations with up to 4
independent reference channélbannel 1 is always designated as a referenaad

channels 2,3 and@ay be designated as reference channels. To demonstrate a multi-
reference measurement scenario, two multi-output DUTs were connected as shown in the
highly simplified block diagram below. The excitation to DUTL1 is from SigLab output
channel 1 while the excitation for DUT2 is the third response from DUT1.

0000 [] ?o 0000 [] 0O

v

+ Ciear Chasrmal Calculaion el M=
1 2 3 8 § & 7 @&

refii FIF F FOCOCCC

reFseCCICCFFPCCr-

reFaRaCCICIC DO M C

ref;a CC T FFRFEFR
_terti | _Cossed |

In DUT 1 In DUT 2
——b P
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The Cross Channel calculation matrix (above right) is setup to enable measurements of the
cross functions between channels 4, 3 and 2 with channel 1 as the reference, and, between
channels 5,6,7 and 8 with channel 4 as a reference. Channel 4 therefore serves as both a
response and a reference channel.

The graphic below shows the 7 transfer function measurements. You can choose a reference
channel to be associated with each axis. In this example the upper axis has the measurements
associated with reference channel 1 while the lower axis has those associated with reference
channel 4. Since the excitation to DUT2 is a response from DUTL, it is anything but “flat”.

Its power spectrum will closely match the blue curve in the upper axis. Using channel 4 as a
reference compensates for this sub-optimal excitation.

Ref. Chan. Select

[ ma 5 hophativasioma e PUSE
Fld Emisicey Wp HCEep  Haip
I | R
| G| P
it 1 et Himun] | s b

|1I:|?\.l a4
sl 4 ¥
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Impulse Response

The impulse response is simply the inverse Fourier transform of the transfer function.
Although this is simple in principal, it is really a deconvolution of the excitation from the

DUT’s response and, as such, is not very numerically robust. Small errors in the transfer
function can lead to large errors towards the latter portion of the impulse response. You can
measure the impulse response of the Acoustic Tube DUT by connecting it in the normal way
for a transfer function measurement. Theifig_1.vnahas the setup and measurement data
shown in the following screen. The impulse response is shown in the upper axis along with
the coherence in the lower axis. The impulse response is not valid for measurements that use
zoom.

4 vna plel] g oplabioma e deso s 1 v = il
Eeag MOS@an ComsChwmed Crpley Prevees  Fle Sampe

ek [T 11 T TR
EICTE

DSP Technology Inc. SigLab User Guide 5-51
04/25/99INSL3



Measurement Examples Section 5.0 Dynamic Signal Analyzer

Auto-correlation

Auto-correlation is analysis of the similarity between a signal and a time-shifted version of
itself. It can be used to extract a periodic signal from noise. To explore an example:

1. Connect Output 1 and Output 2 together using the RCA Y cable (or equivalent). Since
SigLab’s output impedance is fifty ohms, this connection sums the two outputs and
divides the respective amplitudes by a factor of 2

2. Connect this summed signal to Input Channel 1.

3. Set Function generator channel 1 to create a 500 Hz sine wave at amplitude of 200 mV
peak.

4. Set Output number 2 (this example cannot be done with a single 50-21) to produce
20 kHz bandwidth random noise with a 1 volt RMS level. This setup is iaddel.vfg

You now can use the setup fdeorl.vnafor the control settings to make the measurement
shown below. Notice that when you push the Avg button the lower axis, which is displaying
the auto-correlation, will converge to the measurement shown.

BT e e = DN ¢ v ginaghattsrs' sv,_d.... I 3
et W Sebr Cmm Daved [Nl Paves Bl S

EHE E (A
= BT

vk 1T T
T I

The upper trace (time history) shows that zero-padding has been enabled. You should use the
Boxcar analysis window for the best correlation measurements. The auto-correlation function
(lower axis) will always be a maximum when the time shift is equal to zero. The spike
centered at t=0 is from the random noise. The lower level periodic waveform is due to the

sine wave buried in the noise. Note that the sine wave is not visible in the time history plot

but is clear in the auto-correlation plot.
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Cross-Correlation

Cross-correlation measures the similarity of two different signals as a function of the time
shift between them. If the same signal is present in two waveforms it will be reinforced in the
cross correlation function while any un-correlated signals such as noise will be reduced.

To demonstrate cross-correlation, connect the Acoustic Tube as shown below in the simple
block diagram. This is the “normal” connection scheme but output channelseuallisly

corrupt the response of the tube with noise before the response is measured by input channel
2. You will need two Y cables (or equivalent) to duplicate this setup. The Acoustic Tube is
analogous to a communication path where the signal is transmitted by the left hand
transducer (internal to the tube), attenuated and corrupted by noise, and then received by the
right hand transducer.

1 1 B foibn o Wime b | Bk i
0900 [ 09 i (e
+ EmS| C3a| =TT um::m

Trgas T1Teet
25[ nom  2ofsd [ea o
4 E 4
hanrd Labed | Zoom 01|

—
—» Acoustc Tube

The setup files fovnaandvfg
areccorl.vnaandccorl.vfg
respectively. Turn on the
function generator outputé\if
On) and click on the Avg button
to produce the plots shownto g
the right. The input to the tube ig
driven by a 1000 Hz sine wave
and measured by channel 1
(upper axis yellow trace). The
response of the tube is measureg
by channel 2, but is severely Ly
corrupted by the broad band
noise from the function
generator. Notice that the sine =il LIRS
wave is not at all visible in the Il iliuul

PR3
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channel 2-time history (green trace). In fact, if you switch to the auto-spectrum display you
will see that the 1000 Hz signal is not visible there as well. The cross-correlation (lower axis)
does a rather remarkable job of extracting the signal from the noise because of the
availability of the “reference” signal into channel 1.

Cross Spectrum

The previous setup can be used to demonstrate the Cross-Spectrum function. You should turn
off the zero-padding, and select the auto-spectrum display only for channel 2 on the upper
axis as shown below. You then

select theross spectrum Eeas WC3wo CueOhwmel ool Drven FeSmmge

on the lower axis. Next, you
press the Avg button to generati
a display similar to the one
below. Notice that the 1000 Hz
signal is barely visible in the

The cross spectrum (lower axis)
clearly shows the 1000 Hz
component with a 40+ dB
margin over the noise.

ek [T 11 T TR
EICTE

The cross power spectrum is used in acoustic intensity measurements. The acoustic intensity
-1 Im(Csped

| is given by: 1 =
is giv y e -

Where p = density of air,w =frequency in radians per secomd,=spacing of the
microphones, andm(Csped =imaginary part of the cross spectrum.

The Engineering Units may be used to enter the microphone calibration factors as well as the
-1

p-Ar

term. The integration option selection can be used to provid&lttmfm. Note that
w

when the integration option is selected, the cross spectrum is multiplied by a faejter of
jo

Since the j factor is included in the integration, ris@l part of the integrated cross spectrum
should be chosen for the display. These features will allow the acoustic intensity to be
displayed directly.
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Example: (in MKS units)

lpbar 2 x 10%bar

Assuming a microphone cal factdtmic =
5mv \

And one bar = 10°nt / nt

2x107? x 1C§nt_ 2x 16nt
V x nt V x nt

therefore,Kmic =

The density of air at STP js = 1.29%g / nfand assumes the microphone spacing of the
intensity probe isAr = L2x 10°m.

0 Ar

The

term must be accounted for in the engineering units. Le{A—]‘rtherm be included

in the channel 1 engineering unit, and fh]eterm be included in the channel 2 EU as
P

follows:

2 x 10°nt 1

EUl= > X 5
m 12x 10°m

=1666x 10 :1—2 per Volt

2x10nt -1
e 1293%g,/ m

ntxm

EU2 = = -1546x 10 per Volt

Since the cross spectrum calculation effectivly multiplies the 2 measurement channels, and,
this result is multiplied by the_l— factor, the dimensions of the net result will be as follows:
jw

n_t ntx m
kg

><l
m’ @'

Representing the above units by the fundamantal unikagk L ength, and’'ime gives:

M><L2><T’2XM><L2><T’2
L3 M

MxL>xT3 _ Watts
L? Area

1
XF—

Therefore, selecting the real part of the single integration of the cross power spectrum with
the proper engineering units, will display acoustic intensity in units of watts per square meter.
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