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SECTION 2.0 
GETTING ACQUAINTED WITH SIGLAB 

Goals:  

• Learn the basic controls of the dynamic signal analyzer and function generator. 

• Make measurements showing SigLab's excellent dynamic range and spectral purity. 

• Extract the "just" acquired data and post-process in MATLAB. 

Introduction 

Most experts would agree. The best way to learn is by example. The hardest part of learning 
any new product is mastering the user interface. This section will accelerate you up the 
learning curve and have you taking full advantage of the SigLab user interface. So just relax 
and follow the instructions. By the time you finish this section, you’ll have a good feel for 
what SigLab can do for you and just as importantly, what it cannot. 

This section introduces two commonly used Vis (virtual instruments), the SigLab network 
analyzer and the function generator. There are many other VIs which you may find useful in 
your work and we encourage you to use these as well. In any case, the goals we outlined 
above are relevant regardless of the instrument. You must always set up your instrument, 
acquire data, and finally post-process the data to make inferences and generate reports. This 
section assumes that you have successfully completed the SigLab and SCSI installation.  

Example 1: Single-Channel Measurements 

1. Turn on SigLab and verify its connection to the PC. The front panel Status should 
briefly flash OK, and then change to T5 (Terminated at SCSI ID 5) or similar. If you do 
not see this, make sure you have completed the SCSI Installation per the Quick Start 
Guide. 

2. Connect channel 1 output directly to channel 1 input using the RCA cables and 
connectors provided with SigLab. Or you may use one of your own BNC cables. 

3. Start MATLAB.  
4. Start SigDemo. Invoke “SigDemo” from the MATLAB Command Window. 

>> sigdemo <enter> 
Note that MATLAB is case-sensitive in general but typing Sigdemo or even SIGDEMO will 
work under later versions of MATLAB 5. 
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5. Start vna. From SigLab Demo, under Network, select vna (virtual network analyzer). 
 
 

 
Figure 2-1. The vna setup window (left) and the vna plot window (right) are both initialized here using the 

default.vna file. 
 
After some time, you should see the something very similar to Fig 2-1. appear.  
 

8 Input Channels Pentium 90 MHz Pentium II 350 MHz 
Pre-hardware Init 28 seconds 10 seconds 
Post-hardware Init 11 seconds 2 seconds 

Table 2-1. The time required to initialize SigLab instruments depends on whether the hardware has been 
pre-initialized. 

 
On a 90 MHz Pentium computer, approximately 28 seconds is required to initialize vna for 8 
channels. The first session requires more time since neither the software nor the hardware 
was initialized. Once you have initialized the hardware, subsequent invocations of vna will 
be substantially faster.  
 
6. Start vfg. We will use the function generator as our source of excitation. Bring up the 

function generator by clicking on the vfg (virtual function generator) menu item in the 
vna setup window. You’ll find vfg next to the File and Excitation menus. This menu item 
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behaves like a pushbutton in the sense that no submenu items appear but instead vfg is 
invoked directly. 
 

7. Importance of a Well-Organized Workspace. Before we get into pushing buttons and 
acquiring data, the most important thing to do is establish an efficient working space. 
Otherwise, you’ll spend more time mousing and keyboarding around and less time doing 
real work. Setting the workspace is a highly individual thing but there is one feature that 
most people can agree upon … the more visibility, the better. See Figure 2-2 for one 
particular way to organize your workspace.  Resize the vna plot window and MATLAB 
window if necessary. We suggest you maintain some visibility with the MATLAB 
workspace, even if it’s only a few lines for debugging purposes. Your screen resolution is 
the biggest factor limiting what organizational scheme you choose. The minimum  
recommended is 1024x768. 

 
 

 
Figure 2-2. One possible workspace organization for easy access  to the vna plot window, vna setup 

window, vfg window, and the MATLAB Command Window. 
 
8. Where did the data come from? In the vna plot window, noticed that plots appear. You 

may wonder where that data came from since we haven’t actually acquired any data yet. 
This plot is data from a file called default.vna, a name you’ll see listed in the title bar. We 
call default.vna a setup file. Setup files contain data, the screen position and setup 
parameters as well like voltage ranges, sample rate, triggering, coupling, averaging mode, 
etc. All of this information is stored in one concise setup file for easy recall. Setup files 
make good memories far less important.  
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9. vfg Window The vfg is your knob to controlling SigLab’s output channels. It lets you 
generate different waveforms for excitation of the device under test in real-time using 
vna. Currently, you should have a connection from SigLab output channel 1 to Siglab 
input channel 1. Let’s take a closer look at the vfg settings. 

 
 

Currently, vfg is set to generate a 
1.414 Volts Peak, 0 volts offset, 1000 
Hz sine wave on channel 1. You 
should set the All On/All Off toggle 
button to read All On as in Figure 2-3. 
If your settings appear as in Figure 2-
3, your SigLab is now outputting a 
1000 Hz 1.414 volts peak sine wave. 
 
10. Excitation: Independent. In the 

vna setup window, under the 
Excitation menu, ensures that the 
Independent selection is checked.  

 
 

 

Figure 2-3. The default VFG window is set to a 1000 Hz sine wave on channel one. 
 

 

Acquiring Data 

This section lets you get hands-on experience with the instrument. You will be able to 
generate, acquire and display real data. A brief overview of every control will be covered in 
the following sections. For in-depth coverage of each control in vna and vfg, refer to Sections 
5.0 and 6.0 of this manual. 
 

To get started, switch to the vna plot window and hit the Inst button (bottom left-hand 
corner). Inst stands for Instantaneous, which means no averages are to be taken. 

 

Independent gives you full use of 
vfg. 
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Figure 2-4. The vna 
plot window appears as 
above after hitting the 
Inst button to acquire 
and display the sine 
wave generated by 
SigLab output channel 
1. Notice that while you 
are acquiring, the Inst 
and Avg buttons are 
greyed out (disabled) 
while the adjacent Stop 
button is black 
(enabled).  

The plots should begin 
to update with newly 
acquired data. The top 
plot represents channel 
1 time data, displayed in 
green. The bottom plot 

represents channel 2, displayed in time blue. You should see a flat line on channel 2 because 
we are not injecting a signal. 

Making Changes On-the-Fly. One of SigLab’s primary strengths is the ability to react to 
your changing demands on the fly. You can modify almost every control in the user interface 
while SigLab is acquiring data. Some people say that it feels very analog. To get a feel for 
this real-time interaction, do the following while it’s acquiring data: 

1. Changing Bandwidth. Change the bandwidth from 5 kHz to 10 kHz … to 20 kHz via 
the Frequency Rng dialog in the vna setup window. This popup has values from 20 kHz 
down to 2 Hz for a 20 kHz SigLab. Change it back to 5 kHz. 

 

2. Changing Full Scale Range. Change the full scale voltage level on channel 1 from 5.0 
volts to 10.0 volts … to .63 volts via the Channel Setup dialog in the vna setup window. 
This popup has values from 10.0 volts down to 20 mv. Notice that you saturated the 
analog front-end circuitry of SigLab when you changed to 0.63 volts. The waveform 

 

Set 
bandwidth 
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saturated at 0.63 volts and the overload indicators turned red. See Figure 2-5. Change 
back to 5.0 volts. 

 

 

 

 
Figure 2-5.  The SigLab overload (Ovld) indicators appear above the Inst, Avg, and Stop buttons in the 
vna plot window. Here are 3 possible states of the many you could see the overload indicators in for an 8 
channel system. 
 

Some Facts about Overload Monitoring 

• Green indicates channel is enabled with no overloads.  

• Red indicates channel is enabled with an overload. 

• Clear indicates channel is not enabled with no overloads. 

• Yellow indicates that the channel is not enabled (data is not being acquired or processed 
on this channel) BUT, there is an overload condition. The overload condition should be 
addressed by either removing the input signal or increasing the full-scale range. 

• There is one overload indicator per input channel. Channel 1’s overload indicator is on 
the far left and they number sequentially from left to right. If you have a 16 channel 
system, you will see 16 overload indicators. 

• Overload monitoring occurs before any filtering takes place. You may not see obvious 
saturated data in the plot window if the frequency components causing the overload are 
being heavily attenuated by the analog and/or digital alias filters. Use the overload 
indicators as your ultimate judge for overloaded conditions, not the plot. 

• The front panel of the SigLab hardware also monitors and displays overloads. This LED 
turns red if an overload occurs on any input channel. 

Ch 1 & 2 enabled, no overloads 
Ch 3 thru 8 are disabled, no overload  

Ch 1 and 2 enabled, overload on Ch 1 
Ch 3 thru 8 are disabled, no overload  

Ch 1 thru 8 are enabled, no overloads 
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. 

 

3. Changing Display Mode. Change to single-display in the vna plot window using the 
menu selection Display/Single. You should see one large plot of a sine wave. 

 
Figure 2-6. Changing the display from time to autospectrum 

4. Viewing Spectrum. Change the data-type from time to autospectrum using the y: data 
type popup in the upper-left hand corner of the vna plot window. You should see the plot 
change from the time domain to the frequency domain. 

You should see a 0 dB spectral peak at 1 kHz. vna displays the autospectrum (aspec) of 
the acquired data. The autospectrum computation is implemented on SigLab's C31 DSP. 
Because we have a “pure” sine wave, we do not see significant harmonics or spurious 
components in the autospectrum. 

 

Set display type, 
time, spectra, etc 
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 Figure 2-7. The Single Display mode after changing from time to autospectrum. Notice the plot is not 
autoscaled initially. 

 

5. Pre-Autoscaled. You probably noticed that the noise floor of the sine wave is not 
initially visible. Let’s fix that. Right single click anywhere in the plot window. Continue 
right clicking until you see the noise floor appear. Right single clicking is a way to 
autoscale the plot limits to the data.  

6. Post-Autoscaled. After autoscaling you should see something like Figure 2-8. 
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 Figure 2-8. After autoscaling you can see the signal and the noise floor across the entire spectrum. Notice 
the excellent dynamic range attained even without the use of averaging. 

7.  Left single click on the Stop button in the vna plot window before proceeding with 
steps 8 through 14.  

8.  Display Expansion. At times it’s necessary to zoom on parts of the spectrum for a closer 
look. Here’s how to do this: 

a) Position the mouse cursor in the plot window to start the upper left portion of your 
zoom box.  

b) Left double click and hold after the second click.  

c) While holding down, drag the mouse down and to the right. A yellow box will 
appear as illustrated in Figure 2-9.  

d) Enclose the region of interest in the yellow zoom box and then release the mouse. 

e) Left single click again in the plot window to accept the new plot limits. 

Repeat the above process until you have it mastered. Don’t get frustrated if you don’t get 
the knack right away. It’s not easy at first to get the hang of display expansion. In one 
sentence it’s: left double-click, hold, drag, release, left single click to accept or right 
click to reject.  
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Figure 2-9. The yellow zoom box appears indicating the region of interest. 

9. Viewing Previous Expansions. Make successive right single clicks in the plot window 
and you will see the plots scroll through the previous display expansions. Four different 
expansions are stored. When you hear a small click from your system speaker, this means 
you have cycled through the 4 expansions. The next click will autoscale the plot limits to 
the data as discussed in step 5 above. 

10. Cursoring Data. You can cursor any point in the plot by left single clicking on it with 
the mouse. The corresponding x-y readout for that data point appears beneath the plot.  

 
 Figure 2-10. The x-y readout under each plot gives the current value of the cursored data point. In this 
figure the second harmonic of a 1.414 volt 1000 Hz sine wave was cursored. Notice that it’s at 2000 Hz as 
expected and –92.2 dB down from the fundamental (1st harmonic). 
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11. Setting the Plot Limits. Most of the time, display expansion using the mouse is 
acceptable. However at times you’ll want to set the plot x-y limits to some exact values. 
In other words, sometimes you want to set [Xmin Xmax] and [Ymin Ymax] explicitly. 
Here’s how you do this. 

 

a. Set the X limits: Left single click on the x: button. A second edit box will appear next to 
the already present one. Enter Xmin and Xmax in the left and right hand edit boxes 
respectively. 

 

b. Set the Y limits: Left single click on the y: button. Enter Ymin and Ymax in the left and 
right hand boxes respectively. As you enter the numbers you will a box drawn in the plot 
window marking the new limits. 

 

 

c. Left single click in the plot window to accept these new x-y limits. Verify the limits 
actually changed as in Fig. 2-11 

Clicking on x: allows entry of 
user-defined X limits 

Clicking on y: allows entry of 
user-defined Y limits 
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 Figure 2-11. You can set x-y limits manually via the x: and y: controls beneath the plot. This plot extends 
from 500 Hz to 3000 Hz in the x direction and from –120 dB to –80 dB in y direction. 

 

12. Getting the Plot Limits. At times you also may want to know what the current plot limits 
are. To do this, you can just look at the plot itself or you can left single click on the x: 
and y: buttons and the x-y limits will appear beneath the plot. 

 

13. Finding Peaks. Frequently, you’ll want to know where the largest signal or response 
resides in the spectrum. Sometimes your eyes will tell you but it’s much easier to let the 
computer do comparisons for you. To do this, left single click on the peak finder beside 
the x: y: readout boxes. 

The peak finder appears like the “up carrat” symbol or Shift 6 ^ on most keyboards. 
Clicking on the peak finder again finds the second largest peak. Clicking again finds the 
third largest peak and so on until you wrap around to the largest peak again. Give it a try 
until you get the hang of it. Notice that each time you find a peak, the corresponding x-y 
peak values are readout beneath the plot. 

 

14. Finding Valleys. Some people also call these valleys by a different name, “nulls” 
depending on the application. In any case, once you mastered finding peaks, finding 

Clicking the ^ button finds 
successive peaks. 
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valleys is a snap. To find the lowest valley in your plot, left single click on the v valley 
finder, beside the x: y: readout boxes. It appear like a lower case letter v. 

 

Clicking on the valley finder again finds the second lowest valley. Clicking again finds 
the third lowest and so on until you wrap around to the beginning. Give it a try until you 
get the hang of it. Notice that each time you find a valley, the corresponding x-y valley 
values are readout. 

A Simple Exercise to Build On 

Let’s incorporate all we have learned so far into a simple exercise. This will give you some 
practice using the cursor functions, which can be a little awkward at first.  

 

1. Left single click on the Stop button in the vna plot window if you haven’t already done 
so. 

2. Both vna and vfg should be open. 

vna is set as follows: 
 1.Bandwidth = 5 kHz 

 2. Record Length = 512 samples 

 3. Channel 1 Full Scale = 5 volts 

 4. Boxcar window 

 5. Additive Averaging Stop Count = 20 

 6. Autospectrum Single Display 

3. Set vfg to output a square wave on channel 1. Use the default settings of 984 Hz and 
1.414 volts peak. 

Clicking the v button finds 
successive valleys. 
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4. Hit the Avg (average) button in the vna plot window. You will see the average counter 
count up from 1 to 20 in the vna plot window. You should see the first 3 harmonics of a 

square wave, Figure 2-12. Remember to autoscale, right click, if the plot is not already 
autoscaled. Since the square wave harmonics do not lie on FFT lines, and the Boxcar 
window is being used, the noise floor is swamped by spectral leakage. Let’s fix that.  

 Figure 2-12. The first 3 harmonics of a 984 Hz square wave processed with a boxcar window. The 
dynamic range is greatly reduced by the spectral leakage of harmonic components into adjacent fft bins. 

 

The average counter updates 
as the averaging is being 
performed 
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5. In the vna setup window, change the FFT window from Boxcar to Hanning. In the vna 
plot window menu, check Display/Overlay Upper. Hit Avg and observe the reduction in 
spectral leakage in Figure 2-13. Again, autoscale (right click) in the plot window if 
necessary.  

6. In the vna plot window menu, uncheck Display/Overlay Upper such that you only see 
the most recent measurement. 

 

 Figure 2-13. Though the fundamental, 3rd, and 5th harmonics of the 984 Hz square wave are 

clearly visible, there is substantial spectral leakage since they do not happen to lie exactly on FFT 
analysis lines.The dynamic range is greatly enhanced due to reduced spectral leakage. The mouse pointer 
points to the hanning windowed measurement. 

 

The total RMS energy in the displayed portion of the signal is displayed above the plot in 
volts rms.  
 

 

7. Let’s say you’d like to know the difference between the fundamental and the third 
harmonic in the spectrum. You could visually ascertain that the third harmonic is at 
approximately 3000 Hz and is about 10 dB down from the fundamental. However, here’s 
how to get exact answers.  

The RMS level meter updates in real-
time as the signal level changes 
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a. Left single click anywhere in the plot window.  

b. Hit the peak finder button. You should see the small yellow cross hair jump to the 
fundamental. 

c. Hit the mark button. The Mark button hasn’t been discussed up to this point. The small 
yellow cross-hair should turn into a large red “Marker” cross-hair. Now you have 
established a reference point. All subsequent cursored data points will be measured with 
respect to this x-y location. 

d. Hit the peak finder button again. You’ll see the yellow cross-hair jump to the third 
harmonic and the x: y: readout will update as in Figure 2-14.  

e. Interpret the x: y: readout. Four boxes appear next to the x: y: after you cursored the 
third harmonic. The left two boxes indicate the absolute position of the yellow cross-hair. 
The right boxes indicate the relative position with respect to the “marked” location. 

f. Click on the Mark button again to remove it. The Mark button is a toggle button. 

 

 Figure 2-14. The difference between the fundamental and the third harmonic is measured using the Mark 
and peak finder buttons. The third harmonic is 1975 Hz to the right of the fundamental and 8.79 dB 
smaller. 

Initialize mouse cursor in plot window 

Left boxes are absolute positions 
Right boxes are relative positions 
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9. You must be exhausted now. Let’s save the work so we don’t have to remember all these 
steps the next time we setup SigLab. Select File/SaveAs and save to the file 
excercise1.vna. The data and the setup information are now contained in one concise file. 
It’s not necessary to enter the .vna extension. It will be applied automatically. 

10. Congratulations, you are done with the first Getting Started exercise. Select File/Quit in 
the vna setup window or click on the Windows 95/98/NT X button in the upper right 
hand corner to close vna and vfg.  
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Post Processing 

In this section we investigate the different options available for post-processing. There are 
two main approaches to processing your measurement data depending on your MATLAB 
programming level: 

1.  For the experienced MATLAB programmer,  

post process in the MATLAB environment using the SLm data structure. 

2.  For the non-MATLAB programmer, 

post-process in another environment like Excel using the data Export selection from 
the File menu. 

Regardless of which approach you take, it’s important to understand how SigLab stores data 
in the MATLAB environment.  

Brief Architecture Overview 

When you the push the Inst or Avg buttons in vna, you’re actually causing the following 
events to happen: 

1. MATLAB requests new data from SigLab hardware via a DLL function call. 

2. New data (if available) is returned to MATLAB as a MATLAB variable. 

3. This MATLAB variable/vector is plotted in the vna plot window.  

4. Goto step 1. 

The above process continues until the user hits the Stop button. 

 Even though the data is returned as a MATLAB variable, it is hidden from the user by 
design. Your data is a local variable to the vna.m M-file, not a global variable. If you 
type “who” at the MATLAB prompt, you’ll find no indication that a new MATLAB variable 
or variables exists after running vna. In fact, hundreds of new variables actually do exist but 
they are all local variables. Why this approach? We hide the data for two reasons. 

1. If it’s not hidden, it’s very easy to accidentally erase it or modify it by “hacking” in the 
MATLAB command window. 

2. If it’s not hidden, your MATLAB workspace would be filled with hundreds of 
meaningless variables that would leave you either very perplexed or very angry at the 
vendor. 
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Post-Processing with MATLAB 

There exists a single data access method. It is a function call of the following form: 
SLm = vna('get','meas') 

SLm is a MATLAB data structure containing measurement related information including the 
data itself. The vna(‘get’,’meas’) command extracts the most recent measurement 
data from vna’s local variable space. The SLm data structure contains the data listed in Table 
1. For a complete description of how to use SLm, see Section 2.0 of the Programming Guide.  

SLm fields Description 

Scmeas: [1x16 struct] Single-channel Measurement Information 

Xcmeas: [4x16 struct] Cross-channel Measurement Information 

Xcstate: [1x1 struct] Cross-channel State Information 

Tdxvec: [1x512 double] Time-domain x Vector 

Fdxvec: [1x201 double] Frequency-domain x vector 

clist: [1 2] Channel List of Enabled Channels 

numin: 4 Number of Channels in Current Configuration 

Wincor: 1 FFT Window Correction Factor 

Winsel: 1 FFT Window Index 

rbw: 25 FFT Resolution Bandwidth 

navg: 0 Number of Averages 

zpad: 0 Zero Padding On/Off 

ovld: 0 Overload Status 

Zoomcf: 0     Zoom Center Frequency 

Filestor: [1x1 struct] File Storage Menu Information 
Table 2-2. The SLm data structure 
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A Brief SLm example 

Although the SLm section does an exhaustive job of explaining it contents and uses, a few 
quick examples should serve to get you over the hump of using SLm. The following steps 
were performed from the MATLAB command window. You’ll find yourself understanding 
how the SLm data structure works if you go through these examples. Afterwards, please 
review Section 2.0 of the Programming Guide.  

Open vna if it already is not. 

>> vna <enter> 

Data is now available in the MATLAB environment although you can’t see it as discussed 
above. The data is local to the vna M-file. To access the data, namely the SLm data structure, 
use the data access method listed above. The vna(‘get’,’meas’) command extracts the 
most recent measurement data from vna’s local variable space. What happens if you haven’t 
made a measurement yet? Do we have any measurement data? The answer is Yes! In this 
case, vna’s local measurement variables have already been set by reading from the current 
setup file, in this case, default.vna.  
Step 1: 

>> SLm = vna('get','meas');  
If you accidentally omit the trailing semi-colon, you’ll quickly understand why it’s commonly 
used. Omitting the semi-colon is tantamount to saying, “Show me the data”! 

Step 2: 

To see all the fields of SLm, do this: 

>> SLm  
SLm =  

      scmeas: [1x16 struct] 

      xcmeas: [4x16 struct] 

     xcstate: [1x1 struct] 

      tdxvec: [1x512 double] 

      fdxvec: [1x201 double] 

       clist: [1 2] 

       numin: 8 

      wincor: 1 

      winsel: 1 

         rbw: 25 

        navg: 20 
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        zpad: 0 

        ovld: 0 

      zoomcf: 0 

    filestor: [1x1 struct] 

The first field listed above in SLm is scmeas. scmeas contains single channel measurement 
data. Here, we will investigate both scmeas and tdxvec. scmeas is also a structure. Essentially, 
scmeas is also structure. More precisely, scmeas is an array of structures. On the other hand, 
tdxvec is a vector. This will all become clear after we look at some examples 

Step 3. 

To get a quick plot of channel 1 time domain data, do this: 

>> figure; 
>> channel = 1; 
>> x = SLm.tdxvec; 
>> y = SLm.scmeas(channel).tdmeas; 
>> plot(x,y); 
After typing SLm.scmeas, it reported a 1x16 struct array with fields.  If you are familiar 
with C language, this is called an array of structures. Each element of the array is a data 
structure containing that channel’s single channel measurement data.  

 

Step 4. 

To make the concept of an array of structures more clear, let’s look at one element in the 
array. First, let’s look at channel 1’s single channel measurment data: 

>> SLm.scmeas(1) 
 

ans =  

 

         tdmeas: [512x1 double] 

          aspec: [201x1 double] 

            fft: [] 

           acor: [] 

          label: 'Channel 1' 

      eu_on_off: 0 

    euscale_fac: 1 

      eu_string: 'Gs' 
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         eu_val: 1 

         fs_val: 5 

         db_ref: 1 

 

Note that whereas SLm.scmeas is an array of structures, SLm.scmeas(1) is just a structure or 
one element in the array. Equivalently, we can type: 

>> SLm.scmeas(2) … to see channel 2 data 

>> SLm.scmeas(3) … to see channel 3 data 

… 

>> SLm.scmeas(16) … to see channel 16 data 

>> SLm.scmeas(17) 

??? Index exceeds matrix dimensions. 

SLm.scmeas(17) is invalid since SigLab only supports up to 16 input channels at the time of 
this writing. 

 

Step 5 

Extract the channel 1 time data and assign it to the MATLAB variable y: 

>> y = SLm.scmeas(1).tdmeas; 
It’s that simple. Now extract the time domain x vector associated with the time data: 

>> x = SLm.tdxvec; 
If you understand what we have done so far, then 90% of the battle is over. 

 

Step 6. 

Let’s go through a complete exercise together. 

To get a quick plot of channel 1 time domain data, do this: 

>> figure; 
>> channel = 1; 
>> x = SLm.tdxvec; 
>> y = SLm.scmeas(channel).tdmeas; 
>> plot(x,y); 
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Step 7. 

To get a quick plot of the channel 1 autospectrum data, do this: 

>> x = SLm.fdxvec; 
>> y = 10*log10(abs(SLm.scmeas(channel).aspec))); 
>> plot(x,y) 
SLm.fdxvec stands for the frequency domain x vector associated with autospectrums. 

 

For practice, make a new measurement using vna and repeat the above steps. Verify the plots 
reflect your new measurement. 

 

Post-Processing from a Setup File 

vna doesn’t have to be open as a pre-requisite for post processing. If you saved your results to 
a setup file like default.vna, then you can extract that data on a machine without installing 
SigLab software. Here’s how you do it. From the MATLAB Command Window, 

 
>> load default.vna –mat 
 

Now SLm exists in the MATLAB workspace for post-processing as before. To verify this 
type: 

>> who 

 

Your variables are: 

CenterFreq          ch_ptr              vdlg1_s1             

ChanLabel           exdlg2_s1           vdlg1_s2             

ChanStat            exdlg2_vis          vdlg2_s1             

Cmprssd_Notes       grids               vi_timestamp         

EULabel             hdlg1_s1            vna_pos              

SLm                 hdlg2_s1            xplot_axes           

SampleRate          hdlg2_vis           xplot_s1             

SystemClk           key                 xplot_s2             

UniformFlg          num_io 
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Ignore the other variables as they are internal vna file details. The only variable of interest is 
SLm. You can repeat steps 1 through 7 using SLm. 

 

Two-Channel Measurements 

Post-processing two-channel measurements is a more involved task and as such needs more 
explanation. Refer to SLm section (Section 2.0) of the Programming Guide for how to extract 
and plot transfer function, cross-spectrum, correlation, and coherence data. 
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Post-Processing Outside of MATLAB 

You may have already developed a set of routines for post-processing data independent of 
MATLAB. In that case, you’ll need to export the data to your environment. SigLab exports 
data by way of ascii text files. For Excel users, we have developed a set of templates and 
Visual Basic scripts optimized for processing these ascii files.  

To export your data to an ascii text file: 

1. Select the Export menu pick under File in the vna setup window.   

2. Select the data type of interest. 

3. Click SaveAs and indicate the filename. 

 

 

 

To export your data to Excel: 

1. Select the Export menu pick under File in the vna setup window.   

2. Check the data type of interest. 

3. Click Send to Excel. When you do this, a text file is automatically created. The text file 
name is the same as the currently opened vna file but with a .txt extension. 

How to customize the Excel interface is described in the Common Element of  Section 
(Section 4.0) of this User Guide. 
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A Brief Review of the VNA Setup Window 

This section gives a quick introduction to all the controls in the vna setup window.  For an in-
depth explanation, see the vna section of the user manual. The vna setup window is divided 
into 4 control sections or dialogs as they’re frequently referred to. 

Channel Dialog 
For those familiar with using a stand-alone oscilloscope, channel controls are similar to 
vertical controls. Only one channel’s setup is viewable at any give time. First, we’ll look at 
Channel 1 only. To view channel setup information at a glance use the MC (Multi-Channel) 
Setup menu selection in the vna Setup window. 
 

Figure 2-16. A sample channel setup dialog found in the VNA setup window. 
 
Find the following settings in Figure 2-16. 

A. Channel 1 is ON. Note that Channel 1 cannot be turned off. All others channels 
can be turned off. 

B. Full Scale Voltage Range =  ±±±±5 volts peak. All voltage ranges are implied 
bipolar(±) although not listed that way in the user interface. You can set the full 
scale range from ±20 mv to ±10 volts peak. 

C. Coupling = DC. Your other choices are AC and ICP.  
D. DC Offset = 0 volts. The range of offset values depends on the full scale voltage 

range.  
 

Full Scale Voltage Range Maximum DC Offset 
± 10.0  ± 8.0 volts 
± 5.0 ± 8.0 volts 
± 2.5 volt to ± 20 mv scales ± 2.5 volts 
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E. Channel Label =  “Channel 1”. You can edit the channel label to read any text 
string. If the string is too long, it will scroll to the left. 

F. EU (engineering units) are Off. This toggle button controls the state of 
engineering units. When engineering units are off, the units are based on volts. 
When engineering units are on, the units are based on your entries. See Figure 2-
18. 

G. 0 dB reference = 1 volt RMS. You can changed the 0 dB reference point to any 
value. The default value is 0 dB = 1.0 volt RMS. Refer to the VNA section on 
engineering units for a complete description of this field’s capabilities. 

 

A B 
 
Figure 2-17. Two faces of the Channel Setup dialog, with AC coupling (A) and DC coupling (B). With AC 

coupling,  the DC offset slider is not visible. With DC coupling, a slider appears for selecting the DC 
offset 

 

A B 
 
Figure 2-18. Two faces of the Channel Setup dialog, without engineering units (A) and with engineering 
units (B). With EU Off,  the two fields to enter engineering units are not visible. With EU On, you have to 
enter both an engineering unit and multiplying factor. 
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MC Setup for Multi-Channel Users 
For SigLab users in the 4 to 16 channel range, using the Channel Setup dialog can be quite 
tedious for both channel setup and interrogation. To make life easier, we have provided a 
Multi-Channel Setup utility, MC Setup. It has all the functionality of the Channel Setup 
dialog but it lets you see all channels at a glance. You’ll find a main menu link to MC Setup 
in both the VNA Setup and Plot Windows. 

 
Figure 2-19. The VNA plot window has a link to the MC Setup window. 

 
 

Figure 2-20. The multi-channel setup window as called from VNA. 
 
Key points to be aware of when using the MC Setup Window 
 
1. No changes take affect until the Apply button is pushed. The Apply button is disabled 

until you change some parameter in the MC Setup window. 
2. After you push the Apply button you cannot Undo the changes. The Undo button only un-

does changes since the last Apply. 
3. Channel 1 is always on. It cannot be disabled. 
4. Channels 2 thru N can be turned on at once as indicated in Figure 20. 
5. The Invert checkbox is a display feature that applies to the Engineering Units fields only. 

If unchecked, the engineering units are displayed as EU per Volt. If checked, they are 
displayed as Volts per EU. 

 
 
 

Click here to 
set all multiple 
channels at 
once. Click here to enforce the 

changes, or … click here to undo. 
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Frequency Dialog 
The frequency controls are similar to the so-called horizontal controls on stand-alone 
oscilloscopes. The frequency controls impact your entire system, not just a particular channel 
or set of channels. In other words, you can’t set the bandwidth on channel 1 to 20 kHz and 
the bandwidth on channel 2 to something different like 100 Hz. All channels must acquire 
data at the same bandwidth and the same frequency resolution. 

A B 
Figure 2-21. Sample Frequency Range Dialogs. Part A is setup for baseband analysis. Part B is setup for 
zoom analysis with the center set to 10 kHz and a bandwidth of ±1.0 kHz. 
 
Refer to Figure 2-21, part A for the following settings: 
 
A. BW (Bandwidth) = 10 kHz. The sample rate is always 2.56 * Bandwidth. In this case, Fs 

= 25.6 kHz. The range of bandwidths is 2 Hz to 20 kHz for a 20 kHz system. 
B. AA (Anti-Alias) Filters are On. AA Filters may be toggled on and off. Only the digital 

AA filters may be toggled on/off. The 20 kHz AA filter is analog and is always on. 
C. Record Length = 512 samples. For spectral analysis, the record length is equivalent to 

the FFT size which is always a power of 2. The range of FFT sizes is 64 to 8192. 
D. Zoom Processing is Off. When Zoom is off, we are said to be “processing in baseband”. 

Zoom processing is equivalent to shifting the center frequency of analysis from 0 Hz 
(baseband) to some center frequency of interest. 

E. dF = 50 Hz. The FFT bin width = 50 Hz. The terms dF, FFT bin width, and frequency 
resolution all refer to the same thing. In generic terms,  
dF = Sample_rate/Record_Length. 
For our current setup, dF = 25,600 Hz/512 = 50 Hz. 
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Processing Dialog 
Processing controls are less associated with oscilloscopes than they are with spectrum 
analyzers or network analyzers. Unlike the channel and frequency controls which affect the 
way the analog data is acquired, the processing controls manipulate the data only after it has 
been digitized. 

A B C D E 
Figure 2-22. The many different faces of the Processing Dialog. Each dialog shows different 
configurations for averaging type, overload rejection, % overlap, and FFT window. 
 
Refer to Figure 2-22, part A for the following settings: 
 
A. Additive Averaging. In the processing control you will only see Add to signify additive 

averaging. See the VNA section of the user’s manual for a complete explanation and the 
equations used in the different averaging modes. 

B. Zero Padding (Zp) is Off. Zero padding is generally only set to On for correlation 
measurements. 

C. Stop at Count = 20. The acquisition and averaging will automatically stop after 20 
averages are complete. 

D. Overload Reject is Off. In this state, even overloaded data (i.e. saturated, corrupted, 
bogus data) is included in the averaging process. If Overload Reject is on then overloaded 
frames of data are not included.  

E. No Overlap. You can set the % overlap to be No Overlap (0%), 50% Overlap, or Max 
Overlap (93.75%). 

F. Boxcar Window. You can choose numerous FFT analysis windows to control spectral 
leakage. The boxcar window is equivalent to no window at all. 
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Triggering Dialog 
The triggering controls are more relevant to time domain measurements and less relevant to 
spectrum measurements. Most spectrum measurements don’t require triggering. If this is the 
case, set triggering to Off (Free Run). You may only see Off (Free Ru depending on your 
font size and type settings. 
 

A B C D E 
Figure 2-23. The many different triggering modes from A to E. Only the controls relevant to  your 

particular triggering mode are displayed. This helps avoid confusion. 
 
Trigger mode A is Free Run and is equivalent to no triggering at all. The data is displayed as 
it is acquired in Record Length blocks.  
 
Trigger mode B is Every Frame triggering. Data is displayed (triggered) in Record Length 
blocks every time a positive-going signal crosses through 0% of full scale on channel 1. 
 
Trigger mode C is 1st Frame triggering. It is equivalent to Trigger mode B (Every Frame) on 
the first block of data and Trigger mode A (Free Run) thereafter. 
 
Trigger mode D is Manual Arm triggering. It is equivalent to Trigger mode B except that you 
must arm (press) the Arm button before trigger events are monitored. The trigger is “armed” 
when the arm led is green. 
 
Trigger mode E is 1st Frame Manual Arm triggering. It is equivalent to Trigger mode C 
except that you must arm (press) the Arm button before trigger events are monitored. 
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SECTION 3.0 
SIGLAB HARDWARE 

System Architecture 

The SigLab system provides outstanding measurement capability over the audio frequency 
range and beyond. The SigLab is configured with 2 or 4 input channels as shown below: 

Model 

20-42 4-inputs, 2-outputs 20 kHz Bw 

20-22A 2-inputs, 2-outputs 20 kHz BW 

50-21 2 inputs, 1 output  50 kHz BW  

SigLab has three major hardware subsystems: 

1. Control Processor 

2. Input 

3. Output 

 
Figure 3-1  Major Hardware Subsystems 
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Control Processor Boot Sequence 
When the SigLab power switch is turned on, code from the 32 Kbyte boot ROM is loaded 
into the 256 K byte program SRAM by a hard coded routine in the TMS320C31. After this 
code is loaded, the processor is executing a second level of boot code, which sets up the SCSI 
address and termination condition and indicates the selection on the front panel status 
display.  

 

Input Channels 
SigLab's differential input channels are configured at the factory as shown in Figures 3-2 and 
3-2a. The configuration is determined by components on the 14 pin DIP headers. For the 20-
22 each header controls one channel. For the 20-22A and the 20-42 each header controls two 
channels. The headers are located under the access hatch on the top cover just behind the 
input BNC connectors. Most users will not need to make any changes to the standard input 
configuration. 

 

130 Ohms 

130 Ohms

499 Ohms

+15 @20mA max. -15 @20mA max.

-5 @30mA max.+5 @30mA max.

System Ground

Input (1 or 2)

Rcm=

1/8 W

 

Figure 3-2  14-Pin DIP Header (for SigLab 20-22 only) 
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+

+

Input (1 or 3)

130ΩΩΩΩ

130ΩΩΩΩ

499ΩΩΩΩ
-5V

+15V

+5V
499ΩΩΩΩ

130ΩΩΩΩ

130ΩΩΩΩ

-15V

GND

Input (2 or 4)  

Figure 3-2 a: 14-pin DIP Header for SigLab 20-42, 20-22A, 50-21 

 

The value of resistor Rcm (499 Ohms as shown in Figure 3-2) is intended to serve the needs 
of users requiring both differential and single ended capability. This value, however, is a 
trade-off. For situations requiring minimal circuit loading, 499 Ohms may be too low (see 
Application Note 3.0, "Biasing Internally Amplified Accelerometers). Applications that 
require interfacing to low level signals lacking a ground return to SigLab (e.g., from a 
microphone) will benefit by selecting a smaller Rcm (e.g., 51 Ohms). This lower value will 
minimize the common mode noise voltage pickup.  

In any case, the value of Vcm must meet the following constraint: 

cm cmV P RRcm< •  or 30 V whichever is less. 

Vcm  is the common-mode voltage. 

Rcm  is the common-mode resistance. 

PRcm is the power rating of Rcm.  

For more information regarding how to customize the input signal conditioning, see 
Application Note 2.0, "Interfacing Telephony Signals to Spectral Dynamics SigLab, and 
Application note 3.0, "Biasing Internally Amplified Accelerometers."  

Auxiliary power is provided to the header pins. These power supplies are provided to 
accommodate custom signal conditioning interfaces. The maximum current rating specified 
in Figure 3-2 drawing is for both channels (e.g., half is available for each channel). 
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Bias Source 
 
An optional ICP® compatible bias supply is available for SigLab. This source provides a 
4mA constant current with approximately a 24 volt compliance. The software automatically 
detects its presence. When the bias source is detected, the input coupling menu will include a  

Figure 3-3 ICP compatible bias source schematic 

Bias on choice. If you have a multichannel system, bias sources must be present in all the 
SigLab modules before the Bias selection in the Channel Setup coupling popup will be 
visible. 
 
A simplified schematic of an input channel is shown above. This diagram is valid when the 
bias source is installed. The switch (a relay under software control) is shown in the bias off 
position. In this position, input characteristics are identical to a channel without the bias 
source option, except that the 470 ohm common mode resistor is 499 ohms. When the source 
is in the bias on state, the 4 mA flows out the center conductor of the BNC connector and is 
returned through the BNC shell. The 4 mA bias current will cause approximately a 2 volt dc 
offset between the BNC shell and the SigLab chassis ground (4mA * 470 ohms = 1.88 volts). 
Since the input circuity following the bias source interface is differential, and AC coupling is 
used when the bias source is active, this offset is of no consequence.   
 
Occasionally the following error will appear in the MATLAB command window: 
 
SigLab get bias call timed out in v_dlg1. Bias support may be 
available, but system fails to detect it. 
 
This usually indicates that a SCSI status channel problem has occurred. Try re-booting the 
entire system (SigLabs, Windows, and MATLAB) to clear it. If it persists, consult the 
factory.  
 

130 

130 

470 

15 (set 4mA) 

33 

1M 

On 

2.2uF 

Off 
BNC 

 

+

+24

- 

Bias 
(On) 
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Bias options may be ordered as part of the initial SigLab purchase, or installed in existing 
units.  SigLab must be returned to the factory or authorized repair center if the option is to be 
installed in an existing unit.  
 

Output Channels 
The output channels of SigLab are single ended with a 51 Ohm source impedance as shown 
in Figure 3-4 Single Ended Output Channels. The low side (BNC shell) is connected to 
SigLab's system ground. System ground is also available on the back panel via a screw (see 
Figure 3-6). 

 

51  

System Ground

Output (1 or 2)

 

Figure 3-4 Single Ended Output Channels 

 

 

Figure 3-5 System Ground Connection 

The system ground is connected to the ac main safety ground through the 12 Vdc power 
adapter. 
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Front Panel 

The input/output BNC style connectors and the LED status indicators are on the SigLab 
hardware’s front panel.  

D
d SigLab

1 2 3 41MΩ <50 pF 30 Volts Max

Inputs
Input

Overload
Input
Active

SCSI
Active

Battery
Low

Status 1 2

Power
On

50Ω
20 Volts Max

Model 20-42

Outputs

 

Figure 3-6 Model 20-42's Front Panel 

When the power switch is turned on, the power indicator LED will turn green. The Status 
display will briefly flash OK and then indicate the SCSI termination mode and address (e.g., 
T5 for address 5, terminated, and, U2 for address 2, unterminated ). No other indicators 
should be on at this point.  

After the system code is downloaded to SigLab hardware, the indicator LEDs will behave as 
follows: 

Input Overload will display red when an input signal exceeds the input range on either input 
channel. The VI software will indicate which channel is overloading if data is being acquired 
and displayed. The overload condition should be eliminated by changing the input gain range 
or by lowering the level of the input signal. 

Input Active displays yellow when the input subsystem is acquiring data.  

SCSI Active displays green when a transfer takes place over the SCSI bus to or from SigLab. 

Battery Low will flash red (if running from the battery) when the battery energy is low. At 
this point, there should be about 5 minutes left of battery power.  

Status indicator will cycle through multiple displays depending on SigLab's current state. 
When you power ON, the status will briefly display OK, then T5. The T represents 
terminated, and the 5 is the SCSI ID number. For multibox configurations each box will have 
a different SCSI ID and either a T (terminated) or U (unterminated) status. When you initiate 
a SigLab instrument, the Status indicator will cycle once through: 
  

Power source: ac or dc 

Termination status and SCSI ID 
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OK 

The OK display will hold for about 15 seconds before cycling through 

Power source: ac or dc 

Lowest channel number for particular module 

Termination status and SCSI ID 

OK 

Again, the OK display will hold for about 15 seconds before repeating the above. This cycle 
continues as long as the instrument remains in use. 

The power source is ac if an external source is detected or dc if SigLab is running on its 
internal battery. 

When operating under internal battery power, efforts are made to conserve the battery if data 
acquisition is not taking place. All indicators will go out except for Power, which will blink 
slowly if the system is attempting to conserve battery energy. For more information see 
"Battery Operation" on page 3-9. 
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Rear Panel 

5

SCSI Address Select

System Ground

External Power Input SCSI II Connectors

Multi-Box Synchronizing Signals  

External Trigger  & Digital IO

SCSI Address & Terminator Mapping

NiCad Battery Access 

 

Figure 3-7 SigLab's Rear Panel 

 

The power and interface connections to the host computer are on the back panel. 

NiCad Battery Access is provided with the two screws on the serial number plate. Normally, 
the user will not need to gain access to the battery pack until it will not hold a charge and 
needs replacement. If the battery is difficult to extract, the two slotted screws on the top of 
the case may be loosened and pushed in to relieve pressure on the battery pack. Be sure to 
reinstall all materials (foam etc.) provided with the original battery to secure the pack. 

SCSI Address Select is set by pushing the small upper / lower rectangular plastic buttons on 
the 10 position selector switch. The SCSI address of SigLab does not necessarily agree with 
the number shown in the Address Select window. Please refer to the SCSI Address & 
Terminator Mapping table directly over the SCSI II connectors. A "Y" means the SCSI 
terminator is active. 

External Power Input can be from the Universal AC Adapter provided with the SigLab 
hardware, or an external dc source with a voltage between 12 and 15 Vdc (max) such as a 
lead acid storage battery or automotive electrical system. When power is applied to this port 
the internal NiCad battery is charging. 

Multi-Box Synchronization Signals are used to link SigLab modules together. The multi-
box capability requires v2.0 SigLab software plus a special cable. Signals on this connector 
are not intended for the end user. 

The Digital I/O connector is used for external triggering on pin 2. It triggers on high to low 
TTL transitions. 

Two high density SCSI II connectors are provided to allow daisy chaining of the SCSI bus 
to other SigLabs or other SCSI devices.  
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Battery Operation 

7.2 volts @ 1500 mAH

 
 

                                             Figure 3-8 The SigLab Hardware's Internal Battery 

 

 
The SigLab hardware has an internal battery to allow portable operation. The battery is a 7.2 
1500 mAh NiCad pack. It is readily available since it is a popular Radio Control model 
standard. When external power is applied (12-15 Vdc), the internal battery is being charged 
by the integrated battery charging circuitry. The battery will be fully charged in 
approximately 14 hours from a fully discharged state. The internal SigLab hardware battery 
cannot be overcharged while in the SigLab hardware unit. 
 
When SigLab hardware is turned on without an external power source and a system code is 
downloaded (typically by invoking a VI), the power management mode is automatically 
activated. If the system is idle while in this mode (no data acquisition taking place) for more 
than 30 seconds, power is automatically removed from the input and output subsystems to 
conserve the battery. All front panel indicators will go off except for the power indicator 
which will be flashing. If the battery condition is low, the Battery Low indicator will come on 
and the SCSI Active indicator will flash due to low battery messages being sent to the host. 
The output generator will also shut down (producing no output) when in the power down 
state.  

Running on the internal battery, you can expect from 30 minutes (data acquisition 100% of 
the time) to 2 hours (no substantial data acquisition) of service.  

2.5 mm 5.5 mm

13mm

Center +

 

Figure 3-9 External 12 VD Source 

For extended portable use, an external 12 Vdc source is recommended. A cable with a dc 
power plug that has a barrel dimension of 5.5 mm with a 2.5 mm center must be constructed. 
Be certain to construct it so that the center is the positive terminal. The external power 
can be applied and removed while SigLab is on with no adverse effects. If the SigLab 
hardware is powered with external power (even though it is a battery), the power 
conservation mode will not be activated. 
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If you would like the power conservation mode to be invoked while using an external battery, 
the following must be done: 

1. Power up SigLab without connecting the external battery. 

2. Run a VI to download the system code and sense the internal battery. 

3. Connect the external battery. 
 

This forces the SigLab power control logic into the state that indicates it is running on its 
own internal battery, which activates the power conservation feature. 



Section 3.0 SigLab Hardware Environmental Issues 

Spectral Dynamics, Inc. SigLab User Guide 3 - 11 
8/9/01S2022D1/A 

Environmental Issues 

The SigLab hardware is housed in a rugged aluminum case that will provide years of service. 
There are no air ventilation holes in the case. This serves to keep dust and debris out of the 
SigLab hardware electronics. However, if the SigLab hardware is turned on for an extended 
period of time, it should be located in an area with good air circulation for proper cooling.  



Environmental Issues Section 3.0 SigLab Hardware 

3 - 12  Spectral Dynamics, Inc. SigLab User Guide 
8/9/01S2022D1/A 

 



Spectral Dynamics, Inc. SigLab User Guide i 
08/09/01S2022D1/A 
 

TABLE OF CONTENTS 
SECTION 4 

SECTION 4.0  COMMON ELEMENTS OF THE VIS ..................................................................................1 

OVERVIEW........................................................................................................................................................ 1 
DIRECTORY STRUCTURE................................................................................................................................... 1 
YOUR WORKING DIRECTORY (VIP) ................................................................................................................. 2 
GRAPHICAL CD CDX.M..................................................................................................................................... 3 
STARTING SIGLAB USING SIGDEMO ................................................................................................................. 4 
STARTING SIGLAB FROM THE MATLAB COMMAND LINE ............................................................................... 7 
CLOSING AN APPLICATION................................................................................................................................ 9 
APPLICATION CONFLICTS................................................................................................................................ 10 
SWITCHING BETWEEN WINDOWS.................................................................................................................... 11 
NON-STANDARD WINDOWS CONTROLS .......................................................................................................... 11 

Toggle Button............................................................................................................................................12 
LEDs .........................................................................................................................................................12 
Slider/Edit Box..........................................................................................................................................12 

CURSOR AND DISPLAY FUNCTIONS................................................................................................................. 12 
Cursor Controls ........................................................................................................................................13 
Cursor Operation (no expansion box visible) ...........................................................................................13 
Peak and Valley Finding...........................................................................................................................14 
Relative Measurements .............................................................................................................................14 
Setting Axis Limits.....................................................................................................................................15 

HARDCOPY ..................................................................................................................................................... 18 
Screen Captures using the Keyboard........................................................................................................18 
The Hardcopy Dialog ...............................................................................................................................19 

DEFAULT SYSTEM SETTINGS .......................................................................................................................... 20 
COLOR SCHEME SELECTION ........................................................................................................................... 22 

Font Selection ...........................................................................................................................................23 
VIEWING FILES WITHOUT SIGLAB ................................................................................................................... 23 
DYNAMIC DEVICE UNDER TEST ..................................................................................................................... 24 
REPORT GENERATION WITH EXCEL ................................................................................................................ 25 

Installation ................................................................................................................................................25 
Using Excel plotting utility .......................................................................................................................25 
EXCEL MACROS AND TEMPLATES: A Quick Look..............................................................................27 
A few notes of caution:..............................................................................................................................28 

ABOUT............................................................................................................................................................ 30 
HELP ON HELP ................................................................................................................................................ 31 



 Section 4.0 Common Elements of the VIs 

ii Spectral Dynamics, Inc. SigLab User Guide 
 08/09/01S2022D1/A 



 

Spectral Dynamics, Inc. SigLab User Guide 4 - 1 
08/09/01S2022D1/A 
 

SECTION 4.0  
COMMON ELEMENTS OF THE VIS 

Overview 
SigLab measurement applications or Virtual Instruments (VIs) allow measurements to be made on 
dynamic signals and systems directly in the MATLAB® environment. However, no programming 
knowledge of MATLAB is required to use this software. This section will cover topics that are 
common among all of the measurement applications.  

Directory Structure  
The install procedure uncompresses the SigLab code on the distribution CD and installs it to the 
directory that you have specified. If the default directory name (siglab) under \matlab was 
specified, the MATLAB directory will contain the directories shown below (Fig 4-1.). 

\matlab 
bin 
extern  
siglab 

siglabdemo demo software  General demo of using SigLab 
doc  documentation          All *.doc and *.txt files 
debug      scsi debug utilities  
vfg  Function Generator  Stimulus for system analysis 
vos  Oscilloscope   Time domain measurements 
vsa  Spectrum Analyzer  FFT based spectrum analysis 
vna  Dynamic Signal Analyzer Time, spectrum, and network analysis 
vna_demo   Demo files for vna 
vcap Long Record Capture  Utility for vos, vsa and vna  
vss  Swept Sine Analyzer  Frequency response using sine excitation 
vid  System Identification Modeling of dynamic systems 
vto        nth Octave Analyzer Fractional octave spectrum analysis 
smap  Spectrum Mapping Non stationary spectrum analysis 
modal  Modal Analysis File conversion utilities for modal analysis 
vda Distortion analyzer Harmonic and intermodulation distortion analyzer 
hwverify hardware verification Hardware performance verification  
vex  examples   Example m files  
vauto  Automated Test  Automated test files and serial/parallel I/O 
vbin  binary siglab .out/.dll Low level siglab files 
vcom  common files   Files shared by applications 
uninst.isu  uninstall system file 

toolbox 

Figure 4-1 Items in the SigLab Directory 

The SigLab installation procedure modifies the file userpath.m found in \matlab\toolbox\local to 
place the directories in figure 4-1 containing SigLab M-file code (MATLAB application code) on 
the MATLAB path.  

 



Your Working Directory (VIP)  Section 4.0 Common Elements of the VIs 

4-2 Spectral Dynamics, Inc. SigLab User Guide 
 08/09/01S2022D1/A 

Your Working Directory (VIP)  
A major benefit from the integration of the PC, SigLab, and MATLAB is the ability to save files 
with both measurement data as well as the state of the application’s controls. If no working 
directory is specified, the default location for these files will be the subdirectory that contains the 
active application. For instance, the oscilloscope will default to accessing files in the \siglab\vos 
directory. Although the file dialogs allow you to access files in any directory, it is tedious to 
continuously re-direct the application to a specific directory.  

You should use the vip utility, to specify a directory as your “working directory”. This has the 
advantages of keeping your work on a specific project in one directory and minimizing the 
navigation to this directory. 

Use vip to specify your working directory  with the following 
steps: 

1. Create a directory using Windows Explorer (e.g., a_robot) 
2. Place a file of any type into this directory (e.g., junk.txt) 
3. Type vip in the MATLAB command window 
4. Use the File dialog to navigate to the a_robot directory 
5. Select the junk.txt file 
6. Click on Open        

  
The above actions have now selected the a_robot directory as the default directory for SigLab 
applications and have changed the MATLAB working directory to a_robot. The path to this new 
working directory is stored in the file: siglab\vcom\vi_path.mat .  

If you want MATLAB to open with your SigLab working directory as the MATLAB working 
directory, you can create a  startup.m  file like the one shown below.  

% startup.m 
disp('siglab\vcom\startup.m is executing.')   
slwd = vip('get','path');    % get the SigLab working directory 
eval(['cd ',slwd]);          % change the MATLAB working directory to it. 
disp(['The SigLab working directory is set to: ',slwd]);  

 

You put this file in the \siglab\vcom directory. Only one startup.m file should exist on the 
MATLAB path. By typing: >> which startup at the MATLAB prompt, you can see if there is more 
than one copy of startup.m and then remove the superfluous ones if necessary.  

!!!!NOTE 
The file vi_path.mat does not exist until vip is run at least once. If you do not create your own 
working directory, measurement files will end up being stored in SigLab subdirectories. Storing 
your measurement files in the SigLab subdirectories is not recommended, because installation of 
subsequent software upgrades could accidentally delete important measurement files during the 
install process. 
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Graphical CD cdx.m 
The graphical change directory command, cdx.m, allows you to change the MATLAB working 
directory without changing the SigLab working directory. When you type cdx at the MATLAB 
prompt, a file dialog appears. You use the file dialog to open the target MATLAB directory and 
select any file in the target directory to accomplish the change. If there are no files in the target 
directory, a dummy file must be inserted using Windows Explorer.   
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Starting SigLab Using SigDemo  
SigLab Demo provides a quick overview of the software tools at your disposal.  If you are a new to 
using SigLab and are interested in seeing more of the different SigLab tools available, we suggest 
you read on. Otherwise, you may skip this section. For an in-depth explanation on why you would 
use one tool over another, see their respective sections in the user’s manual. 

 
Figure 4-2 The SigLab Demo window divides the software applications into five categories. 

  

Notice there are five categories of menus, Time, Spectrum, Network, Extras, and Debug. You may 
start each application by selecting it with the mouse. You will likely prefer using the keyboard as 
you gain familiarity with the SigLab software. In the meantime, however, it’s a good starting point. 

1. The Time menu provides links to time-based analysis tools like an oscilloscope or data 
recorder. You may also invoke the function generator for outputting different excitations like 
sine waves or square waves from this menu. Your selections are as follows: 

• VOS invokes the oscilloscope (vos) only. 

• VOS & VFG invoke both the oscilloscope and the function generator (vfg). 

• VOS & VCAP invoke both the oscilloscope and the data recorder (vcap). 

• VCAP invokes the data recorder (vcap) only. Prerequisite: vos must be open first. 

• VFG invokes the function generator (vfg). 

2. The Spectrum menu provides links to spectrum-based analysis tools like spectrum analyzers, 
waterfall maps, octave analyzers, and distortion analyzers.  

• VSA invokes the spectrum analyzer (vsa) only. 

• VSA & VFG invoke both the spectrum analyzer and the function generator (vfg). 

• VSA & VCAP invoke both the spectrum analyzer and the data recorder (vcap). 
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• VTO & VFG invoke both the octave analyzer (vto) and the function generator. Note: VTO 
is an optional software package. 

• SMAP invokes the another spectrum analyzer (smap) capable of displaying real-time 
waterfall maps and intensity maps. This application is designed for the analysis of rotating 
machines. 

• VDA invokes the distortion analyzer (vda) for characterizing harmonic or intermodulation 
distortion in audio systems and circuits. 

• VCAP invokes the data recorder (vcap) only. Prerequisite: vsa must be open first. 

• VFG invokes the function generator (vfg). 

It is important to note that vsa/smap/vto are supersets of the spectrum analyzer and oscilloscope. In 
other words, they will do everything that vos  or vsa does plus a lot more. Why provide vos at all 
if vsa is a superset? The answer is, you might have a limited set of measurement needs that don’t 
involve spectrum analysis. If so, using vos is more straightforward since you won’t be wading 
through unnecessary menu items and extra pushbuttons that might cause confusion or slow you 
down. 

3. The Network menu provides links to network-based analysis tools for measuring frequency 
response functions (transfer functions) and extracting mathematical system models.  

• VNA invokes the dynamic signal analyzer (vna) only. 

• VNA & VFG invoke both the dynamic signal analyzer and the function generator (vfg). 

• VNA & VCAP invokes both vna and the data recorder (vcap). 

• VID invokes the system identification (vid) package for identifying a parametric model of 
your system. 

• VSS invokes the swept-sine analyzer (vss) for measuring your systems frequency response 
function using a stepped narrowband excitation. 

• VCAP invokes the data recorder (vcap) only. Prerequisite: VNA must be open first. 

• VFG invokes the function generator (vfg). 

It is important to note that vna is the superset of  a spectrum analyzer and oscilloscope. In other 
words, it will do everything that vsa or vos does plus a lot more.  

4. The Extras menu provides links to almost everything else that doesn’t fit neatly into one of the 
above categories. There are links to: 
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• VAUTO (at_demo), a software package designed for automated measurements in a 
production environment with little or no human intervention. 

• VID 3D Plot (viddisp), a product of VID demonstrating one of MATLAB’s many 
visualization capabilities. 

• MAT Demo (demo), the MATLAB demo. 

• Arb" Spkr (playdemo), an example program which creates an arbitrary waveform and 
plays it out to output channel 1. If you have a speaker, you will likely recognize these 
sounds from the motion picture, Close Encounters of the Third Kind. If you are interested 
in creating your own arbitrary data files, consult the file arbgen.m and arbout.m 

•  VCA"Spkr (vproc), another example program which opens a VCA file containing voice 
data, low pass filters the data, and outputs the resulting stream to channel 1. If you have a 
speaker, attach it to output channel one. A VCA file is a long record capture file. 

• HWVERIFY (hwverify), a calibration and performance verification package for the SigLab 
hardware. 

5. The Debug menu provides links to SigLab and SCSI debug utilities. These should only be used 
when experiencing PC to SigLab communications problems. 

• SigStat (sigstat), short for SigLab Status, detects the presence of one of more SigLabs and 
their associated configuration information. 

• Download, specifies to download siglab.out to the floating point DSP within SigLab. 

• TestRec (testrec), a SCSI debug utility that tests for the availability of all LUNs (logical 
unit numbers) used in PC to SigLab communications. Make sure that you run this program 
before you do anything else, i.e. don’t run sigstat followed by testrec. 

• Echo On, a command perrogative specifying “echo all subsequent communications between 
PC and SigLab to the MATLAB window”. 

• Echo Off, a command perrogative specifying “cease the echoing of communications 
between PC and SigLab to the MATLAB window”. 
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Starting SigLab from the MATLAB Command Line 
Although you can start SigLab applications with the SigDemo utility, you have more flexibility 
when you start applications from the MATLAB command window. Your advantages from starting 
this way are: 

1. Complete access to all m-files (only a partial set is callable from SigDemo) 
2. Ability to start the application with a specified setup file rather than the “default” 
 

The major SigLab applications are: 

vfg  Function Generator Stimulus for system analysis  
vna  Dynamic Signal Analyzer  Time, spectrum, and network analysis 
vcap Long Record Capture  Utility for vos/vsa/vna - long record capture 
vss  Swept Sine Analyzer  Frequency response using sine excitation 
vid  System Identification Modeling of dynamic systems 
vto        nth Octave Analyzer Fractional octave spectrum analysis 
smap  Spectrum Mapping Non stationary spectrum analysis 
vos  Oscilloscope   Time domain measurements * 
vsa  Spectrum Analyzer  FFT based spectrum analysis * 
uff  Modal Analysis  File conversion utility for modal analysis 
vda Distortion analyzer Harmonic and intermodulation distortion analyzer 
hwverify hardware verification Hardware performance verification  
* note that the functionality of vsa and vos is provided in vna (v3.0+) 

 

To start the function generator from the MATLAB command window, simply type vfg (the fg 
indicating function generator). This invokes the function generator application using the default 
setup file (default.vfg) in the siglab\vfg directory.  

Default setup files for any vxx application will be found in the corresponding siglab\vxx 
subdirectory and they will be named default.vxx . For each vxx application, there should be only 
one default.vxx on the MATLAB path and it should reside in the siglab\vxx directory. The location 
of this file does not depend on the user’s selected working directory.  

When you have a specific startup file in mind, you can save time in starting and initializing the 
application by typing vxx  ? at the MATLAB prompt (where vxx may be vfg, vna, vid  etc.). This 
will open a file dialog initialized to point to your working directory (that you have previously set 
using the vip utility) See vip above. You may then pick the startup file. If none is picked (or if one 
does not exist), the application will not start. For example, here an attempt to start  vna was made, 
but a file was not selected, and the application did not start: 

» vna ? 
no file selected 

 

If you prefer to store your files in corresponding SigLab directories (e.g., all function generator 
files stored in siglab\vfg directory) you can type vxx ?? (2 question marks following vxx) and the 
file dialog will open initialized to the siglab\vxx directory.  However, it is recommended that you 
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create your own directories to store your setup/measurement files and do not store them in SigLab 
directories. SigLab directories can be deleted during installations of new software releases.  

Finally, when you want to start a SigLab application from another program, you can specify an 
explicit file to be opened by providing three input arguments: vxx(‘init’,full_path,file_name). For 
example,  vna(‘init’,’c:\a_robot\’,’arm1.vna’) will attempt to start the vna application with the path 
and file defined as c:\a_robot\arm1.vna .  
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Closing an Application  
Closing an application is handled by the usual Windows objects with one exception. When an 
application is displaying “real-time” measurements, you must stop the measurement in progress, 
before the application can be closed. You do this by clicking on a Stop button or equivalent. When 
the application is idle, close the window(s) by clicking on any one of the “Close Objects” shown. If 
new measurement data has been taken, and the file name is other than, default.vxx, you will be 
prompted to save your measurement before closing.  

 
Figur
e 4-3 
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n will go awry and refuse to close.  You can frequently recover from this situation by typing:  

delete(gcf)  
delete(gcf) 
clear all 

 
in the MATLAB command window.  
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Application Conflicts 
Once an application opens and gains control of the SigLab hardware, others may be locked out 
from starting until the hardware is released.  For instance, both the Dynamic Signal Analyzer and 
the Swept Sine application use the SigLab input subsystem. If the Dynamic Signal Analyzer (vna) 
is active and you attempt to start the Swept Sine (vss) program, the following error messages will 
be posted in the MATLAB command window:  

» vna 
» vss 
Measurement resources are currently used by program: vna.m 
 
To start vss , you must successfully close the Dynamic Signal Analyzer which will free the 
hardware for use by the vss application.  
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Switching Between Windows  
There are two ways to switch between applications: alt-tab 
and the Windows 95 task bar. Applications that use more 
than one window will contain a keyword(s) to aid in 
differentiating between these windows. For instance the 
plotting window in the Dynamic Signal Analyzer (vna) uses 
the key word “plot” in the tool tip that appears when the 
cursor is over the vna button in the task bar. When you use 
the alt-tab method for switching between windows, the key 
word will appear in the description field.  

 

Figure 4-4 Keywords distinguish between windows 

 

Non-standard Windows Controls 
Some of the controls used by SigLab are not standard windows controls. These objects are called 
out below.  

 
Figure 4-5 Non-standard controls 
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Toggle Button 
When a control can assume only two states, (on/off, burst/continuous, AA Filters, On/Off, etc.) a 
button style control is used with its text indicating the current state of the control. Sometimes a 
toggle button also serves as a slider label as in the "Center Frequency" above. 

LEDs 
A simulated LED is often used with a toggle button to indicate the impact of a control state.  

• Green = Typically a safe setup choice. 
• Yellow = Activation of an advanced option. 
• Red = Double check the associated button state to be sure it is really the desired       

           choice. 

Slider/Edit Box 
Clicking on the right or left arrows of a slider will increment or decrement the slider value by a 
convenient amount that depends on the slider value. Clicking on the trough to the right or left of 
the slider changes the slider value by ten times as much as the slider left/right arrows. All slider 
controls have an associated edit box to allow an exact value to be entered. You can actually type in 
expressions to the edit box (yellow field) and they will be evaluated.  

For instance you can type 10000/(2*pi)  (Enter) into the edit box. This expression will be evaluated 
and the numerical result will be returned to the edit box field. If the expression cannot be evaluated 
or is outside the upper and lower limits, the previous edit box value will be restored.  

Cursor and Display Functions  
The ability to easily cursor measurement results and set axis display limits are important user 
interface tools. These operations are standardized across all SigLab applications. 
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Cursor Controls  
Controls for the cursor will typically be found in a small group near the axis to which they are 
related. Each of the seven objects in the cursor controls group (including the X and Y labels) is 
activated by the mouse.  

Figure 4-6 Cursor Controls 

 

Cursor Operation (no expansion box visible) 
With just the cursor visible (as in the above graphic), cursor operation is as follows: 
• Left click in the plot window near the measurement trace. The cursor will jump to the line at 

the x-axis value where clicked. This line is now selected for x-y readout, peak/valley finding, 
or for establishing a reference during delta x/y measurements. 

• Left click and drag. The cursor will track on the line while the x-y readout updates. The color 
of the readout will change to the color of the line if the application supports plotting more than 
one line in an axis.  

• If you are plotting multiple measurements on one axis, clicking on the Channel annotation will 
bring the associated trace to the “top,” making it easier to see and to select with the cursor.  

Cursor controls 

Cursor  (+) 

Peak search 

Valley search 

Mark (dx, dy) 

X readout 

Y readout 

X label 

Y label 

Channel annotation  



Cursor and Display Functions  Section 4.0 Common Elements of the VIs 

4-14 Spectral Dynamics, Inc. SigLab User Guide 
 08/09/01S2022D1/A 

• Typing a value into the X readout field will send the cursor to this x coordinate and the cursor 
will move to the corresponding Y value if the plot is a function (not a relation).  

Peak and Valley Finding 
Peaks and valleys in your measurement are easy to find. 
 
• Successive clicks on the Peak button “^”find peaks in descending order on the selected line.  

• Successive clicks on the Valley button “v” find valleys in ascending order. 

• Manually dragging the cursor 
will reset both the peak and 
valley searches. 

• Peaks and valleys are searched 
over the X-axis display limits 
shown, not the entire 
measurement data set.  

Relative Measurements 
It is often desirable to make 
relative measurements. The Mark 
feature can be used for this 
purpose. Relative measurements 
may be made with respect to one 
measurement trace.      

• Select the point on the 
measurement where you want to place the Mark by manually moving the cursor or using the 
peak-valley buttons.  

• Click on the Mark button to set the Marker at the current cursor position. Two new readouts for 
relative dx and dy will also appear. 

• Move the cursor either manually or with the peak-valley buttons. The cursor X and Y values 
will update along with the relative dx and dy values. 

• Click on the Mark button to toggle the relative measurement mode off when you are finished.  

The graph shows the cursor to be at 925 Hz and –16.88 23dB which is 625 Hz and 1.4 dB below 
the marked point.  

dx,dy relative  
to Marker  

Cursor Marker 

Cursor x, y 
values 
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Setting Axis Limits 
Normally, when you change the selection of a measurement function or display units, the axis 
limits are set to computed default values. Although these values usually result in a reasonable 
display, you may want to fine-tune these axis limits.  

Explicit Limits 
You can enter, via the keyboard, 
exactly the display limits you want. 

• Click on the Y label (y:) and X 
label (x:) to open edit fields for 
axis limit entry. Note: the mouse 
“sweet spot” for these objects is 
rather small, especially when they 
are close to the window border. 
When these fields are initially 
opened, the current axis limits will 
be displayed.  

• Enter your desired limits in the edit 
fields. If the limits are less than the 
current limits, lines will be drawn 
showing you the extents of your 
new limits.  

• To activate the new limits you may 
either left click on an x: or y: label 
or, left click anywhere inside the 
axis area.  

• You can abort setting the limits, by 
right clicking anywhere inside the 
axis.  

                                                                                                         Figure 4-7 Setting Display Limits 

Click on the x: and y: labels to enter 
explicit axis limits. 

Box shows 
new limits 

new axis 
limits  
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Auto-Scaling (using x: y: labels) 
Auto-scaling allows you see all the measurement data in the axis. You can choose between two 
methods to auto-scale. One 
method is: 

• You right click on the y: 
label to auto-scale the Y-
axis only. You must have 
the cursor on a line or an 
error dialog will be posted. 
If you have multiple traces 
in one axis, the auto-scale 
operation will use the 
measurement data of the 
line selected with the cursor 
to determine the display 
limits.  

• The upper graphic shows 
that the cursor is on the 
green line (channel 2). A 
right click on the y: label 
produces the lower graphic. 
The same technique can be 
used for the X-axis.   Figure 4-8 Auto-Scaling using x/y labels 

Auto-Scaling (right click inside axis) 
As axis scales are changed by the cursor, up to four of the previous scale selections are 
remembered in a list. You can right click inside the axis area to circulate through this list. When 
you hear a “beep,” it indicates that you have hit the scale selection originally set by the software. If 
you right click once more, both the X and Y-axis limits will be auto-scaled. As before, the scale 
limits will be determined by which line the cursor is currently on. If you have turned a trace off, it 
is important to select one of the remaining visible traces or the auto-scaling results will be based on 
an invisible line. 

Cursor on 
green trace 

A right click auto-
scales Y 
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Expansion Box  
Using a graphical expansion box is one of the quickest and easiest methods to select axis limits. 
When you combine this technique with the previously described auto-scale operations, you can 
focus in very quickly on measurement results of interest.  
 

• Select a point that you want 
to serve as one set of axis 
limits (x1,y1) and left 
double-click. While the left 
mouse-button is still 
depressed, drag the mouse to 
a second point (x2,y2) to set 
the opposite set of axis 
limits. When the second set 
of limits has been 
established, release the 
mouse button.  

•  If you do not like the limits 
shown by the expansion box 
you can either single right 
click in the axis to abort the 
expansion process, or, edit 
the limits by typing into the 
x: and y: fields.  

• A single left click inside the axis will execute the expansion.  

 

Left double click … 

And drag 

Single left click to expand  
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Hardcopy 
There are many ways to get a hardcopy of your measurement results. Options range from simple, 
but effective, screen captures (this is how > %90 of the graphics entered this document!) to 
sophisticated post-processing and custom formatting with MATLAB.  

Screen Captures using the Keyboard 
The keyboard PrintScrn key can be used to capture an application window or the entire display 
screen. There are two methods of using this key for screen capture: 

1. Alt-PrintScrn will move a copy of the currently active window (and only one window) to the 
clipboard. You can then insert this capture into other applications. Many of the figures in this 
manual were inserted using this method. However, one side effect of using the Alt key is that it 
will close any menu pick lists that are open, which may not be desirable in all cases (for 
example, when creating a manual). 

2. PrintScrn will copy the entire screen to the clipboard. You can then crop and scale this image 
using the paintbrush application or graphics editor of your choice. Menus are not closed when 
this method is used, and multiple application windows can be captured. 

The downside of directly inserting bitmaps into documents is that they are extraordinary storage 
hogs. If you only have a few graphics, this may be tolerable. When you have numerous bitmaps, 
the size of your document can get out of hand quickly. A more efficient bitmap storage format is 
the Tagged Image Format or TIF file. With a third-party graphics editor (e.g. Paint Shop Pro) you 
can save images in this format. The sequence is: 

• Capture the image with Alt-PrintScrn or PrintScrn to the clipboard 
• Paste it into PSP (Edit –Paste-As New Image) 
• Cut or crop in PSP as desired 
• Save the image to a file using TIF format 
• Use the Word - Insert – Picture from File - menu to insert the TIF file into your document 
• Resize and format as required in the document 
 

Admittedly, this sequence is longer the simple “paste” operation, but the storage economy may be 
worth the effort. You also gain the additional benefit of having the TIF files for reuse elsewhere or 
in your current document should it get corrupted…. which can and does happen!  
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The Hardcopy Dialog  
Most SigLab applications support the hardcopy dialog. Each application will describe how this 
dialog is accessed. It comes up as shown below. You use the Format popup to select from one of 
the seven-hardcopy formats supported. The selection of a format will, in general, affect the 
selections available by the 
other controls.  

The color and B and W radio 
buttons allow you to choose a 
color or black and white 
hardcopy. The destination of the 
hardcopy is selected by the 
Destination radio buttons.  

 

     Figure 4-9 Hardcopy dialog 

Each hardcopy format is discussed below. The format selections marked with one to three asterisks 
are the most useful.  

WinMeta  *** 
When you need clean, high-quality plots in your reports or presentations, with no other objects, the 
Windows Meta File format is hard to beat. The plot below was generated by selecting the Color, 
WinMeta, and Clipboard options. The graphic was simply pasted into this document and the left 
edge cropped with the MSWord  “cropping tool” found on the “picture” toolbar.   
 

 

 

The most significant advantage 
of the MetaFile format is that 
you can scale it and not lose 
the graphic quality.  

 

Format Destination 

Cropping tool 
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Bit Map * 
Although the Hardcopy Dialog includes the bitmap option, it has no real advantage over the 
keyboard Alt-PrintScrn or PrintScrn screen captures.  

HPGL  
This mode will create a file of HPGL commands that can be used to drive a plotter. Although some 
graphics programs can import this format, usually the Metafile format will be preferable. Word 97 
does not appear to be capable of importing HPGL.  

LaserJet IIp * 
The IIp format used the lowest common denominator of Printer Command Language (PCL). If you 
have a PCL compatible printer attached to your computer, you can print directly to it. (See the 
following Windows format selection ).This format will only work if you have elected to install the 
GhostScript drivers as part of your MATLAB installation. If GhostScript support is not present, 
when you try this print format, errors will be posted in the MATLAB command window.  

Post Script * 
The Post Script selection supports both color and black and white rendering to a file. The default 
file extension is ps.  

Encapsulated Post Script * 
While Word 97 will support the insertion of Encapsulated PostScript graphics files, it should be 
noted that you will not be able to edit the graphics the way you can the metafile and bit map 
formats. Also, Word will not display the graph on the screen, but will instead display a bounding 
box the size of the graphic labeled with the filename and date it was created. Do not fear, if you 
have a PostScript printer, when the file is printed the appropriate graph will be generated. The 
default file extension is eps.  

Windows *** 
The Windows selection will print directly to the printer that is installed as the default Windows 
printer. It supports both color and black and white rendering. This is the preferred method for 
printing directly to a device. 

Default System Settings 
The settings you choose for your computer system can have a large impact on how the SigLab 
screens look and behave. The screen shown below is accessed in Windows 95/98 through: 

 Start -> Settings -> Control Panel -> Display -> Settings 
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General guidelines are as 
follows: 

• Choose the most resolution 
that your graphics subsystem 
(and eyes) can handle. 
Although all SigLab 
applications can be run with 
640x480 resolution, 
1024x768 (or better) is 
optimal.  

• If you are short on memory 
(16 MB is really the bare 
minimum for Windows 95) 
try the 256-color mode. Be 
advised the smap application 
will not look good and you 
will get screen flashing and 
strange colors when you 
switch between windows.  

• When memory is not a 
problem, the High Color  
(16-bit) selection is a good 
compromise between performance and memory. Newer graphics adapters may work as well 
with the 32-bit color mode.  

• If your display resolution is 1024x768 or greater, the Small Fonts selection is recommended.   
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Color Scheme Selection 
Since color selections are purely a matter of personal taste, a utility called vicolor is provided 
which you can invoke from the MATLAB command window. With this utility, you can define the 
color of almost every object used in SigLab applications.  

 
Figure 4-10 Vicolor selection window 

SigLab is shipped with a set of eight predefined color schemes, and the default scheme is the first 
in the list (vi_color.1). Selecting one of these schemes is a good place to start. When you find one 
to your liking, you can “fine tune” it by clicking on the Color menu. When you are done tuning, 
click on the Use Scheme button. Clicking on the Use Scheme button saves the colors chosen for the 
various objects to the file vicolor.mat in the siglab\vcom directory. This file is read by each VI 
when it is started, so the changes do not take effect until the VIs are restarted. You can name your 
scheme by editing the Scheme Name edit field.  

Each time vicolor is started, it starts with the colors in vicolor.mat, which will get overwritten 
when you install a new version of SigLab software. So, if you really like your selection, choose the 
Save Scheme menu and save you creation to one of the color schemes beyond number 8. The name 
you have chosen will appear in the parenthesis next to the file name when vicolor is run again.  

By the way, the color scheme shown above is a slight variation of the “Bright Colors” scheme. The 
Trace 1 and Trace 2 colors are reversed in the shipping version.  

Predefined 
Schemes 

Name that 
scheme! 
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Font Selection 
A secondary function of the vicolor utility is the selection of fonts for SigLab controls. 
Unfortunately not one, but three settings, affect the appearance of SigLab controls: 

• Screen resolution (link back to default system settings ) 

• System font size selection (Large or Small) (link back to default system settings ) 

• Font style, weight, and size selection (done with vicolor) 

The UIcontrol font menu in vicolor provides a selection of 3 fonts, one or more of which will 
usually provide good results.  You can adjust the size and weights of these three fonts over limited 
ranges.  

By clicking on the More fonts menu, the Font dialog is opened and 
you can then select from the bewildering array of fonts provided with 
the Windows operating system.  

 The fonts selection used in this 
section of the manual was MS 
sans serif, bold, 9 point. This 
font works very well with 
1024x768 resolution and small 
system fonts.  

Viewing files without 
SigLab 
It is often desirable to view 
SigLab measurement files on a 
computer that does not have 
SigLab attached. You can do this 
if both the SigLab software and 
MATLAB software are properly 
installed on your computer. You 
start your application as 
suggested in the Starting SigLab Applications section above.  Start the applications with the default 
setup files or a specific setup file as described above.  When an application is started (by the 
MATLAB command line or SigDemo), and SigLab hardware is not detected, the application will 
default to the maximum number of channels that can be accommodated (16 as of this writing).  
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Dynamic Device Under Test 
SigLab is provided with a dynamic Device Under Test (DUT) to support the examples in the 
following sections of the manual. The DUT consists of two transducers (actually dynamic 
microphones) acoustically coupled by a short length of PVC pipe. This simple physical system has 
a complex behavior and makes an interesting test article to show off some of SigLab's 
measurement capabilities. You do not need any batteries to power the DUT and it is symmetrical 
so you can’t hook it up backwards. However, be prepared to answer questions if you decide to pack 
this along in your luggage through an airport!  

The connection scheme required for most of the measurement examples is shown to the right.  
SigLab’s output generator 
channel 1 is used to drive 
one side of the DUT. This 
excitation is monitored by 
input channel 1. The 
response of the DUT is 
measured by input channel 
2.  

 
The following accessories 
are supplied and may be 
used to connect the DUT to 
SigLab: 

•  3 BNC to RCA 
adapters (Inputs 1&2 
and Output 1). 

•  RCA Y cable. 

•  Dual RCA to RCA cable. 
 

A typical DUT frequency response is 
shown to the right. Your DUT will 
probably not closely match this response since 
we do not tightly control the parameters of 
these devices. 

 

    Figure 4-11 Sample Device Under Test (DUT) 

RCA Y cable 

Use RCA to BNC adapters (3) 
Input 1 connected to  
Output 1 & DUT input 

DUT input 
DUT Output 

Input 2 connected to  
DUT output 
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Report Generation with Excel 
The SigLab applications provide an easy-to-use interface to Microsoft Excel. After making 
measurements, you can quickly create a report file that includes your measurement parameters, 
acquired data, and plots. Excel's charting tools allow you to modify the plots many ways without 
memorizing command line arguments. Simply click on the plot item that you want to modify. This 
section assumes you are using an Office 97 version of Excel for Windows 95/NT/98. 

Installation 
During the SigLab software installation, you were asked if you wanted to copy SigLab's Excel 
macros and charting templates to the Excel autostart directory.  

If you answered Yes, then two files were copied into your Excel path:  

1. c:\Program Files\MSOffice\Office\XLStart\aplot.xls – the macro that formats and plots the 
data 

2. c:\Program Files\MSOffice\Office\xl5usrgal.xls - charting templates customized for the 
different measurement types, time, spectrum, transfer function, octave, etc. 

 

The previous versions of these two files were backed up using the .old extension in the same 
directory. 

If you answered No, the two files were not copied onto your Excel path but still exist in the 
siglab\vbin directory. 

Using Excel plotting utility 
The Excel plotting utility is accessible via the File/Export menu in the following apps: vsa, vna, 
vto, vss, vid, and vos. 

1. Select Export under the File menu. 
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2. Select the data type (time, spectrum, etc) you would like to export to Excel. 

3. Click on the Send to Excel button. 

4. Excel will open and your data type will be listed both in tabular format and as an Excel 2-D 
chart. The 2-D chart has been customized via the aplot.xls and xl5usrgal.xls files. You can 
customize these files to meet your specific needs. For help on doing this, consult your 
Microsoft Excel documentation. 

The SaveAs to Text selection saves the acquired data along with some setup information to a text 
file. You are given an opportunity to choose the file name of the resulting text file.  

The Send to Excel selection performs a "SaveAs to Text" operation and then opens Excel for 
automatic report generation. Try using this selection with one of your data files. Excel will open 
automatically. Notice you are now free to double-click on the chart and change whatever 
parameters you wish including the data itself. 
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EXCEL Macros and Templates: A Quick Look 
The chart sheets within XL5USRGAL.XLS workbook are called Excel templates. The Excel 
macro APLOT.XLS uses these templates to format the charts it creates. The templates can be 
edited at any time using the chart editing tools. If you plan to use the Excel plotting utility it’s a 
good idea to become familiar with macro and template concepts by following the steps outlined 
below. 

1. Open Excel. By putting APLOT.XLS in the XLSTART directory, APLOT.XLS opens every 
time Excel is opened. Since APLOT.XLS is a hidden macro you should see no reference to it 
on the Excel screen.  

2. To view APLOT.XLS, select Tools/Macro/Visual Basic Editor. In the Project area, select 
Module1 under APLOT.XLS/Modules. The macro code will appear in the VB editor window.  

 

3. All the lines that begin with a single quote are comments. The code is written in Visual Basic 
Application script and is divided into four major sections.  

a. The first subroutine is called InitTest( ). It examines the current worksheet to see if it meets 
the report-generation format requirement. If it does, the macro goes to the second 
subroutine. If not, the macro quits.  
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b. The second subroutine is called PickPlot( ). It interprets which type of data is present in the 
current workspace. The valid data types are: 

 
Data type  Plotting routine 

vos (oscilloscope) data voschart( )  

vsa (spectrum analyzer) data   vsachart( )  

vna (network analyzer) data xferchart( ) 

vto (octave analyzser) data vtochart() 

vss (swept-sine analyzer) data  xferchart( ) 

vid (system identification) data  vidchart( )  

c. The next section actually plots the data using the charting templates in XLUSRGAL.XLS 
by executing one of the five plotting routines listed above. 

d. The next subroutine is called DoTable( ). It formats the data in the Excel worksheet to give 
a nicer look to your report.  

5. Now open the file XL5USRGAL.XLS. This file contains no Visual Basic code, only charting 
templates. Notice there are a number of charting tabs on the bottom of the screen including 
name like vos1, vsa1, and xfer1. 

 
Click on each of these for a closer look. These templates are a good starting point, but you can 
change any feature of these plots via point and click. If you want to make any of these changes 
permanent, remember to save before exiting. 

5. The macro APLOT.XLS uses templates in XL5USRGAL.XLS on the lines containing: 
ActiveChart.AutoFormat xlCustom, "vos1"  (in voschart routine)  

ActiveChart.AutoFormat xlCustom, "vsa2"  (in vsachart routine)  

ActiveChart.AutoFormat xlCustom, "xfer1" (in xferchart routine) 

ActiveChart.AutoFormat xlCustom, "vid1". (in vidchart routine)  

 

The "vos1", "vsa2", "xfer1", and "vid1" refer to the charting templates in XL5USRGAL.XLS, 
providing the link between APLOT.XLS and XL5USRGAL.XLS. Although formatting 
information may be written into the Visual Basic macro, autoformatting using templates is used 
because it is both quicker to execute and more intuitive to modify. 

A Few Notes of Caution  
If you are using logarithmic plots, make certain that the value "0" does not occur in the x-axis data 
set. If it does, then modify it slightly. Excel generates an error message because it can't compute the 
log of zero (negative infinity!). 
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Each time you export to Excel, you are starting a new Excel session. To avoid saturating your 
computers resources with simultaneous Excel sessions, you may want to close the current Excel 
session before exporting to Excel again. 

When you are using Excel to plot many different measurements, the Send to Excel selection may 
not be the fastest way. Instead, save your results using the Save As to Text File selection. When 
you are done with your measurements, open Excel (from Windows). From Excel, open the text 
files saved earlier. APLOT.XLS will be invoked automatically to chart and format the data as 
specified in the templates. 

Every time you SaveAs to Text or Send to Excel the file TOEXCEL.M (in the siglab\vcom 
directory) is invoked. You can customize this M-file to suit your needs. 
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About 
The About information dialog is found under the Help menu in most applications. This dialog 
provides important information about the configuration of your system should technical support be 
required.  

If more than one SigLab is connected to the host computer, information pertaining to each one can 
be retrieved with the SigLab Module selection popup.  
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Help on Help 
You can get help or technical support from the following sources: 

1.  Printed Manuals 

2.  Spectral Dynamics Website: Technical Support center for: 

• Technical Support tips 
• FAQs,  
• Free downloads and software upgrades: 

 SigLab Signal Processing application tutorial 

      Dynamic Signal Analysis tutorial 

      Download SigLab application notes in PDF format 

3.  Call or email us: 

Ph: 408/918-2500 

Email: siglabsupport@sd-star.com 

4.  Online Manuals in Adobe PDF format for online review or printing. 

 
SigLab Tutorial-getting started  Modal Analysis file conversion 
SigLab Hardware Swept Sine vss 
Common Elements of all the VI s System Identification vid 
Dynamic Signal Analyzer (vna) Spectral Mapping – Order Tracking 

smap 
Function Generator vfg Oscilloscope and Spectrum Analyzer 

vos/vsa 
 

Programming Guides  

SigLab Programming Tutorial SigLab Function and Data Format 
reference  

 
 
Note: these manuals are all accessible from the Help menus within the measurement applications.  
They are also keyword searchable within your Adobe PDF Reader software. 

http://www.spectraldynamics.com/support.htm/
mailto:siglabsupport@sd-star.com
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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 measurements were vos, vsa and vna 
respectively. With the release of SigLab v3.0, vna has evolved to include all of the 
measurement applications one would expect in a dynamic signal analyzer. In combination 
with virtual function generator, vfg, this dynamic signal analyzer (still referred to as vna) 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  

vna performs the following measurements: 

Time Histories 

his is the most basic measurement made by SigLab. 
The vna 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 range, 
SigLab excels at spectrum analysis. The  
vna software supports 12 different y-axis unit 
selections (dB, rms, rms/Hz etc.) plus optional single 
or double integration and differentiation.   
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Transfer Function 

vna is optimized to make transfer function 
measurements quickly and accurately. You can 
choose to have the excitation to the device under 
test (DUT) be automatically optimized. Features 
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 quality of 
the transfer function measurement. Coherence 
measures the power from the DUT channel that is 
caused by the power in the excitation to the DUT. 
Both coherence and transfer function are  
displayed simultaneously and in “real-time”. 
 

Cross Spectrum 

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

 

 

Cross Correlation 

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

 
 
 

 

 

 

 



Section 5.0 Dynamic Signal Analyzer  vna Measurements 

Spectral Dynamics, Inc. SigLab User Guide 5 - 3 
10/28/02S2022D1/A 
 

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 systems. 

 
 

Impulse Response 

The impulse response is computed by taking the 
inverse Fourier transform of the transfer function.  
 
 
 
 
 
 

FFT  

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

Measurement Setup Window 

 
The vna application 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.  
 

Menu bar

Channel setup

Frequency range

Processing

Triggering
or

Excitation

 
 
 

 
Figure 5-1 Measurement Setup Window 
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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 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

Figure 5-2 Plot Window 

Upper axis 

Lower axis 

Cursor 
controls  

Measurement function controls  

Run, no averaging  
Run, with averaging measurement  

Menu bar 

Channel status (overload = red) measurement  

Full path and file name  
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DUT Connection 

This guide will include numerous measurement examples using the acoustic tube supplied 
with SigLab. Unless otherwise stated, it will be connected as described in the Device Under 
Test (Section 4.0). 
 

Starting vna  

You may start vna with either SigDemo (See Section 4) by typing vna in the MATLAB® 
command window. When vna is typed at the MATLAB prompt, the application loads with the 
setup conditions stored in the default.vna file. Windows similar to the previous Measurement 
Setup and Measurement Plotting windows will appear.   
 

&&NOTE 
The vna application uses both the input and output subsystems of SigLab and will not 
start if any other application (with the exception of the vfg) is active. Other applications 
must be terminated for vna to run. See Common Ground, Application Conflicts. 

Setup Window Details 

First, the Menu Bar Selections are described below. Then the operation of each of the control 
groups is explained. 

Excitation Menu 

The SigLab hardware contains a flexible, high quality, output subsystem that may be used as 
excitation of the DUT for a variety of measurements. When the vna application is invoked, it 
takes control of this output subsystem.  

vna can make many measurements including transfer function and coherence. When the vna 
is used to make transfer function measurements, the output subsystem is often used to 
provide the excitation energy to the DUT either directly, or by driving a power amplifier and 
shaker.  It can be a challenge, especially to new users, to properly set up the excitation signal 
parameters with the analysis window and triggering parameters. To simplify this setup 
process, vna provides the “Linked” mode where the excitation signal parameters are linked to 
the measurement parameters.  
 

&& NOTE 
While in this linked mode, the SigLab output channel one cannot be controlled by the 
function generator (vfg) application. 
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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.  

 
The “independent” mode is used for virtually all other measurement conditions. When you 
select this mode, the function generator (vfg) 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).   

Excitation “Independent” Excitation “Linked” 
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vfg Menu 

When you select this menu pick, the vfg will open or, if 
vfg is already open, the focus will be transferred to the 
vfg window.  

 
 

 

File Menu 

The file menu contains the submenus shown to the right.  
The first four submenus pertain to common file 
operations.  

 

All vna files end with vna. as 
the extension. These files 
contain both measurement 
setup state and measurement 
results.  

Selecting the Open submenu 
opens the Open File dialog as 
shown. Selecting a file from 
the list causes the following 
four actions: 

1. Reposition the setup and 
plot display windows to 
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 the Save submenu causes the control state and measurement results to be saved 
to the file that is currently open.  
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&&NOTE  
The measurement functions to be stored are determined by the setting in the plot window 
File Storage dialog. (See File Storage Dialog)  

The SaveAs choice opens a modal dialog that is similar to the File Open dialog previously 
described. You can enter a new file name and/or select a new path.  If a file is picked from 
the list, it will be overwritten with the new control state and measurement information. It is 
highly recommended that you save vna files with the vna extension. If you specify only the 
file name, the vna extension will automatically be assigned. 

When vna is invoked with no input arguments, it loads the setup stored in the default.vna file 
from the \siglab\vna directory. When you choose the Save to Default menu pick, this file will 
be overwritten with the current measurement setup state and measurement data.  

The Export selection is covered in the Link to Excel section of the manual (Section 4). This 
allows SigLab measurements to be exported to Excel for post-processing or presentation in 
that environment.  

The SaveAs to ME’scope selection invokes the ME’scope file conversion Utility which 
facilitates moving SigLab measurements to the ME’scope analysis package (Section 7.0).  

The Print to Clipboard menu makes a copy of the Setup Window and places it in the 
clipboard. An alternative method to do this is to 
use the alt-print screen keys.  

It is often desirable to attach a note about test 
conditions to a measurement file. The Notes 
submenu activates a modal dialog box for note 
entry. 

The notes box is shown to the right. If you saved 
your file before adding any notes, simply add 
your notes and re-save the file.  

Highlighting, copying, pasting, and scrolling are 
supported within the notes text box.  

The vcap menu invokes the long record capture software. With this auxiliary application, 
long data records can be captured to SigLab memory or to hard disk for subsequent analysis. 
See the vcap tutorial in Section 2.0 for details. 

The Power Down (Standby) menu selection is used to manually reduce the power 
consumption when measurements are not being made. The power is reapplied to the analog 
and signal processing hardware when this menu is selected again (the check mark will 
disappear) or when a measurement is started using the Inst or Avg buttons.  
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&&Note 
It is prudent to reapply power at least10 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 the vna application. If the setup file was not the 
default.vna file 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.  

Figure 5-3 Channel Setup Control 

Select 

The Select popup 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 with the Enable button. When you activate a 
channel, a green “LED” indicates that the channel is enabled and measurement data will be 
acquired by this channel when the Inst or Avg button is pushed in the Plot Window. When 

 Select  
Full Scale (V) 

DC Offset 

Enable 

Coupling 

Label 
Eng. Unit Label 

0dB Value  
Eng. Unit Value 

Eng. Unit On/Off 
Offset 
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you deactivate the selected channel, the LED turns red.  Typically, you should enable only 
the channels on which measurements will be made. In vna, channel one is always enabled 
and cannot be disabled.  

Full Scale 

The channel Full Scale voltage 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 the Coupling popup to select between AC or DC input coupling. If the bias source 
option has been installed, the Bias option is also visible. When you select Bias, an ICP® 
compatible 4mA source is activated to power ICP-style transducers. See the ICP Bias Option 
section for more information. 

DC Offset 

The DC Offset control 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 channel in the Labels field. This 
information is used in the vna plot window for graph labeling.  

Engineering Unit On/Off 

The Engineering Unit On/Off button 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 Value field is visible when you select Engineering Units On. You 
enter the specific conversion factor here. The entry is in units 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/g) 
yielding 40 g/volt. Simply type 1/0.025 (Enter) in the field to invert the conversion factor.  
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The Engineering Unit Label field displays 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 
quantities are related to power. 

It is calculated by: dB
P
P

= 10 1

0

* log( ) . Since power is proportional to the square of voltage, 

decibels can also be expressed as  dB
V
V

V
V

= =10 201
2

0
2

1

0

* log( ) * log( )   where the voltages are 

expressed as root-mean-square values.  It is clear from both of these equations that dB = 0  
when P P1 0= or V V1 0=  . 

Therefore P0 , or V0 , may be considered as reference levels. For instance if  we are talking in 
terms of dBm (dB milliwatts) we are saying that P0 0 001= .  watt. If  we are talking of 
dBVrms or dBV for short  (decibels with respect to 1 volt rms), we are saying that 
V0 1= Vrms.  

The point is that the reference level must be specified before 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.  

The 0 dB Reference field allows you to 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 0 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 0 dB allows you to 
calibrate the graph to easily make measurements of other peaks with respect to this one.   

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

dBref = =−10 0 213 9788 20. / .  or in MATLAB notation: dBref=10^((-13.9788)/20) = 0.200.  

Therefore, for this example, 0.2Vrms would be the 0 dB value.  

A shortcut function called sz  (for “set zero”) is provided to make this easy. Simply type: 

 sz(-13.9788)  
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into the zero dB field, and the sz function will return the proper value(V0 0 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 
µbar 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 µbar. Here is where 
the Engineering Units (EUs) come in. Assume, for this example, the microphone produces 5 
mV/µbar.  To enter the appropriate Engineering Units the numeric entry would be 1/0.005  ( 
= 200) with an Engineering Unit Label of µbar.  

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

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*log10(p/2e-4)   therefore 

p = 2e-4*(10^(L/20)) = 100.2374 µbar  = 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 µbar 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 a MATLAB routine called calmic.m that returns an 
adjusted engineering unit. Typing help calmic at the MATLAB prompt returns: 

» help calmic 
 
 function calmic(nominal_cal_factor,dBmeasured,dBSPLref) 
  
   Inputs to calmic 
   nominal_cal_factor: An initial 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 initial engineering unit factor. 
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   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 example calmic is 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. 

 

Figure 5-4 MC Channel Setup Control 

Channel Enable EU Scale 

Track Channel 2  Apply Settings  
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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.  

By checking the Set Ch 2 thru …  check box, you can automatically 
cause any changes made to channel 2 to be made to all channels 
beyond 2.  

Until the Apply pushbutton is pushed, the changes in the various 
entries will have no affect. The Undo button can be used to restore 
the initial state of the controls until the Apply pushbutton is pushed.  

The Multi-Channel PreView button launches the multi-channel 
preview window.  

The Save As button opens the Save As dialog box.  

Frequency Controls 

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

 

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, the BW Selection popup 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.  

&&NOTE  
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 BW and Record 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 Band (Zoom 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. With Zoom on (upper right graphic), the 
maximum record length is 4096 points. The Center Freq slider 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 displayed in the Frng: 
lower – upper readout.  

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, the vna 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 measurements, the excitation should excite the DUT over the 
desired analysis bandwidth but not beyond this frequency range. The chirp and band-limited 
random are the most popular choices for accomplishing this task. You select either the Chirp 
or Random excitation from the Excitation Select menu.  

Output On/Off 

Until a measurement is started by pushing the Inst or Avg buttons, excitation is Off as shown 
by the Output On/Off pushbutton.  This button may be toggled to the On state to check the 
excitation level to the DUT.  

 

As the Frequency Controls 
(described in the previous section) 
are changed, the excitation signal 
is automatically adjusted to track 
these changes. This considerably 
simplifies transfer function 
measurements since you do not 
need to be concerned about the 
detailed parameters of the 
excitation.   

   Figure 5-6 Excitation Control 

When you want more control over the DUT excitation parameters, (e.g., to measure 
distortion, or time domain responses), you use the vfg control the excitation as described in 
the Excitation Menu section. 

For more information on the measurement of transfer functions please refer to the application 
note: Estimating Transfer Functions with SigLab (included in the appendix). 

Output Level  

The Output Level slider sets the output drive level in volts rms. If the proper drive level to the 
DUT is not known, it is prudent to start with a small level.  The peak level for Random can 
easily be 4 times the rms setting. It is only approximately 1.414 times the rms level for the 
Chirp selection.  
 

Output Offset 

A dc offset can be added to the output signal with the Output Offset slider. This offset is 
present regardless of whether the output is on or off.  
 
 

Output On/Off  

Output Level  

dc Offset 

Excitation Select  
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Triggering Controls 

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

Trigger Mode 

The trigger Mode popup allows you to selection one of five triggering modes: 
 
• 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.  
• Every Frame: wait 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.  

• 1st Frame: waits for a single trigger event, then subsequent acquisition is free-running.  
• Manual Arm: Will not detect a trigger event until the Arm Button is pushed and the Arm 

LED turns green (see graphic below). The trigger must be re-armed after each input 
record. 

• 1st-Manual Arm: Will not detect a trigger event until the Arm Button is pushed and the 
Arm LED turns green (see graphic below). The trigger need only be armed once since, 
after the first trigger event, the acquisition is free-running.  

 
Figure 5-7 Trigger Setup Control 
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Trigger Source 

The trigger Source popup selects the signal to be monitored for a trigger event. There are 
three source categories to choose from:  
1. input channels (Ch1…ChN, analog) 
2. output channels (Out1 … OutM, digital) 
3. External (Ext, digital).  
 
Input Channel as Trigger Source 
When an input channel is selected as the trigger source, the Threshold, Slope, and Filter 
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 
62% and the full-scale 
range is 10 volts. This 
puts the trigger level at 
6.2 volts as indicated by 
the top bold horizontal 
line. For a positive slope 
selection, the hysteresis 
level is always 9% of 
full scale less than the 
threshold. This would be 
at approximately 5.3 
volts as shown by the 
broken line.  
 
With a positive slope 
selection, for a trigger 
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. 

C h a n n e l  1 :Vo l ts

tr ig g e r  t h r e s h o ld

h y s t e r e s i s  l e v e l
for  + s lo p e
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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 a negative slope selection, the hysteresis level is above the 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 eliminates the slope, threshold, and 
filter controls required to set up triggering on an analog signal. Whenever you use vfg to 
generate the DUT excitation, Output Channel is, 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 labeled as –mb_trigger. 
This pin is actually both input and an output. When external triggering 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 to –mb_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) 
 
When external triggering is not selected, the –mb_trigger pin is a trigger output and therefore 
should not be electrically driven or loaded by 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 
 
The NoFilt 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 the NoFilt selection since this is the foolproof choice.  
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The HfRej selection 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 

The trigger delay slider 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 set the averaging mode and averaging parameters, select 
the analysis window, and specify record overlap and zero-padding, which is used for 
correlation measurements.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5-8 Processing Control 
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Averaging Modes  

The vna application 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 average Yn is actually calculated 
recursively as shown below. It is equivalent to a simple summation of the inputs Xn to the 

averaging process where the n represents the nth input to averaging process.  
 
 
The Expon(ential) mode 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:  
 

 
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: 

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

 
The Adaptive mode 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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Time domain 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. 
For example, the auto-correlation of a 
sine wave of 1.0 Vrms is a cosine 

function with 1 V2 rms peaks.  This is 
shown on the right in the upper axis. 
A rectangular window was used. Note 
the affect of zero padding is to wipe 
out one half of the time history with 
zeros.  

 
The graph to the left shows the 
same auto-correlation with the 
exception that zero padding is 
not on. Note the severe error in 
the auto correlation function 

where it exceeds 30 V2 rms.  
Thus, zero padding is required 
for correlation measurements. To 
avoid errors in all other 
measurements, it must be        
disabled.  

 
 
 
 

Overload and Double Hit Reject 

The Overload and Double Hit Reject popup 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 

The overlap processing selection menu provides three choices: none, 50%, and maximum 
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 
Independent, you 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 plotted 
using the red markers. Changing 
the window selection will not 
update the plot of the window 
until a new measurement is 
made.  
 
A detailed tutorial on windows 
can be found online at: 
www.spectraldynamics.com/sup
port.htm  
 

  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. 
 



Plot Window Details Section 5.0 Dynamic Signal Analyzer 

5 - 26 Spectral Dynamics, Inc. SigLab User Guide
 10/28/02S2022D1/A 

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) 

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 
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Plot Window Menu Bar 

Use the Setup or MC Setup selection to open or transfer focus to these windows, which were 
described in the previous section. The Cross Channel, Preview and File Storage selections 
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. 

 

 
 

 
 
 
 
 
 
 

 

 

 

Cross Channel Menu 

SigLab’s multi-channel measurements support up 
to four reference channels for cross channel 
functions such as transfer function and cross 
spectrum. Clicking on the Cross Channel menu 
opens the Cross Channel Calculation dialog shown 
to the right. The size and shape of this dialog is 
determined by the number of input channels present 
in any given hardware configuration. The number 
of rows is equal to the number of channels in one 
SigLab box (2 for 50-21 & 20-22, 4 for 20-42). The 
number of columns is equal to the number of 
channels up to a maximum of 16.  

You use the Cross Channel Calculation dialog 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 Setup window or the MC Setup window for enabling and disabling channels.  

Activate Setup 
Window 

Activate MC 
Setup Window 

Activate Preview 
Window 

Reference 
Channels 
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2. 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.  

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

The Cross Channel Calculation dialog 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 the Apply or the Cancel button must be pressed to continue.  

  

Display Menu  

The Display Menu is shown below. You use this menu to control the size and appearance of 
the Plot Window as well as to select 
some other options.  

Single/Dual  

The Single/Dual submenu specifies 
whether you want one or two axes to be 
visible in the plot window. If Single is 
selected, the lower axis is hidden and 
the upper axis is expanded. If Dual is 
selected, both the upper and lower axes 
are visible.  

Grids 

The grids menu pick turns axis gridlines 
on or off. The color and intensity of the 
gridlines can be set using the vicolor (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 doing the Overlay menu 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. Reselecting the Overlay menu 
toggles the overlay line visibility.  
 

 

Analysis Windows 

Use this selection to view a plot the selected Analysis Window in the upper axis. Simply click 
on the Analysis Windows selection 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.  

New 
Measurement 

Overlay of Old 
Measurement 
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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) 

 

Print  

You select the Print menu to open 
the Hardcopy dialog shown right. 
You use this dialog box to control 
the printing of the Plot Window. 
For information on this dialog, see 
Section 4.0. 

 

 

 

Default Size 

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



Section 5.0 Dynamic Signal Analyzer  Plot Window Details 

Spectral Dynamics, Inc. SigLab User Guide 5 - 31 
10/28/02S2022D1/A 
 

Bode Plot  

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

 

 

 

 

Kill Tooltips 

Tooltips are used to aid the first time user in 
navigating the GUI. For example, when you 
place the mouse cursor near the popup labeled 
r1, the light box appears with the text 
“Reference Channel Select.” If you wish to turn 
off this behavior, click on the Kill Tooltips 
menu. They will, however, return the next time 
vna is invoked.  
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File Storage Menu 

The vna application 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 Storage menu, you will open the File Storage modal 
dialog shown to the right. You may then select which of the 
nine possible functions are to be stored to the measurement 
file.  
 
If you check the10th selection on the lower right 
(“displayed”), vna will store any functions that are currently 
being displayed on any axis even if they have not been 
explicitly chosen for storage.  
 
You must then click on Apply to mark the data for storage. 
The data will not actually be saved until you perform a File/Save operation. 
 
When you perform a File/Save operation 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: 
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Preview Menu 

You click on the Preview menu to open the Multi-Channel Preview Window as 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 

The Inst , Avg and Stop menus work like the corresponding buttons in the vna Plot Window.   

 

 

Display Menu 

The Display Menu allows the user to select from a variety of axis organizations. The graphic 
above shows the 4x2 format.  

MC Setup Menu 

Clicking on the MC Setup menu transfers focus to the MC Setup window.  



Plot Window Details Section 5.0 Dynamic Signal Analyzer 

5 - 34 Spectral Dynamics, Inc. SigLab User Guide
 10/28/02S2022D1/A 

Modal Menu 

The Modal menu calls up the dialog box 
depicted at right. This dialog allows you to set 
up the parameters that define Double Hit 
Rejection and the “User Modal” window option 
from the Processing Control Panel. 

Double Hit rejection is a form of Automatic 
rejection used only in impact hammer tests. 
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 times the double 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 to the force 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 the exponential 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 
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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 added  multi-reference cross 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 inputs simultaneously . 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

Force 2

Force 3

Force 4

Position 1

Position 2

Position 3

Position 4

4 in, 4 out, DUT

IN OUT

IN OUT
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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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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 
reference channels 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.  These response channels must start with the first free SigLab input channel.  
 
Since multiple uncorrelated input excitations are required, the independent excitation 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.  
 

 

 

Units Menu 

The Units menu allows the user to toggle the units used to display autospectra. Also, only the 
display is affected by this setting: auotspectra are always stored in SLm (see Section 2 of the 
Programmer’s Reference) as RMS volts squared. 
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Measurement Examples 

The remainder of the controls in the vna 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 is not supplied with SigLab is used. 
 
To follow along with the examples: 
 
1. Start MATLAB 
2. Use vip to set the preferred path to siglab\vna\vna_demo 
3. Start vna  
4. Connect the Acoustic Tube per the diagram in Section 4.0 
 
 
Unless otherwise noted, the Cross Channel Calculations will be set as follows: 
 

 
 
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 files td1.vna and td1.vfg were 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 set the vfg outputs to All On and push 
the Inst button in the plot window to make a new measurement. When you are done viewing 
the measurement, push the Stop button.  

 
 You use the Y  func popup to determine what 
measurement function is to be displayed. In this 
case, you select y:y(t) to display the input time 
history. You normally set the Y format to the real 
part, since, there is no imaginary part unless zoom is 
being used.  When you select the time history 
function, the X data indicates time. In this case, you 
can select seconds, milliseconds, or microseconds 
from the X units menu.  
 
 
When you wish to see a Lissajous or Orbit plot 
format, choose the X axis data to be real (or 
imag/mag for zoomed data). When you do this, the 
X axis units popup is replaced with an X axis 
channel selector allowing you to select the channel 
whose time history is to become the x axis data. The 
adjacent plot window shows that channel 1 is the Y 
axis data and ch 2 has replaced time as the X data.  

X data 

X units 

Y func  

Y 
channels 

Y format 

X channel 
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Time histories are displayed as un-averaged measurements independent of whether you push 
the Inst (Instantaneous) or Avg (Average) button to begin the measurement unless you have 
specified otherwise. This is because freqency domain averaging is is the default choice. 
Unless you explicitly choose time domain averaging (link 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 used are sa1.vna and sa1.vfg. You set the upper axis Y func 
selector to y:aspec (aspec indicating auto-spectrum). You may then choose either a linear or 
log X axis format with the X lin/log control. The X units control allows a selection of Hertz 
or rpm (revolutions per minute) for rotating machinery measurements. For this example, you 
should select Hertz. 
 
You use the Y units menu to select the desired display format. For this example, you should 
select dB (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 X units 

Y func 

Y units 

RMS level  
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Y integration & 
differentiation  

 
The real-time RMS level of the signal is 
computed and displayed over the 
displayed X axis range. 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 can switch 
the RMS readout by clicking on the 
channel annotation text inside the axis. 
This action also brings the respective 
trace to the forefront and makes it much 
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 the Zoom Off button, which toggles zoom on, you 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 saved in the sa1.vna file. 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.  
  
You can change the upper Y 
axis scale to cover from 10 
to –100 dB (link to common 
ground cursor) to 
demonstrate the superb 
linearity and noise qualities 
of SigLab’s input and output 
subsystems.  
 
When you use 
accelerometers or velocity 
transducers with SigLab, 
Engineering Units become 
extremely important in order 
to display measurements in 
the units associated with the 
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transducer.  
 
Beyond Engineering Units, the Dynamic Signal Analyzer offers a selection of integration and 
differentiation for spectrum displays. The *1 selection indicates that no operation is being 
performed on the data. The i and i2 represent single and double integration while the d and d2 
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 the Y Amplitude or Power correction control 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 correction “A.” When you are measuring 
power density, e.g., a non-periodic random signal, then use the power correction “P” to 
provide consistent results independent of analysis window selection.  
 
 
An example of the application of this factor 
is shown to the right. A bandlimited random 
signal is generated (file sa2.vfg) and 
initially analyzed (file sa2.vna) using the 
Boxcar window and approximately 500 
averages. The resulting spectral displays 
were overlaid using the trace overlay feature 
and are shown in violet.  
 
Note that both the Amplitude and Power 
selections provide the same measurement 
results using the Boxcar window since the 
Boxcar is actually no window.  
 
You can change the analysis window to 
FlatTop and repeat the measurement. Notice 
that sidelobes on the noise are now visible 
since the spectral leakage is significantly 
reduced. However, there is a significant 
difference in the upper axis between the two 
traces in the mid-band frequencies of the 
noise.  
 
When you select the Power correction factor 
for the lower axis you can see that there is 
virtually perfect agreement between the 
results.  

Y Amplitude or 
Power Correction  
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Y Units 

Cross channel 
Reference Selector 

 
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_l1.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.  

You select the transfer 
function measurement by 
changing the Y func 
selector to y:xfer.  When 
you do this, the Y units 
popup will contain the 
selections shown to the 
right. The transfer function 
measurement requires 
averaging. When you push 
the Inst button while 
displaying the transfer 
function, a warning dialog 
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 
selected as references in the 
Cross Channel Selection matrix 
dialog, r1 is the only entry in this 
popup. 

The screen capture to the right 
shows the same transfer function 
measurement, but with a 
different selection of display 
options. By clicking on the X 
axis linear/log popup, you can 
select a log X axis. Then you can 
use the Y units popup to select 
mag. The upper plot now 
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.  

&&NOTE  
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

2
2

j
j

ω ω
ω ω, , ,−

−



Measurement Examples Section 5.0 Dynamic Signal Analyzer 

5 - 46 Spectral Dynamics, Inc. SigLab User Guide
 10/28/02S2022D1/A 

  
 

measurement by:  for the i , i2  single / double integration and d , d2 differentiation 
 operations.  

Transfer Function (Independent Excitation, Func. Gen.)  

When you want full control over excitation parameters, select the Independent Excitation 
mode and use the Function Generator (vfg) 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 a random signal is used, select an analysis window such as Hanning. 

 

The example to the right illustrates points 
1,2 and 3 above (files xf_ul1.vna and 
xf_ul1.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 
output (file special.arb, generated by the 
code in the file my_arb.m). The output 
bandwidth is set to agree with the input 
analysis bandwidth (5000 Hz) and the input 
frame size is set to agree with the output 
arbitrary record length (1024). This forces 
the excitation spectral lines to match the 
analysis spectral lines. The excitation 
spectrum is seen to be virtually flat, by 
design. The resulting transfer function is 
plotted on the upper axis. 
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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: 

1. Multi channel setup  
2. Multi channel previews  
3. Automatic overload rejection  
4. Manual frame rejection 
5. Wide trigger processing bandwidth with “No Filt” setup option 
6. Force and Response windows 
7. Menu to Save data in ME’Scope format 
8. Auto incrementing file names 
 

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 on any channel will 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 source, a Rej. 
Frame button will appear in the Plot window once the Avg(eraging) 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 for accept and the other for reject. These analyzers require 
you to click a button for each impact, which can be cumbersome.  

With one reject button, accept is tacitly assumed and you only need hit the Rej. Frame when 
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. 

Multi-Channel 
Preview  

Multi-Channel 
Setup 

Overload 
Reject 

Manual 
Reject 

Force & Exponential  
Window 
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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. The Manual Reject Frame button 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 channels. Channel 1 is always designated as a reference and 
channels 2,3 and 4 may 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 DUT1 is from SigLab output 
channel 1 while the excitation for DUT2 is the third response from DUT1.   

 

1 51 8

In In DUT 1 DUT 2 



Measurement Examples Section 5.0 Dynamic Signal Analyzer 

5 - 50 Spectral Dynamics, Inc. SigLab User Guide
 10/28/02S2022D1/A 

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 DUT1, 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  
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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. The file imp_1.vna has 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.  
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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 in file acor1.vfg.   

You now can use the setup file acor1.vna for 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.  

 

 

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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In 

1 1

Acoustic Tube 

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 channel 2 will seriously 
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. 

 

 

 

The setup files for vna and vfg 
are ccor1.vna and ccor1.vfg 
respectively. Turn on the 
function generator outputs (All 
On) and click on the Avg button 
to produce the plots shown to 
the right. The input to the tube is 
driven by a 1000 Hz sine wave 
and measured by channel 1 
(upper axis yellow trace). The 
response of the tube is measured 
by channel 2, but is severely 
corrupted by the broad band 
noise from the function 
generator.  Notice that the sine 
wave is not at all visible in the 
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) 



Measurement Examples Section 5.0 Dynamic Signal Analyzer 

5 - 54 Spectral Dynamics, Inc. SigLab User Guide
 10/28/02S2022D1/A 

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 the cross spectrum 
between channel 2 and channel 1 
on the lower axis. Next, you 
press the Avg button to generate 
a display similar to the one 
below. Notice that the 1000 Hz 
signal is barely visible in the 
auto-spectrum in the upper axis. 
The cross spectrum (lower axis) 
clearly shows the 1000 Hz 
component with a 40+ dB 
margin over the noise.  

 

 

 

The cross power spectrum is used in acoustic intensity measurements. The acoustic intensity 

I is given by: I
r

Cspec
=

−
⋅

⋅
1

ρ ω∆
Im( )

  

Where ρ = density of air, ω =frequency in radians per second, ∆r =spacing of the 
microphones, and Im( )Cspec =imaginary part of the cross spectrum.  

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

ρ ∆r
 term. The integration option selection can be used to provide the 

1
ω

 term. Note that 

when the integration option is selected, the cross spectrum is multiplied by a factor of 
1
jω

. 

Since the j factor is included in the integration, the real part of the integrated cross spectrum 
should be chosen for the display. These features will allow the acoustic intensity to be 
displayed directly.  

 
Example: (in MKS units) 
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Assuming a microphone cal factor  Kmic
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The density of air at STP is ρ = 1 293 3. /kg m and assumes the microphone spacing of the 
intensity probe is ∆r m= × −1 2 10 2. .  

The 
−
⋅
1

ρ ∆r
 term must be accounted for in the engineering units. Let the 

1
∆r

term be included 

in the channel 1 engineering unit, and the 
−1
ρ

term be included in the channel 2 EU as 

follows: 
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Since the cross spectrum calculation effectivly multiplies the 2 measurement channels, and, 

this result is multiplied by the 
1
jω

 factor, the dimensions of the net result will be as follows: 

 
nt
m

nt m
kg3

1
×

×
×

ω
,  

Representing the above units by the fundamantal units of Mass, Length, and Time gives:   
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L
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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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SECTION 6.0 
FUNCTION GENERATOR (VFG) 

Measurement Objectives 

The Virtual Function Generator (vfg) is a general purpose signal source to be used with the 
dynamic signal analyzer, oscilloscope and spectrum analyzers. It features a selection of pre-
defined functions as well as the ability to generate user-defined outputs. 

Basic Operation 

Launching vfg 
The vfg is the simplest of all the VIs to operate since no measurement data or plotting is 
involved. Type vfg at the MATLAB prompt and the vfg VI will appear. In the lower right-
hand corner, click the All Enabled/All Disabled button to the All Enabled state. Assuming 
the DUT is connected, it will be producing a faintly audible tone. If a small active audio 
speaker is available, this could also be used to get a feel for vfg operation. 

vfg Quick Tour 

 

Figure 6-1 vfg User Interface 
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Try the following sequence of operations to take a quick tour of the vfg: 

1. Open testd1.vfg using the File menu. 

2. Vary the chirp start-end frequencies with the sliders. 

3. Vary the on/off time and output level. 

4. Toggle burst off. 

5. Try all the function types. Note that files for Arb and TrArb have not been loaded yet. 

6. Quit with the Quit button when you are finished. DO NOT SAVE THE STATE. 

Channel Control
 

 
 

Figure 6-2 Function Types 

 
 
Each output channel can have an 
independent setup of its function and 
function parameters unless two or more 
channels are set to arbitrary. The channel 
being set up is selected by the popup when 
the Channel Select button in the upper left 
corner of the vfg VI is selected. The on/off 
toggle button turns the selected channel's 
output level from 0.0 volts to the specified 
value. 

Function Types 

Periodic Functions 
The periodic functions include: 

• sine 

• square 

• triangle 

• sawtooth 

• impulse 
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The periodic functions, other than the sine, have a non-uniform frequency resolution that 
becomes coarser as the target frequency of the function becomes higher. The edit box on the 
frequency slider always displays the actual frequency being generated. 

All the functions pass through the sigma-delta D/A converter, which contains an integrated 
interpolating digital filter as well as a switched capacitor-smoothing filter. The pre-shoot and 
overshoot in the time domain are a result of the filtering operations. 

Chirp 
The chirp function with independent start and end frequencies is capable of burst-mode 
operation. The length in samples or duration in seconds can be specified by the Samples edit 
box or the On Time slider. Moving the slider automatically changes the edit box and vice-
versa. 

Two-Tone 
The two-tone function features independent frequency settings for the tones (sine functions) 
as well as the ability to adjust relative amplitudes. Two-tone signals are useful in studying the 
linearity of systems by measuring intermodulation products with the spectrum analyzer (vsa). 

Random and Translated Random 
Random noise can be generated with a specified bandwidth or translated random noise 
(TrRand) can be generated with a specified bandwidth and center frequency. If continuous 
mode (Burst/Cont toggle button) is selected, a very long pseudo random number sequence is 
generated (see SigLab detailed specifications). If burst mode is selected, the sequence length 
is proportional to the on time selected and exactly repeats every burst interval to allow time 
domain averaging to be performed. 

Figure 6-3 shows a typical burst random signal. To simplify trigger setup, the output 
hardware generates a digital trigger signal coincident with the beginning of the burst 
sequence, or in the case of periodic functions, coincident with the periods of the function. 
This greatly simplifies measurement trigger setup. 

Arbitrary & Translated Arbitrary 
The SigLab output subsystem is capable of reproducing user-defined signals with an 
adjustable bandwidth and center frequency (for Translated Arbitrary). When burst mode is 
selected, the on time is determined by the record length and the selected sampling rate. The 
off time is set by the off time slider control. The effective sample rate of the output is 2.56* 
the selected bandwidth. To use the arbitrary output mode, select Arb from the function 
selection popup. Go to the File menu, and select Open Arb. A file select dialog box appears 
to allow the selection of a file with the proper arb format (filename.arb). If both output 
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channels are set to arbitrary at the same time, the hardware/software make the following 
restrictions: 

 

1. Both output channels must be set to the same bandwidth. 

 

2. Both channels must be set to continuous (CONT), or both channels must be set to burst 
mode with identical on and off times. 

 
 

Figure 6-3 A Typical Burst Random Signal 
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Figure 6-4 User Defined Output File Produced by arbgen.m in the vfg Directory 

Open Arb (vcap) 
Standard arbitrary output records are limited to 8192 samples. However, it is also possible to 
output much longer records. This data may have been captured by the vcap program or 
generated in MATLAB. In any case, the data must be stored in vcap files (filename.vca). To 
use this selection do the following in vfg: 
 
1. Select Arb from the list of function types. This list also contains sine, square, chirp, etc. 
2. Select File/Open Arb (vcap) in main menu. 
3. Select the desired .vca file from the open file dialog box. 
 
If there is not enough memory available in SigLab to accommodate the long record, an error 
message will occur. The File menu also includes the selection Clear Arbout Buffer to dispose 
of the buffer when it is no longer needed. See Section 12.0 for further details on long record 
arbitrary output. 
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      SECTION 7.0         
MODAL ANALYSIS FILE CONVERSION  

 

Introduction 

One common application of Dynamic Signal Analyzers is the collection of data for use in Modal 
Analysis. Modal Analysis is generally defined as follows: 

The determination of an optimal set of parameters that can be used to describe the dynamic 
response of a mechanical system to various initial conditions and/or forced excitations1. 

These “Modal Parameters” are often represented graphically as the “Mode Shapes” of the system: 
the shape assumed by the system at maximum deflection when excited at a resonance (natural 
frequency). Mathematically the resonance will be the eigenvalues of the system and the mode 
shapes will be the eigenvectors.  

One of the properties of a linear time invariant mechanical system is that any vibration of the system 
can be described by a linear combination of the of the mode shapes. Therefore, given the modal 
parameters, we can predict the response of the system to any excitation. 

Modal Test Example  

Our test body would be a mechanical structure of some kind, either freely suspended or rigidly 
supported. Upon this structure would be one or more strategically mounted accelerometers. The 
structure would then typically be excited using either a sinusoidal or impulsive load. Sinusoidal input 
would typically take the form of connecting the structure to a mechanical shaker and sweeping it up 
and/or down the frequency range of interest. Impulsive loading would generally involve striking the 
structure with a special “Impulse” hammer that is equipped with a load cell to determine the energy 
entered into the system. In either case, both the excitation and response are measured, and from 
these a “Frequency Response Function” (modal terminology for a Transfer Function), or FRF, is 
calculated.  From (1) the geometry of the structure, (2) the FRFs and (3) the geometric relationship 
between the two determined by the placement of the accelerometers, it is possible to empirically 
determine the “modes of vibration.” 

                                                 
1 Dave Brown, Lecture Notes from “Modal Analysis: theory and Application Course,” IMAC XVI, Santa 
Barbara, CA, Jan. 29-31, 1998,  
p. 3 
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Using SigLab in Modal Analysis 

 
Figure 7-1 An example of a SigLab modal test. The structure used was a free-free aluminum beam 
approximately 7” in length, 1.5” wide and 1/8” thick. A triaxial accelerometer was mounted at 1 end. Using 
VNA, with a modal impact hammer to excite the beam, 3 FRF measurements were made at each of 27 points 
on the beam. These were then imported into ME’scope and used to animate a wireframe model of the beam. 

SigLab is well suited to provide the FRFs needed as input into Modal Analysis. It offers exceptional 
measurement quality on up to 16 channels, force and exponential windows and integrated bias 
source for powering accelerometers and impulse hammers without the need of an external amplifier. 
Depending on the measurement technique desired, either vna or vss can generate quality FRF 
measurements.  

You then must do Modal Analysis on these FRF measurements.  Although MATLAB has the 
power you need to “roll your own” modal analysis package, given the number of commercial 
packages available, there is little need for you to do so. 

However, since most of these packages are not implemented in MATLAB2, your software package 
includes software routines to convert the vna or vss data stored in MATLAB format into a form 
readable by most commercial Modal Analysis packages.  

                                                 
2 Exceptions to this rule would be the “Structural Dynamics Toolbox,” currently available from Scientific 
Solutions and the “X-modal” package being developed at the University of Cincinnati Structural Dynamics Lab. 
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SigLab files can be translated into any of three formats. Two of the most popular and powerful 
Modal Analysis packages on the market today are ME’scope from Vibrant Technology Inc. and 
STARModal from Spectral Dynamics. Given the prevalence of these two packages, routines are 
provided to translate SigLab files directly into their respective file formats. For users of other 
packages, routines are provided to translate SigLab files into Universal File Format (UFF) ASCII 
files, a standard file format (as the name suggests) which can be read by any Modal Analysis 
package. 
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SigLab to ME’scope 

If you are using the ME’scope modal analysis package from Vibrant Technology Inc., you have 
several different options for getting your data from MATLAB into ME’scope. ME’scope files can 
be written directly out of vna as a File Menu selection or called from the command prompt. If you 
have written your own code you can write your own ME’scope translation utilities directly using a 
MATLAB MEX function. 

Writing ME’scope Files Directly from VNA 

This is a fairly straightforward and easy procedure. Simply select from the vna File Menu the 
option “Save As to ME’scope File.” This will call up the following figure: 

Figure 7-2 Measurement Type to Convert to ME’scope Selection Panel. Available measurement types (based 

on the Measurement Domain Selection popup menu at bottom left) are shown in bold. All other measurement 

types are greyed out. 

 
From here, you can select from 8 measurement types, divided between 4 classes of measurements. 
You can only select measurements from a single class. The class you select is determined from the 
Measurement Domain Selection popup menu at the lower left of the figure. The four classes are: 

1. Frequency Domain: Auto Spectra, FRF, Coherence and Cross Spectra measurements. 

2. Time Domain: y(t) measurements. 

3. Impulse Response Domain: Impulse Response Functions. 

4. Correlation Domain: Auto Correlation and Cross Correlation measurements. 

The reason for the limitation comes from the type of file you are writing. The ME’scope Data Block 
file (*.BLK files can contain as many traces as you desire (the limitation of 2048 traces is impossible 
to reach from a single vna file) with a maximum length of 1 million samples per trace (again, 
impossible within vna). The only limitation is that all traces in a given block file must use the exact 
same X-axis vector.  
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Once you have selected the measurement types you wish to convert, click on the Convert 
pushbutton at the lower right. A dialog box will open prompting you to define a new BLK file to 
write. Then a message box appears advising you that the measurements were successfully sent to 
the DLL and that the BLK file was successfully written. If for some reason you were unsuccessful 
(for example, you can not overwrite an existing BLK file), these message boxes will inform you and 
supply the reason for the failure. 

Writing VNA and VSS Files to ME’scope 

 The MATLAB function, vna2mesc, called by the “Save As a ME’scope File” menu selection in 
vna can also be called directly at the MATLAB prompt. This can take from 0 to 3 input arguments 
and has the following usages: 

1. When you type at the matlab command prompt:  
   >> vna2mesc 

 

 if vna is open, the data will be pulled out of vna; 
 if not, you will be prompted to select a vna file. 
In either case the user will be prompted for the BLK file to be written. 

2. To specifically pull the data out of vna (must be open), use either  
  >> vna2mesc('active'); 
 
in which case you will be prompted for the BLK file to be written , or specify the BLK file in a 
string, BlockFile: 
  >> vna2mesc('active',BlockFile); 

  

3. To specifically pull the data out of a VNA file, use  
  >> vna2mesc('file'); 
 
in which case you will be queried for both the BLK and vna files. Otherwise you can specify 
just the BLK file with  
  >> vna2mesc('file',BlockFile); 

 

and get prompted for the VNA file, or else specify both files using:  
 
  >> vna2mesc('file',BlockFile,VnaFile); 

 

In form where the input argument VnaFile is specified, VnaFile can take three forms: 

1. a single string containing a vna filename  
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2. a Matrix of strings, where each row is a vna filename  

3. a cell array, where every cell is a string containing a vna filename.  

In the case of multiple filenames (2 and 3 above), all vna files must have the same X-axis values. If 
later X-axes do NOT match the first file, then that file will be skipped.  

The following code is an example of a short m-file used to create a 27-element cell array from the 
files beampoint01.vna through beampoint27.vna (see Figure 7-1): 

 
for k = 1:27 
  if k<10 
    VnaFile{k} = ['f:\setupfiles\beampoint0',... 
                  int2str(k),'.vna']; 
  else 
    VnaFile{k} = ['f:\setupfiles\beampoint',... 
                  int2str(k),'.vna']; 
  end; 
end; 
BlkFile = 'f:\ setupfiles\bpoint3.blk'; 
vna2mesc('file',BlkFile,VnaFile);  
 

For those unfamiliar with the use of cell arrays in MATLAB, it is important to note the use of curly 
brackets, { }, rather than normal parentheses, ( ).  

Vna2mesc.m will not work on older vna files that predate version 3.0 of the SigLab software. This 
is because the measurement data is stored differently (see the section on the SLm data structure in 
the Programming Guide for more information on how the new software stores the data). Therefore, 
three additional m-files are supplied which can be used from the command prompt to translate files 
stored in the older file format (<= v.2.24). These files are called xferdat2mesc.m, 
aspecdat2mesc.m and timedat2mesc.m respectively. These functions all take 2 input arguments. 
The first argument is a string containing the name of the SigLab file to be translated and the second a 
string containing the name of the ME’scope BLK file to write. If either argument is omitted, the user 
will be prompted with a dialog box. The first string will always be assumed to be the SigLab file and 
the second the ME’scope file, so you cannot omit the SigLab file but pass the ME’scope file. Unlike 
vna2mesc.m, these files do not support multiple SigLab files. 

Timedat2mesc.m translates from vos, vsa or vna files stored in the old file format. It writes only 
the time data, y(t), to the BLK file.  The default input file is .VOS, but you can type “*.vsa” or 
“*.vna” in the uigetfile “File name” to change the file type to that extension (the popup will only 
show the default type, m-files and mat-files). 

Aspecdat2mesc.m will translate from vsa or vna files stored in the old file format. It writes only the 
autospectra measurements to the BLK file. The default file type if prompted is .VSA. 
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Xferdat2mesc.m is somewhat special. Not only does it translate from vna files stored in the old file 
format, it also supports any vss file (since the vss file structure has not changed with the release of 
SigLab v.3.0). The default file type if prompted is .VNA. 

Writing your own MATLAB to ME’scope Translation Routines 

Vibrant Technologies distributes Wrtblk32.dll, a Windows DLL, to write ME’scope files. This 
DLL was copied into your \Windows\System during installation. Spectral Dynamics provides a 
MATLAB MEX function, sig2mesc32.dll,  that allows you to pass commands from MATLAB to 
Wrtblk32.dll. This MEX function is in your …\siglab\mod directory (you will also find a backup 
copy of Wrtblk32.dll in this directory).  

If you wish to write your own MATLAB to ME’scope file utilities, you should refer to 
WrtBlk32.doc also in your …\siglab\mod.  This document describes all the available functions in 
the Wrtblk32.dll library, including inputs, outputs and recommended calling order. In order to call 
these functions from within MATLAB, you would use the syntax: 

sig2mesc32(‘WrtBlkFunctionName’,Input1,Input  

For example:  

 SetTraceSampleValue(TraceNum,… 

  SampNum,RealVal,ImagVal) 

becomes 

 sig2mesc32('SetTraceSampleValue',TraceNum, … 

  SampNum,RealVal,ImagVal)  

and 

 SetDataBlockXaxisStart(XaxisStart) 

becomes 

 sig2mesc32('SetDataBlockXaxisStar',XaxisStart) 

 

In addition to all the WrtBlk function calls, there are two other calls to sig2mesc32.dll: 

1. sig2mesc32('initdll') initializes the DLL and establishes the links to the functions in 
Wrtblk32.dll. This function must be called before doing anything else. 
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2. sig2mesc32('cleardll') terminates the link with Wrtblk32.dll and should be called when you 
are done. 
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SigLab to STARModal 

Translating vna files to STARModal files is done using the UFF: Modal File Converter program, 
uff.m, and selecting the STAR entry in the File format popup menu: 
 

 

 

 

 

 

 

Figure 7-3 UFF: Modal File Converter GUI with File format set to STARModal format. 

The files to be translated are determined by the 1st file and Last file text fields. To set these files, 
Click on either the 1st file and Last file pushbuttons to call up a uigetfile dialog box and select the 
corresponding file. Only vna files can be translated using this program, and they must all share 
the same filename root, differentiated by having two or more digits as the end of the filename (see 
Figure 7-3). This takes advantage of the vna feature which auto-increments filenames that take this 
form. When the files are translated to STARModal format, therefore, 1st file, Last file and all the 
corresponding files in-between will be translated into STARModal files. The program can handle 
sequential gaps in the numbering of the filenames. 

The following five measurement types can be translated into STARModal format: 

1. FRFs (Xfer) [*.frf], 

2.  Crossspectra (Cspec) [*.cps], 

3.  Autospectra (Aspec) [*.aps], 
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4.  Coherence (Coh) [*.coh], and  

5. Time, y(t) (Time) [*.tim].  

Only one measurement type may be selected per session of the program,  although multiple sessions 
can be run sequentially to translate each measurement type. Support for multiple measurement types 
is superfluous because each STARModal file contains only a single trace. The measurement type 
determines (or, within STARModal, is determined by) the file extension (given in the list above 
within the square brackets [ ]). The Acronym contained in the parentheses in the list above is the 
selection from the Function Popup menu in UFF to select each measurement type. 

STARModal has a very special naming convention for its filenames that determine with which point 
on the structure the measurement is associated. Because of this, it is necessary for vna and UFF to 
support this naming convention, which is accomplished through the vna Channel labels as follows:  

When the structure is defined within STARModal, the points of the structure are identified by 
numbers. The measurements must be made along three principle axes:  

1. x, y, and z in Cartesian coordinates  

2. r, t and z in Cylindrical coordinates  

3. r, p, and t in Spherical coordinates.  

The points and directions (referred to as DOFs or degrees of freedoms in modal analysis lingo) at 
which the measurements are entered in the channel labels within vna are illustrated by the following 
example:  
 

Suppose the excitation (measured by channel 1) is provided by a shaker attached to the structure at 
point 27 in the minus Z direction, and the response measured by channel 2 is provided by an 
accelerometer mounted at point 3 in the plus Y direction. Then, in vna, you would enter “-27z” or 
“-27Z” as the channel 1 label and “3y” or “3Y” as the channel 2 label. You may also put other 
information in the channel label as long as the DOF is first and you use a space as a separator. For 
example “-27Z shaker 2M” would be allowed. When the FRF from this file is translated into 
STARModal format, a file named 027z003y.frf is created. Note that channel 1 is always the 
reference and channels 2 and up are always response.  

If the Channel Labels do not follow the above convention, a warning message will be displayed and 
a default ascending sequence of filenames will be used. 

Channel labels that use this style are affected by the auto-increment routine on File Save (the same 
routine that increments filenames that end in two or more digits), as follows:  
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1. If a channel label begins with a 1 to 3 digit number (optionally with a leading + or -) followed by 
a direction code (one of the characters x, y, z, r, p or t) followed by a single comma, then the 
number will be incremented. For example. the channel label “78Y,” will be changed to “79Y,”. 

2. If the direction code is followed by two consecutive commas then both the direction and point 
numbers will be incremented. For example the label “299x,,” on successive saves will be  

 “299z,,”, “300x,,”, “300y,,”, “300z,,”, etc. 

3. If the channel label is not one of the above forms then that channel label will not be modified. 

Click on the Output dir pushbutton to call up a dialog box to select where you would like to write 
the files. You will need to have at least one file in the target directory to select as a dummy file (but it 
will not be touched by the program). 

The Overwrite popup menu gives you three choices to determine how the program should react if it 
encounters a file with the same name as the file it wishes to write. If you select “Yes”, files will be 
automatically overwritten. If you select “No”, the new file will not be written. If you select 
“Rename”, then the old file will be renamed to filename.old and then the new file written. 

Once you have set up everything, click on the “Go” pushbutton. You will be kept appraised of your 
progress in the “Reading file:”, “Writing file” and “Files written” text fields. 
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SigLab to Universal File Format 

If you are using a Modal Analysis package other than ME’scope or STARModal, which is not 
MATLAB based, you will need to translate your data into the Universal File Format (UFF). SigLab 
supports the UFF-ascii format (there is also a UFF-binary format not supported by SigLab). UFF-
ascii is supported by all Modal Analysis packages on the market today 

In order to convert files to UFF-ascii, you use the same UFF: Modal File Converter program 
(uff.m) that you would use for STARModal, but set the File format to UFF-ascii. Otherwise, 
everything else works the same. 

 
Figure 7-4 UFF: Modal File Converter GUI with File format set to UFF-ascii format. 

The UFF files will be the extension “*.asc”. Although the program will use the same naming 
convention for the root filename as was used for STARModal, this convention is not needed to read 
files by packages other than STARModal and the defaults are sufficient. However, since uff.m uses 
the same defaults every time it runs, you should probably consider adopting the STARModal 
naming system to keep track of your files. 
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SECTION 8.0 
VIRTUAL SWEPT-SINE - (VSS) 

If you are already familiar with the swept-sine measurement technique, you may want to skip 
ahead to starting vss. Otherwise, you should start with the swept-sine measurement 
technique  section below. 

Swept-sine Measurement Technique 

Swept-sine (or stepped-sine to be more precise) is a method of measuring the frequency 
response function (also known as a transfer function) of a dynamic system. It is the oldest 
network measurement technique and is still the best when faced with systems with extremely 
high noise or that are linear within a very narrow range. In the absence of these problems, the 
fft-based transfer function technique used by vna is often a better choice because it is faster. 

A sine wave is used as the system excitation and is stepped through the frequency range of 
interest. The reference channel (always channel 1 in vss) measures the excitation signal while the 
response channels measure the output of the system(s) under test. All input channels are 
measured using a narrow-band tracking filter whose passband is centered on the excitation 
frequency of each step. This tracking filter helps reduce the effects of system noise. The ratio of 
the sine wave amplitudes (ResponseChan / ReferenceChan) is displayed as the transfer function 
magnitude. The computation is actually the ratio of the cross-spectrum and the reference 
autospectrum which yields both magnitude and phase information. 

The test variables you must specify are: 

• The upper and lower frequency limits. 

• The number of frequency steps (i.e. the number of transfer function points)  

• Whether the frequency spacing is linear or logarithmic. 

• The excitation amplitude (or desired level at an input channel). 

• The input gain settings 

• The tracking filter bandwidth. 

• The number of averages. 

• The delay (if any required) between frequency steps. 

Starting vss 



Starting vss  Section 8.0 Virtual Swept-Sine (vss) 

8 - 2 Spectral Dynamics, Inc. SigLab User Guide 
4/5/02S2022D1/A 

Type vss at the MATLAB command prompt. If a file named DEFAULT.VSS is found in the 
siglab\vss directory, then vss is started with the setup and data found in that file. If that file is not 
found, then vss is initialized with default parameters contained within vss.m itself. Another way to 
start vss is: 

vss(‘init’, ‘c:\pm\test1\’, ‘file1a.vss’); 
 

The first argument states that you are about to specify an initialization file. The second argument 
contains the path of the file to be opened (The trailing backslash is optional). The third argument 
contains the file name and extension. The setup and data from the specified file will be loaded by 
vss when it starts. 

As with all other VIs, you may also type 

vss ? or 

vss ?? 

which displays a file selection box allowing you to select the desired setup file. 

A note for users of older versions of vss: vss has been significantly altered from previous 
versions (2.07 or older) to take advantage of the additional input channels available with the 
SigLab 20-42. The main strength of the new interface is that multiple transfer functions can now 
be measured simultaneously. However, vss setup/data files saved with older versions are not 
compatible with versions 2.12 and up. If you want to use your old setup files you will need to use 
the older version. If you have selected the "archive" option (which renames the old directories) of 
the installation, then you can restore the older vss interface as follows: 

  - rename the siglab\vss directory to siglab\vssnew 

  - move the siglab\old\vss directory to siglab\vss 

  - restore the older bodepl routine using these two commands: 

    cd c:\matlab          (or to wherever you installed siglab) 

    copy siglab\old\vcom\bodepl.m siglab\vcom 
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Menu Options 

 

Figure 8-1 vss File Menu 

 

The File Menu 

 Most of the selections in the File menu are identical to those found in 
the other measurement applications, and are explained in the previous 
Chapters. However, there are three selections that are unique to vss. 
 
OpenLast is similar to Open except that it always reads the file 
LAST.VSS in the siglab\vss directory.  (whenever you quit vss, the 
current state of vss is written to the LAST.VSS file). 
The other two new options are actually options, which are found on 
different menus on the other programs. Toggle Grids turns on and off 
gridlines on the display. Notes works the same as the menu bar option 
of the same name found on the other applications. 

The Setup and Graphics Menus  

vss has two display modes referred to as the graphics screen and the 
setup screen. You toggle between the two modes using the second 
menu item. When vss is started the graphics screen appears and the 
second menu item will read Setup. To switch to the setup screen click 
on Setup. The setup screen will immediately appear and the second 
menu item will change to Graphs. To switch back to the graphics 
screen, simply click on Graphs. The two display modes are described 
in detail below. 

The EngUnits=off/on Menu  

You use this selection to toggle engineering units on and off. The units themselves are set from 
the Setup display mode. 

The Bode Menu:  

This menu item calls up the Bode Plot window. The Bode Plot routine is identical to the one 
used in vna. 
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The Windows and Help Menus:  

These menus work the same as in all the other VIs. 

Auto-incrementing File Names 

If a setup/data file is written with the SaveAs command using a file name that ends with two or 
more digits (i.e., filx28.vss), then succeeding save commands will write to an incremented file 
name. In this example, the Save command would write to filx29.vss, and the Save after that 
would write the file filx30.vss, etc. When the number portion of the file name reaches all nines, it 
wraps around to all zeros. For example, starting with a file named ab9998.vss, the next 3 saves 
would go to files ab9999.vss, ab0000.vss, and ab0001.vss. A file name that ends in a single 
digit (i.e., qst3.vss) is not auto-incremented. Auto-incrementing a file names never modifies the 
file extension.  
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Display Modes 

Setup Display Mode 

You use the setup display mode before the measurements begin to specify all the measurement 
parameters. You can specify more than one measurement span if you want to use different 
measurement parameters at different parts of the sweep. All the parameters that may be 
changed independently for each span are selected via the large text box in the center of the 
screen. Additional controls that apply globally to all spans appear to the left of this text box. 

 

Figure 8-2 Setup display mode with Engineering Units off 

The global parameters are: 

1. Control Tolerance: If a level control channel other than the output channel is chosen, then 
vss will continue to repeat a measurement while adjusting the output level until the 
percentage difference between the selected control level and the actual measured value of 
the control channel is smaller than the tolerance specified by this slider. 

2. Max Retries: After vss has repeated a measurement the number of times specified in this 
slider, vss will advance to the next frequency point of the sweep even if the control channel 
error is still larger than the specified control tolerance. This slider also affects how many 
times vss will repeat a measurement while attempting to meet the input channel autoscaling 
requirements. 

3. Max Drive: This slider controls the maximum sine wave amplitude that vss will allow on 
output channel 1. In an attempt to obtain a specified level on one of the input channels vss 
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will increase the sine wave amplitude, but never beyond the value specified by this slider. 
Even if the output channel is chosen as the control channel, this Max drive level will override 
the control level if the control level is higher than Max drive. 

4. Output Offset: This slider controls the DC offset for SigLab's output channel 1 which 
provides the excitation to the device being measured. 

The default setup file enables three frequency spans. Thus the text box parameters will consist of 
a three columns, each of which can contain up to 26 parameters as follows:  

1. Frequency start: This is the start frequency for the span. To modify it just double click on 
the value and a slider will appear. You can change the slider value in the usual way. If you 
type a new value into the slider edit box the slider will disappear. The slide will also 
disappear by clicking the mouse on another parameter or by clicking on a black area of the 
vss figure window.  Many of the other parameters below use sliders in a similar manner. 

2. Frequency end: This is the ending frequency of the span. Modify it in the same manner as 
the start frequency. You may specify end frequencies that are either larger or smaller than 
the start frequency. For example, the sweep shown above in fig 8-2 may be run backwards 
(starting at 6000Hz and ending at 200Hz) by entering the following numbers in the top two 
lines of the setup screen: 

 
 Freq start (Add span) 6000 4000 2000 
 Freq end (Delete span) 4000 2000 200 

&&NOTE 
 For either case (increasing or decreasing sweeps) the start frequency of each span 
is the same number as the end frequency of the proceeding span. vss forces this to 
be true by changing the corresponding entry automatically. 
 

3. Sweep type: This control appears as the string "Lin" or "Log" specifying weather the 
frequency steps for this span will increase in a linear or logarithmic fashion over the span 
frequency range. If "Lin" appears, clicking on it will toggle it to "Log". Clicking on it again 
will toggle it back to "Lin". 

4. Tracking bandwidth: This control specifies the width of the tracking filter (in Hertz) used 
by SigLab's input system. This tracking filter applies equally to the reference  
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5. channel (always channel 1) and all response channels. This control appears as one of the 
following numbers: 

200, 80, 40, 20, 8, 4, 2, .8, .4, .2, .08, .04, .02, .01, .005 

To change the tracking filter width, double click on the number and you will see a popup 
menu displaying all the above choices. Simply click on the desired choice and the menu will 
disappear and the text will show your new tracking filter selection. Selecting a narrower 
tracking filter will improve the measurement accuracy and reduce the effects of noise at the 
expense of longer acquisition time. If you select a tracking filter width that is larger than the 
span start frequency, a poor measurement will usually result. 

5. Number of averages: This parameter specifies how much averaging is to be done at each 
sine step. A slider will appear allowing you to enter a new value. Large values will reduce 
the variance of the measurement at the cost of longer acquisition time. If you select only 1 
average you will not get a valid coherence estimate. 

6. Number of steps: This parameter specifies how many frequency points will be measured 
during the span. A slider will appear allowing you to enter a new value. Large values 
produce higher frequency resolution at the cost of longer acquisition time. 

7. Inter-step delay: This parameter specifies how much time (in milliseconds) that vss will 
wait after changing the excitation frequency before making a measurement. Some systems 
will exhibit ringing or other unstable behavior in response to a frequency step. In this case 
entering a non-zero inter-step delay will improve the measurement accuracy. 

8. Acquisition time: This parameter tells you how much time the data acquisition will take for 
the current span. The actual sweep time will be somewhat longer then this because of some 
overhead associated with sending commands and receiving data. For long acquisition times 
this overhead will be negligible. Whenever you change any of the above 4 parameters (4 
through 7) the acquisition time parameter is automatically updated. If you modify the 
acquisition time directly (by double clicking on it), vss will automatically modify the number 
of steps parameter. For example if you double the acquisition time, the number of steps 
parameter will double in response. 

9. Level control channel: vss will modify the output level during the sweep to achieve the 
desired voltage (specified in 10 below) on the control channel specified here. Double click 
on this parameter and you will see a popup menu displaying all the available choices. With a 
two channel SigLab, the choices will be: Ch1 Ch2 Out. If you have a four channel SigLab, 
or have a multi-box configuration, these choices will be expanded to include all available 
input channels. 

10. Control level: This control specifies the level in volts desired on the specified control 
channel (parameter 9) during the span. A slider will appear allowing you to enter a new 
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value. You may enter any value between 0 and 10 volts, although zero rarely is a useful 
entry. Note that this parameter specifies the actual excitation level only when “out” is 
chosen as the level control channel (parameter 9). 

11. Channel 1 full scale: Specifies the gain setting for the input channel used as the reference 
channel (excitation of the system under test). 

12. Channel 2 full scale: Specifies the gain setting for input channel 2. 

If you have more than 2 input channels, an additional parameter will appear for each extra input 
parameter, you will see a pop-up menu displaying one of the following choices: 

Off  Auto  10V  5V   2.5V  1.2V  .6V. 
3V   .15V  .08V  .04V  .02V  

Click on the desired selection and the popup menu will disappear and the parameter will be 
updated according to your selection.  

If you click on the label for parameter number 1, which says "Freq start (Add span)" then the 
number of spans enabled will increase by one, and another column of parameters will appear. 
Clicking on "Add span" again will enable more spans until you have reached the maximum limit 
of 5 spans. Clicking on the label for parameter number 2, which says "Freq end (Delete span)" 
will decrement the number of spans enabled. Trying to enable more than 5 spans or fewer than 
one will have no effect. 

You can modify any parameter of spans 2 through 5 using the same procedure outlined above 
for span 1. However you may also modify a parameter for all the spans at once by clicking on 
the parameter label for any parameter other than parameter numbers 1 and 2. For example if 
you click on the parameter label "Tracking Filter," a popup with the tracking filter choices will 
appear. If you make a selection, that selection will be used for all the currently enabled spans. 

The parameter labels for parameters 11 through 26 have one additional twist. Note that these 
labels are of the form Ch# (where # is between 1 and 16) followed by a string of 5 dashes (as 
shown in Figure 8-2). To modify the channel full-scale range for all spans, you can click 
anywhere on this label, including on the dashes. However, now try clicking on the string 
"EngUnits=Off" on the top menu bar. In response, that string will change to "EngUnits=On" and 
the 5 dashes in each channel parameter label will change to something like: "1.00000 volts/V". 
To change the engineering-unit value for a particular channel, double click on the 1.00000 string 
and enter the new value desired. To change the engineering unit name, click on the "volts" string 
and change it to the desired unit name. You can still modify the channel full-scale range for all 
the spans buy clicking on the "Ch#" portion of the parameter label. Clicking on the 
"EngUnits=On" menu will toggle it back to the engineering units off position, at which point the 
engineering unit values will be ignored (but not forgotten). 
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Figure 8- 3 Setup display mode with Engineering Units on 

vss by default uses the font "Courier New" to display all the text box parameters. vss also 
computes a font size which should result in the text fitting properly within the text box if you have 
chosen large or small fonts. If you have selected a font size other than large or small (which is 
possible in Win95) then this may not work properly. In that case you can select the text box 
font size manually by renaming the file siglab/vss/font1.txt to font.txt and then editing the second 
line so that it contains the desired font size. 

Graphics Display Mode 

The graphics mode is used to view the results of your measurements both during the 
measurement process and after the measurement is complete. The plots are divided into three 
sections. 
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Figure 8- 4 Graphs display mode with Engineering Units off 

1. The upper section displays the control level profile which was entered using the control level 
parameter in the setup screen. Since each step of the sweep is plotted with a small circle, 
you can also verify from this display that the correct number of steps and sweep types has 
been entered. The level plot also has another role. If there were any input overloads during 
the measurement, then they are indicated by an "x" placed at the x-coordinate associated 
with the frequency where the overload occurred. If any “x” is plotted, an additional y-axis 
label called "Over Ld" will appear on the right side of the level plot. The "Over Ld" label 
disappears if no overloads occurred. The y position of the "x" indicates the input channel 
that experienced the overload (higher y positions for higher channel numbers). However if 
you are using more than about 4 input channels, it may be difficult to tell which channel has 
overloaded. If this is the case, you can also view this same overload plot by selecting 
"overload" in the display type popup menus (left or right). The resulting view of the overload 
information is larger and more clearly labeled. Additional information on this overload plot 
appears below (at 3.) 

2. The middle section displays coherence. Since coherence is always between zero and one, 
the y axis scale is not needed. (Zero is at the bottom of the graph and one is at the top). 
Coherence is a quality indicator for the transfer function estimate. One indicates highest 
quality or confidence in the transfer function measurement and zero indicates the lowest. 
Lower coherence may suggest that you should choose a larger number of averages in the 
setup page. (The coherence measure won't change, but the transfer function estimate will 
improve). If you see very low coherence you may have a strong non-linearity or very large 
noise sources. Try changing the drive level or other parameters in an attempt to get better 
coherence.  
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&&NOTE 
The coherence is identically one, and therefore meaningless if you have selected 
only one average 
 

3. The lower section displays the measured transfer function itself (or more precisely we 
should call this a frequency response function). The display consists of two overlayed traces 
referred to as the left and right displays. The left display, shown in green in the default color 
scheme, is scaled according to the axis on the left side on the plot. The left axis is displayed 
using the same color as the left trace. The right trace and associated right axis are shown in 
blue in the default color scheme. The grid lines apply only to the left trace. 

There are two popups associated with the left display. The first selects which transfer function to 
display. This is shown as "x/y" where x is the response channel and y is the reference channel. 
The second popup selects the form of the transfer function display. The choices are: 

Mag-Lin, Mag-Log, Mag-dB,  

Phase, Phase-u, Real, Imag, 

Coh, OutLevel, CntrlLev, Overload 

 

Mag displays magnitude on a linear, logarithmic or decibel scale. Phase displays wrapped 
phase (i.e., always between ± 180 degrees) and Phase-u displays unwrapped phase. Real and 
Imag display the complex components of the transfer function, while Coh gives a more detailed 
view of the coherence plot.  

Selecting OutLevel displays a plot showing the sine wave amplitude that appeared on the 
SigLab's output channel during the sweep. 

Selecting CntrlLev displays a plot showing the peak level of the sinewave (not counting any DC 
offset) measured at the SigLab input that you selected as the level control channel (in the setup 
page). If you have selecting "Out" as the level control channel, then this display (as well as the 
OutLevel display) will be identical to the level plot shown in the uppermost axis. However if 
you have selected any of the SigLab inputs as the level control channel, both of these plots will 
be different than the level plot and potentially useful. 

Selecting Overload displays a circle on the plot at each frequency point where an input 
overload occurred. The y value for each circle is an integer (1,2,3...) specifying which channel 
has overloaded. If more than one channel has overloaded at that frequency point, then multiple 
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circles will appear at that x-coordinate. This is a larger view of the overload information, which 
appears overlaid on the level plot. 

Note that for the last three display types (OutLevel, CntrlLev, Overload), the channel popup 
menu (x/y) is not relevant, and is ignored 

The right display also has those same two popups. The only difference is that the function type 
popup has an additional choice called none. Selecting none allows a less cluttered view of the 
left display function. 

The y value cursor readout shows two numbers. The first is the cursor value for the left trace 
and the second is for the right trace. (The left trace cursor symbol is a cross, where as the right 
trace cursor symbol is a circle). 

If you change any parameters in the setup screen, upon returning to the graphics screen you will 
see a bright Old flag to the right of the coherence display. The old flag will disappear once 
another sweep is completed. 

The last control worthy of mention on the graphics screen is a popup with the choices "LinX" 
and "LogX" which sets the x axis for linear or logarithmic spacing. Note that this selection is 
independent of the choice of linear or log steps for the frequency sweep. 
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Control Buttons 

In addition to the other controls in the two modes, there are three control buttons on the vss. 
Three of these, the Run/Stop, Cont and Dwell buttons are available in both display modes. 
The Quit button is only available in the Graphs mode; however, you may quit in the Setup mode 
by using the Quit selection of the file menu..  

When the Run button is pressed, the current graphs are cleared and a new measurement 
begins, starting with the first span. Also the Run button changes its name to Stop. If you are in 
the Setup mode, the display will automatically switch to the Graphs mode. The display will be 
updated as the sweep progresses. 

Pressing the Stop button will halt the sweep, at which point the button changes its name back to 
Run. You can continue right where it left off by pressing the Cont button or you can restart the 
sweep from the beginning by pressing Run again. 

The Quit button writes the current setup and data to a file called LAST.VSS and closes the vss 
window. If a test is currently running when you click on Quit, acquisition will be stopped before 
writing LAST.VSS. 

You may press the Dwell button from either the graphics or setup display modes (although it is 
more useful from the setup display mode) . The dwell button creates a new figure window called 
the dwell window. If the dwell window has already been created then the dwell button merely 
switches the focus to the dwell window that will make it visible. The bottom plot of the dwell 
window is the same as the profile plot of the graphics display mode of the main vss window. 
You select the frequency that you want to dwell on by clicking the mouse on the desired point 
of this profile plot. Alternatively you may type the desired frequency into the x-axis cursor field 
(labeled "Hz:"). After selecting the desired frequency, the SigLab's output channel 1 will be set 
to that frequency and at the amplitude specified by the profile plot. All active input channels will 
be displayed in the dwell figure window - continuously updating until you press the Stop button. 
The updating resumes when you press the Inst button. 

Note that the "Vout:" field to the right of the "Hz:" x-axis cursor readout is not just the y-axis 
cursor readout for the profile plot, but is the actual voltage of output channel 1. It will differ from 
the y-value of the profile plot in two cases: 

• If the profile y-value is larger than the Maxdrv slider setting then the Maxdrv 
value is used as the output level. 

• If one of the input channels is chosen as the control channel, then the output 
channel level is continually adjusted in an attempt to drive the input to the 
level specified by the profile plot. Again the output level is never allowed to 
exceed the Maxdrv setting. 
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Figure 8-5 Dwell Window overlaid on the Setup screen 

If you are viewing the setup page and the dwell window at the same time, then you can 
immediately see the effects of changing the output profile parameters and the input gain 
selections, thus greatly simplifying the selection of those parameters. 

Unlike the vss main figure window, the Dwell window may be maximized or resized to any size 
or aspect ratio you please.  If your are interested in dwelling on a small range of frequencies of 
the profile plot, you can make that easier by using the mouse to draw an expansion box 
covering that frequency range on the profile plot.  

If you have selected autoscaling for any input channel, then those channels will be automatically 
switched to a proper gain setting in a similar manner that vss uses when conducting a sweep. 
The upper and lower axis limits for all input channels are always equal to the actual full-scale 
value for that channel. The x-axis units for the instantaneous time displays are always shown in 
milliseconds. 

Bode Plot Mode 

When you click on the Bode button in the main menu, you will see a Bode plot of the magnitude 
and phase response (see Figure 8-6). The following features are available in this display mode: 

• Closed-Loop to Open-Loop Mapping 

• Automatic Computation of Gain/Phase Margins and Crossover Frequencies 

• Wrapped and Unwrapped Phase 
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• Nyquist Displays 

• Linear and Log x-axis  

• Hardcopy 

Click on the Margins button to toggle on or off the display of the gain/phase margins and 
crossover frequencies. If the transfer function was not measured on a real control system, it may 
not be possible to compute some of these numbers. If so, vss will display a "?" for the undefined 
values. 

One restriction with the Bode display mode is that the sweep must be monotonically increasing 
or decreasing. vss itself is not limited by this. For example, you could set a sweep to go from 20 
Hz to 80 Hz in span 1, and then sweep back down to 20 Hz in span 2, and then back up to 80 
Hz in span 3, and so on. However, although vss can and will display the data in this scenario, 
bodepl.m cannot handle sweeps of this nature and will display an error message if sent this data. 

 

 

Figure 8-6 vss Bode Plot Mode 
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Measurement Storage 

The transfer function data, coherence data, and frequency data are all saved upon a 
FILE/SAVE operation. Their MATLAB variable names are XferDat, CohDat, and Fvec 
respectively. Two primary methods are available to access your data. These methods are 
illustrated in the Programming Guide, Section 1 and Section 4. 
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Measurement Objective 
The System Identification VI goes beyond the measurement capability of the vna and vss. 
The system is characterized by a set of underlying differential or difference equations from 
which the transfer function can be computed. The process of System Identification has been 
used primarily by control systems practitioners. The driving force behind system ID is the 
requirement of modern control theory that the components in the control system be described 
in terms of underlying differential or difference equations.  

 
There are many techniques used by academics and practitioners for extracting a model of a 
dynamic system from measurements. The underlying technique used in this application was 
published by Ben Freidlander et., al. in the August 1982 issue of the Proceedings of the IEEE. 
 
Like the vna and vss, the vid requires reference and response signals to characterize the DUT.  

Excitation Source

DUT

Reference

Response

Channel 1

Channel 2

Low side of Channels 1&2

Output Channel 1
 

Figure 9-1 Measurement Configuration for Reference and Response Signals - vid 
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Basic Operation 

Overview 
The vid is the most complicated of the VIs, but is by far the easiest method available of 
getting dynamic system models into the MATLAB environment. Unlike in the other VIs, 
there are three distinct operational phases to the identification process: 

1. Set up the measurement parameters (excitation, bandwidth). 

2. Acquire the data (averaged time domain records). 

3. Run the ID algorithm on the data. 

 
These phases will be covered in the Quick Tour. 

vid Quick Tour 
Perform the following steps to get a quick tour of the vid: 

1. Connect the DUT as shown in Section 4. 

2. Start the vid by typing vid at the MATLAB prompt. 

3. When vid opens, select Open from the File menu and open testd1.vid. The screen is 
shown as in Figure 9-2. 
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Mode Acquire
(shown) Analyze

Use Inst for Setup

Use Avg for Measurement

 
Figure 9-2 vid Display - "Acquire Data" Mode 

4. In the excitations control group, set the on/off toggle to On. 

5. Press the Inst button to acquire some data for setup purposes. During this phase, the full 
scale voltages for the channel and the analysis bandwidth can be adjusted. The measurement 
parameters have already been set for the quick tour. No changes should be necessary. Press 
Stop.  

6. At this point, in a real world situation, the setup of the data acquisition parameters would 
be complete. Press Avg to acquire an averaged measurement of the time domain reference 
and response signals. The screen displays this acquisition and then displays a transfer 
function estimate based on this data using FFT techniques. 
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The results of the acquisition and averaging operation are displayed as a frequency response 
estimate as shown in Figure 9-3. 

 

Figure 9-3 Averaged Acquisition Complete - vid 

Frequency Response
Estimate

Channels 1&2 are
Always Enabled

Simplified Frequency
Range Selection
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Figure 9-4 Analyze Mode Display - vid 

7. Select the Analyze mode from the Mode menu. Figure 9-4 appears (sans the poles and 
zeros). 

8. Press the Run button to analyze the data and create a z-plane model of the demo DUT.  

9. Try changing the Model Order and re-running the algorithm. 

10. Change to an s-plane model by pressing the z-/s-plane model select button (Figure 9-5).  

11. The model may be saved by going to the File menu. 

12. Use the Quit button when finished, but do not save the state. 

Mode = Analyze Overlayed Model/Actual Frequency Response

Reference Channel

Response Channel

Model Order (Max.)

Forgetting Factor
Z/S plane model select
Fs for Zplane Model

Press Run to Analyze Data and Create Model



Basic Operation Section 9.0 System Identification (vid) 

9 - 6 Spectral Dynamics, Inc. SigLab User Guide 
8/9/01IS2022D1/A 

 

Figure 9-5 Analyze Mode Display s-plane Model 
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Menu Selections 

There are several differences in the menu selections between vid and the other VIs. 

The File Menu  

The majority of the entries under the File menu will be familiar from the other VIs, but there 
are two that are unique to vid. These are Input VOS and Output Model. 

The lattice algorithm used by vid calculates the poles and zeros directly from the time domain 
data. Therefore, pole/zero models of the data can be calculated from either data captured 
directly within vid, or from data captured previously in vos and saved in a .vos file. A .vos 
file is loaded into vid using the Input VOS selection.  

Output Model is only available after a pole/zero model (either s-plane or z-plane) has been 
computed. This selection writes the model to a .mat file that can subsequently be loaded into 
MATLAB and displayed independent of vid. When loaded, the following variables will be 
placed in your MATLAB environment:  

1. Vid_Eustr      String defining units selected e.g. 'V/V' (Volt/Volt) 

2. Vid_Param:  
Vid_Param(1)=Model Gain Constant (no EUs applied)  
Vid_Param(2)=Model Sampling Rate (Zplane requirement)  
Vid_Param(3)=Center Frequency in Hz if Zoom is active  
Vid_Param(4)=EU value for Reference  
Vid_Param(5)=EU value for Response 

3. Vid_Plane    String = 'Zplane' or 'Splane' 

4. Vid_Poles    Pole locations in Z or S plane (sigma + j omega)  

5. Vid_Zeros    Zero locations in Z or S plane 

The Mode Menu  
This menu allows you to set vid to either Acquire Data or Analyze Data. When acquiring 
data, the Channel Setup, Frequency Range and Excitation control panels are visible. When 
analyzing data, only the Analysis control panel is visible. 

The Upper Display Menu  
Unlike the other VIs, vid is always set to dual display mode, with the bottom display showing 
the last calculated pole/zero model. When you select Time from the Display menu, the upper 
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display will show time domain data from channel 1 in the trace 1 color (default=green) and 
from channel 2 in the trace 2 color (default=blue). When you select Frequency Response, the 
display shows the transfer function measured between channel 2 and channel 1 in the trace 2 
color and the transfer function from the pole/zero model in the trace 1 color. Selecting Plot 
Grids toggles grid lines on and off on both displays. 
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Major Control Groups 

There are four groups of controls for the vid, three of which are visible during the acquisition 
phase and one visible during the analysis phase. The Channel Setup, Frequency Range, and 
Excitation groups are visible when the Acquire Mode is selected. When the Analyze Mode is 
selected, the Analysis controls group is visible. 

Channel Setup 

This group is identical to that in the vos or vna. See “Channel Setup” in the Getting 
Acquainted section (Section 2). Channels 1 & 2 are always enabled, and the ID algorithm 
supports single input single output systems. 

Frequency Range 

This control group is a simplified version of the group in the vna/vsa. 

  

Figure 9-6 Frequency Range Group- vid 
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Excitation 
The Excitation group controls some of the stimulus characteristics to the DUT. Burst random 
noise is always used as the stimulus and is automatically set to cover the analysis frequency 
range.  

 

RMS Level if
Excitation Were

Continuous

dc Offset Value

Noise Off Time in
Frames

Number of  Time-
Domain Averages to

Perform  

 

        Figure 9-7 Excitation Group  

• The Level sets the amplitude of the burst 
random noise excitation. The readout is in 
rms. The actual rms will be diminished by 
the percentage of time the burst is in the off 
state. 

• The Noise off time sets noise off interval 
before the noise burst repeats again. This is 
typically not a critical parameter unless the 
DUT has a very high Q (i.e. low damping). 
In this case set the off time to be long 
enough to insure the system response to the 
noise has decayed to an insignificant level.  

Analysis 
 

Reference Channel

Response Channel

Maximum Model
Order

Forgetting Factor
z- or s-plane Model

File Information

 

Figure 9-8 Analysis Group - vid 

•  The Reference and Response channels can be selected, 
but it is recommended that the reference channel always 
be assigned to channel 1.  

•  The Maximum Model Order sets an upper bound on 
how many poles are initially used in the ID process. 
Excess pole/zero pairs are removed from the final model. 
You should use the minimum model order that provides 
an acceptable match between the model frequency 
response and the actual frequency response. 
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Measurement Storage 

The following MATLAB variables are save upon a File/Save operation on all enabled 
channels: 

• Vid_Poles - pole locations 

• Vid_Zeros - zero locations  

• Vid_Plane - either z- or s- plane 

• TimeDat - last time history 

• SampleRate - sample frequency 

• Navg - number of averages  

• CenterFreq - center frequency  

Two primary methods are available to access your data. These methods are illustrated in 
Section 4 of the SigLab Programming Guide. 
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SECTION 10.0  
SPECTRAL MAPPING & ORDER TRACKING 

(SMAP) 
 

Measurement Objectives 

The primary objective of smap is to allow SigLab users to collect sequences of power spectral 
measurements for the purposes of displaying intensity maps, waterfall plots or order tracks. 
You can also display time data to assist in setting up your measurement.  
 

Installation Requirements 

This application requires that The MathWorks MATLAB® version 5.2 or greater be installed 
on your computer. See Basic System requirements in Section 4.0 for the minimum color 
graphics requirements.  
 

Order Tracking Option 

As part of the basic SigLab software installation smap is installed without the order tracking 
capability. If you have ordered the optional order tracking module, you will receive an 
additional floppy disk labeled "smap order tracking option". This floppy contains the single 
file otrack.p which you must copy into your siglab\smap folder after the basic SigLab 
software installation is complete. This additional file enables the following smap features: 
 
• Speed measurements 
• Spectral maps with RPM vs. frequency vs. amplitude 
• Order normalized spectral maps 
• Order track displays 
• Start and stop measurements based on RPM limits 
• Limit acquisition to increasing or decreasing RPM 
• Acquire at specified RPM increments 
 
The features above are described throughout this section, so you should be aware that they 
will not be enabled without the order tracking option.
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The SMAP Product Tour 
Let's take a tour of some typical smap setups for an overview of available controls and 
information. When smap starts for the first time, the smap window will look similar to this: 
 

 

 
 
 
 

 
Figure 10-1 SMAP Display Window 

The above figure shows smap in its time and spectra mode, which is used primarily to set up 
the acquisition parameters in preparation for creating spectral maps or order tracks. The upper 
plot shows time domain data for channels 1 and 4 and the lower plot shows power spectra for 
channels one, two and four. (The channel number indicators are to the right of each plot.) 
 
 

Channel parameter box
Trigger mode selector

Plot selector box 
Menu bar

rmsSpeed

Speed mode selector
Run/stop button
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In above figure, an intensity map was selected for the upper plot and spectra was chosen for 
the lower plot. The slider to the right of the intensity map controls the position of the spectral 
map cursor (indicated by the reverse video bar). The spectral map contains data from all 
enabled channels (one, two & three in this case) but the map can only display one channel at a 
time. You can select which channel is shown by clicking on the number above the slider. 
When the spectral map cursor is moved the speed and rms values above the map and the 
frame counter below the map are updated to reflect the cursored data. Also all three channels 
of the lower plot are updated to reflect the data at the cursored position. The map's vertical 
axis is called the y-axis and can be in units of time, speed, or frame number (Kilo rpm in this 
example). The amplitude of the spectrum (z-axis) is represented by color. The color bar below 
the map and the numbers on either side of it show the range of values represented, with the 
smallest values at the left. The units for these z-axis limits are shown next to y units in the y-
axis label. Since we are viewing a spectral map, the test duration controls are enabled. 

 

Spectral map cursor sliderSpectral map cursor

Duration controls 
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In the above figure, waterfall plots were selected for both the upper and lower plots (showing 
channels one and three respectively). This is similar to the intensity map except that the 
display is three-dimensional. The y axis (usually speed or time) which was the vertical axis on 
the intensity map shown earlier is now moved to the axis nearest the cursor slider (although 
the positions of the x & y axis are swapped if you select a negative azimuth angle.) The 
vertical axis of the waterfall plot (referred to as the z-axis) represents the spectrum’s 
amplitude. The azimuth and elevation controls allow you to rotate the waterfall plots for better 
viewing of the data. 
 

 

Azimuth and elevation controls 
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Menus and Submenus 

File menu 
SMAP uses two different file types, .DAT and .SMP files. 
The .DAT files contain sequences of spectra from which the 
spectral maps and order tracks are derived. The .DAT files 
do not contain any setup information. All setup 
information and all data other than the spectral maps (time 
records, individual spectra, and history buffers) are saved 
in .SMP files. (Individual spectra are those collected in the 
time & spectra mode.) The .SMP files use MATLAB’s .mat 
file format and are described in detail at the end of this 
document. 
 
The Open submenu opens the standard window file 
selection box. When you select a .SMP file all the current 
setup parameters are overwritten with the parameters read 
from that file. The current measurement data (including the 
history buffer) is also overwritten with the data from the 
file. When you open a .SMP file (for example TEST3.SMP) 
smap will look for a corresponding .DAT file (TEST3.DAT in 
this instance) which, if it exists, will also be read to recall 
the previously acquired spectral map data.  

 
Open Last opens the files LAST.SMP and LAST.DAT, which are written every time you quit 
smap. As with Open, all current setup and data is overwritten. LAST.DAT is only written if a 
spectral map has been acquired. 
 
Load History Buffer presents you with a file selection box. After you select a .SMP file, the 
measurement data from that file will be loaded into the history buffer. The current setup 
parameters and measurement data are not modified. This is useful if you want to overlay a 
time record or an individual spectrum with previously acquired data that was saved to a file. 
 
The Save submenu writes the current setup and data to the file that was last read (i.e. the file 
whose name and path appear in the window's title bar). A file with the same name but with 
extension .DAT is also written if a spectral map or order track has been acquired. 
 
Save As is the same as Save except that you select the desired file name from a file selection 
box. 
 
Save to Default writes the current setup and data to files called DEFAULT.SMP and 
DEFAULT.DAT in the smap folder. Those are the files that smap opens when smap is started 
without specifying a setup file (i.e., when you type smap in the Matlab command window). 
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Save History Buffer saves individual time records or spectra (not spectral maps) for the 
purpose of comparing them against other measurements. The operation of the history buffer is 
described more completely in the section on the Run button. 
 
The Save to Text File, Save As to Text File and Plot in Excel submenus are described in 
Section 4 of this manual. 
 
 
If you select the About submenu, a new window appears (vi_about) which provides the 
following information: 
• Version number for smap 
• Version number and date of the SigLab dynamic link library 
• The SigLab bandwidth and number of input and output channels 
• Serial number and other hardware information for each SigLab 
• SCSI card and driver information 
 
The Notes submenu allows you to enter any text that you wish to be saved with the setup and 
data. 
 
Clicking on the Grids submenu will toggle the plot grids on or off. A check mark will appear 
next to the submenu when grids are currently turned on. 
 
Print opens the standard SigLab print dialog box described in Section 4 of this manual. 
 
Quit/Exit first writes the current setup and data to LAST.SMP (and LAST.DAT if a spectral map 
or order track was acquired) in the smap folder and then terminates the application. 
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Bandwidth menu 
The Bandwidth menu allows you to select 
baseband or zoom acquisition as well as the 
acquisition bandwidth and sample rate. If you 
select baseband, the bandwidth choices will be 
from 2Hz to 20kHz as shown at the far left (or 
from 5Hz to 50kHz if you have a SigLab 50-21). 
If you select zoom, your choices will range from 
±2Hz to ±5kHz as shown to the left (or from ±5Hz 
to ±10kHz for the SigLab 50-21). For zoom, an 
extra window appears as shown below, where you 
can select the zoom center frequency. After 
setting the zoom center frequency you may close 
that window or move it out of the way. It will 
reappear when you click on the zoom selection 
again. 
 
 
 

 
 

Processing menu 
The top eight choices in the Processing menu let you to choose the 
number of FFT lines in each spectrum. These selections 
correspond to frame sizes of 64, 128, 256, 512, 1024, 2048, 4096, 
and 8192 points respectively. The numbers in parentheses indicate 
the FFT bin width obtained with that selection. The numbers in 
parentheses will change when the bandwidth selection is changed. 
 
The next three choices specify the amount of frame overlapping to 
be used. These only apply when averaging is selected. 
 
If the overload reject submenu is checked, data frames that contain 
overloads will not be displayed or included in averaged results. 
  
The last four submenus are only seen if you have installed the 
order tracking option. With these submenus you can select which 
algorithm to use for computing order tracks. These methods are 
explained in the section called “Order tracking: what is it, and 
how is it computed?” near the end of this section.  
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Averaging menu 
Averaging is available when viewing individual spectra and for intensity maps, waterfall 

plots, or order tracks. However averaging is normally used 
only for individual spectra (time & spectrum mode). When you 
are acquiring spectral maps or order tracks you will almost 
always want to select Instantaneous (i.e., no averaging). 
 
The first six averaging selections allow you to select 
exponential averaging with one of six different time constants. 
The time constant values for the six choices depend on the 
bandwidth selection as well as the number of FFT lines. (The 
six choices are equivalent to 3, 6, 12, 25, 50 and 100 frame 
times respectively.) 
 
The next 10 choices are for additive averaging with the number 
of frames as shown, ranging from 1 frame to a billion frames. 
The actual averaging time (shown in parentheses) will also 
vary with the bandwidth and number of lines selections. (For 
spectral maps, Navg=1 is equivalent to instantaneous since the 
averaging is restarted for each spectrum in the map.) 
 
The last selection is Peak hold averaging which probably 
never makes sense for spectral maps or order tracks, but is 
sometimes useful when viewing individual spectra. 
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Window menu 
You use the Window Menu to select one of 13 FFT windows or 
no window (Boxcar). The window selection applies to all spectra, 
spectral maps, and order tracks. You may also choose between 
amplitude or power correction. (Of course, the amplitude or 
power correction choice is irrelevant when Boxcar is selected.). If 
you are unfamiliar with these windows, refer to the Dynamic 
Signal Analysis (vna) section of this users guide. If you want to 
view the time and frequency shapes for any of these windows, 
type winplot in the Matlab command window and then select the 
desired window from winplot’s popup control. Also you can find 
a good description of the need for amplitude or power correction 
in the DSA tutorial in the application center at 
http://www.dspt.com/sig/frsap.html. 
 
 
 
 
 
 
 

View menu 
You use the View menu to select whether you want to 
view the upper or lower plots, or both. You also have 
these five choices for both upper and lower plots: 
 
Time:   Amplitude vs. time. 
Spectra:   FFT based power spectrum 
Order track:  Amplitude of specified order vs. speed 
Intensity map: Two-dimensional spectral map 
Waterfall:  Three-dimensional spectral map 
 
In this example, the five choices for the lower display are 
grayed out since the lower display is not enabled. If you 
click on Lower or Dual then these five choices will 
reappear allowing you to select them. You can choose 
any of the five display functions for the upper plot 
without even opening the view menu by using the control 
keys indicated (however you must use the display menu 
to change the display function of the lower plot). If you 
don’t have the order tracking module installed then the 
Upper: order track and Lower: order track menus will 
not appear. 
 

 

 

http://www.dspt.com/sig/frsap.html
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Checking the Channel labels menu allows you to view and alter the channel labels in the 
upper right corner of each plot. The channel labels are of the form "ch#: UserEnteredText, 
order ??" where # is a channel number from 1 to 28 and ?? is the order number. (The ",order 
??" part appears only on order track displays). In addition if the trace is from the history buffer 
the string "(history)" will be tacked on the end of the channel label. For a less cluttered plot 
you may want to uncheck the channel labels menu. 
 
The display default size is chosen to fit on a standard (640 by 480) display. However you can 
resize the figure window by dragging the window edges or by selecting the maximize window 
button. The easiest way to go back to the default size is to select the Size: 640x480 option in 
the view menu. If you choose a figure size smaller than this default, some controls may 
overlap. A slightly larger size of 640x600 pixels can also be conveniently selected from the 
view menu. That size is just large enough to allow viewing of four channels in the channel 
parameter box. 
 

Map menu 
The Map menu controls the display style for spectral maps. 
 
When you check Solid, the space between the spectral lines of the 
intensity map will be filled in for a more pleasing "solid" look. 
Likewise, the waterfall plots will have a solid look by filling in the space 
between the spectral lines and using color mapping. If you uncheck 
Solid there will be gaps between the spectral lines, which are plotted one 
pixel wide. When the Solid menu is unchecked for a waterfall plot, the 
waterfall looks more like a wire frame model. 
 
The Hidden menu only applies to waterfall plots. When it's checked, 
hidden lines are suppressed, greatly easing display interpretation. The 
main advantage of unchecking this menu is that displays update faster. 
 
The remaining submenus apply both to waterfall plots (when Solid is 
checked) and to intensity maps. You may want to click on each color 
scheme to find the one that is most pleasing to you. 
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Units menu 
The units menu offers a wide range of display 
options. For each display (upper, lower) you may 
choose: 
 
Volts: Use Volts, ignoring the units in the 

               channel setup box 
Eng. units: Use the units in the channel setup box 
d(EU)/dt: First derivative of the engineering unit 
d2(EU)/dt: 2nd derivative of the engineering unit 
int(EU)/dt: First integral of the engineering unit 
int2(EU)/dt: Double integral of the engineering unit. 
Full scale: 1.0 represents full scale input (useful 

               when overlaying several time traces) 
 
When you only enable the upper display from the 
view menu, the seven selections for the lower display 
will be grayed out. Similarly, if you only enable the 
lower display, the seven selections for the upper 
display are grayed out. 
 
The speed units selection (which is grayed out if you 
don’t have the order tracking option installed) gives 
you the choice of cps (rotations per second), rpm, or 
Krpm (thousands of rotations per minute). These 
units will be used for the speed limits entry as well as 
for the spectral map y-axis when speed is chosen for 
that axis. (see the XYZ axis menu below). 

 
Th
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e last two submenus select the x-axis units for plots of individual spectra or spectral maps. 
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XYZ menu 
The XYZ menu is where you specify the units to be plotted for 
each axis.  Your choices for the x-axis are: 

Lin:  Linear (Hertz) 
Log: Logarithmic (Hertz) 
Order: Frequency/Speed (linear) 

 
The next three submenus allow you to choose the type of y axis 
used for spectral maps.  mapY:frame refers to a record number 
(beginning with one) and produces a spectral map with uniform 
spacing for all records. When you choose mapY: time, seconds will 
be used for the y-axis unit. If you choose mapY: speed, the y-axis 
unit is determined by the speed selection of the units menu (see 
above). Note that these three selections also control the units for the 
x axis used for order tracks. The mapY: speed selection is grayed 
out if you don’t have the order tracking option. 
 
The next 11 selections are labeled "yz" because they determine the     
y-axis type for individual spectra or the z-axis type for spectral 
maps. (All these units are in rms.) The y-axis label will be the same 
as one of these 11 choices except that the "V" will be replaced with 
the word Volts or with the word Fullscale, or with the engineering 
unit name depending on the choice made in the unit's menu. 

 
If you select dB (as in this example) and you have also selected engineering units (units menu 
above), then the dB reference is displayed in terms of the engineering unit. (The default 
reference is 100 µm/sec2). You may change this default by clicking on the "100" and typing in 
a new value. Clicking on the y-axis label will have no effect unless both engineering units and 
dB are selected. 
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Macro menu 
When SMAP starts, it looks for a file called SMAPMAC.M in the 
smap directory. An example SMAPMAC.M is included (shown below) 
that causes the macro menu to appear as shown to the left. You can 
add or remove items from this menu simply by editing the 
SMAPMAC.M file. If you remove this file entirely, the Macro menu 
will no longer appear on the menu bar. Note that each macro is 
automatically assigned a hot key (CONTROL plus a digit) so you 
can execute the macro without even opening the Macro menu. 
 
 
 
 

switch SMAPmac 
  case 'GetMap', [Fvec,AspecDat,Speed] = smap('get','map',1); 
  case 'PlotMap', % plot the first 10 spectra from channel 1 (overlaid) 

[a b] = smap('get','map',1); cplot(a,b(:,1:10)); 
  case 'GetTrack', [Xvec,Yvec,Param] = smap('get','track'); 
  case 'PlotTrack', % plot all selected orders from upper and lower displays 

[a b c] = smap('get','track'); 
id = [c{2}; c{1}];   % [order numbers; channel numbers] 
id = reshape(sprintf('o%-3gc%1d',id),6,length(c{2}))'; 
cplot(a,b,'LabelX',c{3},'LabelY',c{4},'TRACEid',id); 

  case 'GetTime', [Tvec,TimeDat,TimeMap] = smap('get','time'); 
  case 'PlotTime', [a,b] = smap('get','time');  cplot(a,b); 
  case 'GetPSD', [Fvec,AspecDat,AspecMap] = smap('get','psd'); 
  case 'PlotPSD', [a b] = smap('get','psd');  cplot(a,b); 
  case 'AddPSD', [a,b] = smap('get','psd'); 

b = sum(b');   % add all channels together 
cplot(a',10*log10(abs(b)));  % convert to dB 

end; 
 
If you modify this file, you may have to restart smap before the change takes effect. For this 
reason it's easiest to test your modifications from the command window while smap is 
running. For example, if you modified the 'PlotTrack' macro, type the following in the 
command window: 

 SMAPmac = 'PlotTrack'; 
smapmac; 

 
Help menu 
Selecting the help menu opens your pdf reader with the smap section of the online manual 
visible  (the section you are currently reading). 
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The Run button 
When you push the Run button, the data acquisition and display update process starts 
and the Run button changes to a Stop button. 
 When you push the Stop button, data acquisition and display updates will halt and the 
Stop button changes back to the Run button. The Run/Stop button is not a status 

indicator. It is a command to SMAP. 
 

Using Run/Stop in time/spectra mode 
SMAP has two acquisition modes, time/spectra mode and spectral map mode. The 
time/spectra mode is used when no spectral maps or order tracks are visible on the screen. In 
the time/spectra mode the acquisition will run forever once the Run button is pushed unless: 
• You push the Stop button   -OR- 
• Additive averaging is selected, and the averaging count has been satisfied 
Acquisition even continues if an acquisition parameter is changed (bandwidth, number of 
lines, triggering, number of enabled channels, etc.) in which case the average buffer is cleared 
and averaging resumes using the new parameter. When you change the number of additive 
averages, (Navg) acquisition will stop if the number of averages completed is larger than the 
new value of Navg. The duration and speed limit controls have no effect on acquisition in the 
time/spectra mode. 
 

Using Run/Stop for spectral mapping 
After you select spectral map or order track display (from the view menu), the data acquisition 
process will switch to the spectral map mode. In this mode the acquisition may still be started 
and stopped with the Run/Stop button, but it is also controlled by the duration and speed 
menus described later. In spectral map mode the Run/Stop button has an additional function 
which is invoked by right clicking on the button instead of the usual left click. When you do 
this, the spectral map will not update as with the left click, however the speed and rms readout 
above the plot will update. (Also if you are using dual display mode to show both a spectrum 
and a spectral map, the individual spectrum plot will update along with the speed/rpm 
readout). This right click mode is useful for quick setup changes when you don’t need to 
update the spectral map. 
 

Using Run/Stop for loading the history buffer 
Loading the history buffer is yet another function of the Run button. This only applies to the 
time/spectra mode. The history buffer consists of separate sections for the time and spectral 
data for each active channel. (The plot selector section below shows how to select the history 
buffer for display.) When you push the Run button, the current data is loaded into the history 
buffer before acquisition begins. This function of the Run button gives you an easy way to 
view currently acquiring data or just acquired data overlaid with the results of the previous 
average. 
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Sometimes however you may wish to store something more permanently than until the next 
time Run is pushed. Of course you can choose SaveAs from the File menu and give the data a 
name. However, when  you want a quicker method,  click on the Save History Buffer submenu 
in the File menu (or press Control-V) and the current data is saved in the history buffer. The 
history buffer will not be overwritten until the Save History Buffer menu is selected again. 
You may think of this as an alternate mode of the history buffer,  since the Run button no 
longer causes anything to happen with the history buffer. The history buffer is reset to its 
normal mode after any file operation except Load History Buffer. (Selecting Print or Notes 
from the File menu are convenient ways to do this since it works even if you cancel the print 
or notes operation). 
 

Plot Selector box 
The plot selector box is where you select the channel numbers that you wish to view. 
Each plot (upper and lower) has its own plot selector box at the far right edge of the 
display area. For a time, spectra, or order track display, up to four channels may be 
displayed at once, each in a different color. The channel number is shown in the same 
color as its associated trace. (You may change the colors used for these four traces by 
modifying the Trace1 through Trace4 colors in the vicolor utility.) Three dashes (---) 

are used in place of a channel number when one of the traces is not being used. In the example 
above we have chosen to display 3 traces from channels 1,2, and 4 in blue, green, and red 
respectively. For a spectral map display, since only one channel may be viewed at a time, only 
the top number in the plot selector box is visible. (The other three channel numbers are 
covered by the spectral map cursor position slider.) 
 

 
When you click on one of these numbers (or dashes) in the plot selector box, a popup 
menu will appear that lets you choose one of the enabled channels (or "---" if you don't 
want any plot in that position). Only the channels enabled via the channel selection box 
will appear in this popup. For example, if only channel 3 is enabled then the popup will 
offer you only two choices (--- and 03). 
 
 
 
 
If you select the same channel number for two different traces on the same plot, the 
second of these two identical channel numbers in the plot selector box will appear in a 
bold italic font. The bold italics indicate that the associated trace will be used to 
display the history buffer instead of the currently acquired data.  
 

If you want to average data with no displays updating, select dashes in all four plot selectors. 
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Channel Parameter box 
This area, in the lower left portion of 
the SMAP window, is where all 
channel-related parameters are 
chosen. The parameters for only two 

or four channels are shown at a time. (Four at a time are shown if the figure height is 600 
pixels or more). If your SigLab has more channels than can be viewed in the channel 
parameter box, then you will see plus and minus signs at the far left. Clicking on these will 
allow you to view the parameters for the other channels. (The +/- will increase/decrease the 
channel numbers respectively.) Enabled channels are shown in bright characters (using the 
axis color). Disabled channels are shown in dim characters. (Channel 3 in the above example 
is disabled). To toggle the enable status of a channel, click on the channel number. When you 
enable a channel, it will automatically be added to the plot selector list at the first available "--
-" (unless all 4 plots are already enabled). Likewise when you disable a channel, it will be 
removed from the plot selector list if it is currently being displayed. 
 
When a channel is disabled, all the associated channel parameters are also shown in grayed 
characters. However when the channel is enabled, the parameters are brightened, and you can 
change them by clicking on them. The parameters from left to right are: 

Full scale 
The choice of full-scale ranges varies from 20mV to 10V in 6dB steps (i.e. factors of 
two). Clicking on the full-scale range of an enabled channel causes this popup to 
appear showing the allowable full scale ranges. (The current selection is shown in 
bold.) When you click on the desired range, the popup disappears leaving the selected 
choice in its place. 
 
 
 
 
 

Coupling 
Clicking toggles this field between DCoff= and AC. If the ICP  (Integrated-Circuit 
Piezoelectric) bias source option board is installed then this field will toggle among three 
choices, the third choice being Bias. 

DC offset 
If AC or Bias coupling is selected this field will be blank. If DC coupling is selected this field 
will be a number between -10 and 10 volts. To change this number, just click on it and start 
typing. When you press Enter, the new number will be applied. If the entry is illegal, or if you 
press escape during the entry, the field will be restored with its last legal entry. (Using the 
backspace key during entry results in backing up one character). 
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Engineering unit value 
The rules for entering this are the same as for the DC offset. Note that you are not limited to 
just typing in a number here. For example if you type log10(8*pi), after you press enter the 
field will be filled in with "1.40024". This trick applies anywhere a number entry is accepted. 

Engineering unit name 
The engineering unit name entered here may be as long as you like, however after more than 
about 10 characters it starts to flow outside the bounds of the channel parameter box. Special 
characters may be entered using standard LaTex commands. For example Greek characters 
are represented by a backslash followed by the character name. So µPascal may be entered as 
"\muPascal". Refer to the MATLAB documentation for other LaTex commands. 
 

Duration menus 
The duration menus only apply when you are in 
spectral map or order tracking modes. They control 

how long the test will take and the interval between successive spectral measurements. In this 
example, the test is set to terminate after 100 frames have been collected, with a time interval 
between frames of no less than .1 seconds. (It may be more than .1 seconds if the frame 
acquisition time is more than .1 seconds.). To change the number of frames from 100 to some 
other number, simply click on the 100, and enter the new number (followed by pressing the 
Enter key). If you enter a duration time of zero (regardless of the unit), the test will run 
forever or until you press the stop button (or until your computer runs out of memory to store 
the spectral map). 
 

You can also change the units for the test duration. Click on the unit name (frames in 
this example) and you will see a popup with the three choices shown. 
 

 
To the right of the duration time is a selection for the interval between successive spectrum in 
the spectral map (∆=). If you enter 0, the spectra will be acquired as fast as possible. (You can 
acquire many more spectra per second by turning off display updates during acquisition. You 
can do that by selecting no channel ('---') for the topmost position of either the upper or lower 
plot selector box.). 
 

 The choices for the units for this interval are: seconds, minutes, frames, speed, 
or speed relative. (Speed will be in cps, rpm, or Krpm depending on the selection 
in the units menu). For all the choices except speed relative, spectra will be 
acquired at a rate such that the selected interval will be achieved on average. 
This means that some intervals will be shorter or longer than the selected value. 

For example, when you select a speed interval of 80 rpm, SMAP will attempt to collect one 
spectrum every 80 rpm on average throughout the test. However when you select the speed 
interval of 80 rpm (rel), SMAP will always wait until the speed advances by at least 80 rpm 
from one spectrum to the next. Thus the speed (relative) selection will always cause the same 
or fewer spectra to be collected will the speed selection with the same interval value. 
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Speed menu 
 

The speed menus define how to determine the 
rotational speed of the device under test and constrain 

the acquisition to specified speed criteria. 
 

The first menu is a popup that defines the speed source. If you select the first choice 
(none), no speed information will be measured, computed, recorded or displayed. If 
you choose triggered (trig), a pulse will be counted whenever the trigger conditions 
are satisfied as specified in the trigger menu. (Note that the trigger source can be an 
input channel or the external TTL trigger input.) If you choose freq1 or freq2, the 
speed will be based on the frequency of the largest tone present on input channels 1 

and 2 respectively. If you choose dc1 or dc2, the speed will be based on the dc level present 
on input channels 1 and 2 respectively. 
 
For the trig, freq1, and freq2 selections you can enter the number of pulses per revolution 
(ppr) immediately to the right of the speed source popup. For the dc1 and dc2 selections 
instead of ppr you will see a parameter for the speed sensor sensitivity (in cps per volt). 
 

To the right of that is the speed range selection. By clicking on the popup with the arrows 
(or the word all) you can select one of the following forms: 
      1.)  all 
      2.)  A ⇒ Β⇒ Β⇒ Β⇒ Β 

3.)  A ⇐ ⇐ ⇐ ⇐ B 
4.) A ⇔⇔⇔⇔ B 

 
• Choice 1 (all) means that data will be collected for all speeds, i.e. that data will be 

collected no matter if the speed is increasing or decreasing. It also means that speed will 
not be used as a criterion for terminating the test. (i.e. the test will stop only if you press 
the stop button or if the test duration limit is satisfied). Note that when you select all, The 
A/B numbers on either side of the popup do not appear. If you select choices 2,3,or 4 two 
other numbers will appear (A and B) which represent the speed limits (in cps, rpm, or 
Krpm depending on the units selection in the units menu). Note that A must be less than B 
or no data will be collected. 
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• Choice 2 (A ⇒ Β ) , useful for acquisition of machine runups, means that data collection 

will not begin until the speed is measured to be greater than A. Then data will be collected 
as long as the speed is increasing. (If the speed decreases, the data is discarded until the 
speed again surpasses the speed associated with the last recorded spectrum.) As soon as 
the speed is greater than B (for two successive measurements) the acquisition is 
terminated.  

 
• Choice 3 (A ⇐ B), useful for acquisition of machine rundowns, is similar to choice 2 

except that data is only collected when the speed is decreasing. (Acquisition begins when 
the speed goes below B and stops when it goes below A.)  

 
• Choice 4 (A ⇔ B) is similar to "For All" in that data is collected for both increasing and 

decreasing speeds and in that speed is not used to terminate the test. However data will not 
be collected unless the speed is greater than A and less than B. 
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Trigger menus 
Although triggering is not normally used for spectral maps or order tracking, triggering is 
included to round out SMAP’s general time and frequency domain analysis capability. The 
trigger menu has five controls. 
 

 
 
 
 
 
 

Mode 
Left clicking on the trigger mode selection will rotate among these choices: 
 

Free run No triggering 
TriggerDelay Trigger on every frame 
1stOnlyDelay Trigger on the first frame only 

 
Unless Free run is chosen, the trigger delay and trigger source are also shown. Right clicking 
on the trigger mode parameter rotates among the three selections in the reverse direction. 
 

Delay 
The trigger delay is expressed in terms of percent of frame time, with positive numbers 
meaning post-trigger and negative numbers for pre-trigger. When you click on the trigger 
delay parameter, a popup menu appears allowing you to choose among 21 choices ranging 
from -100% to +100% in steps of 10%.  
 

Source 
When you click on the trigger source, a popup menu allows you to choose any of the input 
channels as the trigger source or Out, which represents output channel one. 
 
If the trigger source is an input channel, the trigger level and slope will be visible. When you 
click on the trigger level parameter, a popup menu allows you to choose among 17 choices 
ranging from -71% to +71% (of full scale input). 
 

Slope 
The choices for trigger slope are pos and neg. Clicking toggles or reverses the existing state. 

Mode 

Delay 

Source 
Level 

Slope 
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Upper and Lower Displays 

Now let's look at the displays in more detail. The total power is displayed numerically above 
the uppermost plot (next to the speed readout if a speed source is selected). The units are 
always in Vrms (not dB for example) or in EUrms if engineering units were selected on either 
the upper or lower plots. All enabled channels are shown; not just the displayed channels. 
However, depending on the window size, if more than about 7 channels are enabled you may 
not see the rms value for all enabled channels. You may notice that with high bandwidths the 
speed/rpm information above the plots do not update as often as the plots. This is because 
there is a limitation on this update rate (0.3 seconds by default) to make the numbers easier to 
read. You can change this .3 second update rate by left/right clicking on the speed/rpm 
readout to increase/decrease the delay in steps of 0.1 seconds. If you select a delay of zero, 
then the speed/rpm information will update at the same rate as the plots. (A delay of inf will 
prevent the speed/rpm information updating.) 
 

Intensity map limits  
When you select an intensity map for 
either the upper or lower display, below 
the display you will see a color bar with 
the lower/upper z-axis limits shown to the 

left/right of the color bar. The actual colors used for the color bar (and the intensity map) will 
depend on your color selection in the map menu. To change one of these z-axis limits, simply 
click on the number and enter a new value. The unit for these z-axis limits is shown after the 
"Z:" in the y-axis label. (There is not enough room for the units near the color bar). 
 
You can also change the x or y axis limits by simply clicking on them. For example, if the x 
limits are 0 to 20 kHz and you want to change it to 4 to 7 kHz, just click on the "0" and type 
"4" (the prompt will be "xmin=" over the color bar) and then click on the "20" and type "7" 
(the prompt will be "xmax="). As a shortcut you could change both the upper and lower limits 
at the same time by clicking on either the 0 or the 20 and typing any of the following: 
• 4,7 
• 4;7 
• 4 7 
• [4,7] 
• [4;7] 
• [4 7] 
• Or even  [2^3 14]/sqrt(4) 
You can also change the x and y limits at the same time by clicking on any of the limits and 
typing "Xmin,Xmax,Ymin,Ymax". If you attempt to set a max limit smaller than a min limit, 
you will hear a beep and the old axis limits will be retained. 
 
If you switch from an intensity map to a waterfall plot, the color bar will still appear, however 
the z-axis limits on either side of the color bar will not appear. This is because with the 3d 
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view the z axis appears as a separate axis on the plot (the vertical axis) and the z-axis limits 
may be modified by the same procedure described for the intensity map x and y limits. Also 
the units for the z-axis limits now appear in their proper place as the z-axis label. You may 
modify the lower/upper x, y, or z axis limits as a pair (lower/upper) of numbers as described 
above or you may modify all the limits at once by clicking on any of the six limits and typing 
"Xmin, Xmax, Ymin, Ymax, Zmin, Zmax" 
 
If you have a dual display with one plot showing a spectrum and the other showing a spectral 
map (intensity or waterfall), you can expand both the x and z axis at the same time as follows: 
• In the spectrum display draw a rectangle around the area of interest using the double click 

and drag method, then click in the rectangle to expand the display. 
• Then click on the color bar below the spectral map, and the spectral map x and z limits 

will be set to agree with the spectrum display. 
 
This does not affect the spectral map y-axis limits since the y axis does not relate to any 
parameters on the spectrum plot. 
 

Viewing angle control 
 
For waterfall plots, viewing angle controls are to the right of the lower 
color bar. These controls affect the viewing angle of both the lower and 
upper displays when both are set to waterfall. When you click on the 
azimuth angle, you will see the popup menu of choices from -80 to 80 
degrees shown with the current choice in bold. If you select a negative 
azimuth angle, the x and y axes will swap positions (i.e. the x axis moves 
to the right of the y axis). When you click on the elevation angle, you 
will see a popup menu of choices from 10 to 90 degrees. (The z-axis 
limits can’t be modified when a 90-degree elevation is chosen because 
the z-axis disappears from view.)  
 
If you just want to modify the viewing angle slightly, you can do so by 

clicking on the "az:" or "elev:" labels. Using a left click will increase the 
respective angle by 10 degrees, and using a right click will decrease the angle by 
10 degrees. Clicking on the label is circular, so that if you are already at the 
maximum angle, left clicking will change it to the minimum angle. 
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Cursor control 

The spectral map cursor scroll bar 
When you have finished acquiring your spectral map (i.e. you hit the stop button or the test 
duration limit is satisfied), you use the scroll bar to the right of the map to control the map's 
cursor. Clicking on the scroll bar up/down arrows moves the cursor by one frame. Clicking on 
the trough area moves the cursor by 10 frames. The frame number currently cursored is shown 
below the plot along with the time that the frame was acquired. (time 0 = start of run). The 
speed for that frame (if Speed is enabled) and the rms values for all enabled channels are 
shown above the upper plot. If you are in dual display mode and the other display is a 
spectrum display, then the current spectrum being cursored in the map will be displayed in the 
lower display for a more detailed view. 
 

Displaying the peak spectrum 
A special feature of the spectral map cursor is activated when all these condtions are met: 
• Dual displays are selected 
• One display is a spectral map 
• The other display is an individual spectrum display 
• You attempt to select frame number zero 
 
Frame zero doesn't actually exist, since frames are numbered starting at one. However when 
frame 1 is selected and you click the cursor scroll bar down arrow, the individual spectrum 
plot will switch to the peak spectrum mode. The frame number readout below the plot 
changes from "Frame 1: xxxx seconds" to "Peak spectrum" to indicate this mode is active. 
The individual spectrum display will then display the spectrum that would have resulted if      
peak-hold averaging was chosen for the duration of the spectral map acquisition. You can 
think of this as an envelope of the spectral map data. To switch back to the normal mode of 
the individual spectrum display, simply move the cursor scroll bar. 
 

Order track selection 
When an order track display is selected from the view menu, four additional numbers 
appear below the usual four numbers in the channel selection box. These numbers 
indicate the order to be displayed for each of the four traces on that plot. In the example 
to the left, the first two traces (green and blue) will show the 7th and 12th order of 
channel 1, and the last two traces (yellow and red) will show the 7th and 12th order of 
channel 2. The channel numbers are modified in the usual way as described above (plot 
selector box); i.e., you click on them and select the desired channel number from the 
popup menu. To modify the order numbers, you simply click on them, type in a new 
value, and press Enter. If you enter an invalid number (e.g., "5.A" or -3) smap will beep 
and restore the previous entry. (Note: If you have selected order track for both the upper 

and lower displays, then up to eight channel/order pairs may be displayed simultaneously.). 
Since smap saves the complete sequence of spectra acquired during the run, you may change 
which orders you want to view even after the test is complete. The display will update when 
the new order number is entered. 
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From what’s explained above, you already know enough to select the desired orders. To 
start, it’s easiest to just skip the rest of this page. However if you use order tracks often 
and are continually changing which channels and orders you want to view, there are 
several shortcuts which may help. One shortcut is that you may use "---" in the plot 
selector box to indicate that the channel number is the same as for the selection above. 
For example, the channels and orders selected in the previous example may also be 
selected as shown to the left. That shortcut is particularly useful if you are displaying 
many orders for a single channel. (Note that although for all other display types the "---" 
in the channel selection box means the trace is inactive, for order track displays that’s 
not true.) 
 

 
As another example, here we have selected orders 1,3, and 5 of channel 1. Then if we 
want to view these same orders for channel 2, all we have to change is the top entry of 
the channel selection box. 
 
Notice that the bottom entry is "~~". This is the indication used when no plot is to appear 
for that trace. When a number appears in the order selection area, the trace of the 
corresponding order will always appear.  For example, if you no longer wish to view the 
3rd order, just click on the 3 and press ~~ (or you could just press ~, or easier yet press 
0). Then press the Enter key. Another shortcut is that you can enter more than one order 
at a time. For instance, in the example above, you could click on the "3" and enter "7 8 

11" to see orders 1,7,8, and 11. Instead of spaces, you may also use commas or semicolons 
between the numbers if you like. Note that only the positions below the one you click on are 
modified. So if you had entered "7,8,11,12" the 12 would be ignored. If both plots are active, 
you can modify all eight orders this way by clicking on the topmost number. Suppose you 
then entered "2:.5:6". Then you would see orders 2, 2.5, 3, 3.5, 4, 4.5, 5, and 5.5. (Note that 
any legal Matlab expression is allowed). Or suppose you wanted to look at the third order for 
eight different channels. You could click on the top one and type "3,3,3,3,3,3,3,3" or (not 
really easier) you could type "3*ones(1,8)". Since this happens often, there is one more 
shortcut. You could type "3,". The comma means to repeat the 3 until there are no slots left. 
This applies to ~ as well, so you could clear all eight traces by entering "~," or "0,". If all these 
shortcuts seem like too much work, don't worry about them. 

 

 



Section 10.0 Spectral Mapping & Order Tracking Calibration 

Spectral Dynamics, Inc. SigLab User Guide 10 - 25 
8/9/01S2022D1/A 
 

Calibration 

You can set the engineering unit value for any input channel by cursoring any data point and 
adjusting the y-value of that point by typing the desired value into the y-value editbox. 
 
For example, suppose you have a accelerometer calibrator that produces 100µm/sec2 at 1kHz. 
Put the calibrator on the accelerometer connected to channel 1 and make a measurement. Now 
select a spectrum display (not a spectral map) in the upper or lower plot and select 
"Engineering Units" from the units menu. First let's assume the yz units in the XYZ menu is 
set to dB. The y-axis label should be "dB (ref = 100µm/sec2)". If it's not, click on the y-axis 
label and type in the number 100 (or whatever value your calibrator produces). Now put 
cursor at 1kHz on the spectrum display. The y-value will likely appear as different from 0dB 
(unless channel 1 was previously calibrated). Now simply click on the y-value edit box and 
type in 0. The engineering unit value will then automatically be set to the proper number of 
µm/sec2 per volt. Now suppose the yz units in the XYZ menu is set to "V". Cursor the 1kHz 
value. Click on the y-value edit box and type in 100. Again the engineering unit value will be 
set to the appropriate value. This procedure also works with microphone calibrators (usually 
94 dB, ref 20µPascals) or any time you have a known signal level. Essentially you are telling 
smap, that you want a certain spectral value to be a specified number. Smap complies by 
setting the engineering unit value appropriately. In the same way, you can also force a desired 
value on a time display or even an order track display, although neither is an accurate 
calibration method. A common mistake is to try this when engineering units have not been 
enabled (from the units menu). In that case, when you enter the desired value in the y-value 
edit box, the cursor merely moves to the entered value, and the engineering unit value in the 
channel setup box will not change (much to your consternation).  
 
If you are viewing more than one channel, be careful to note the cursor color, since this 
identifies which trace is being cursored and therefore which channel will be calibrated when 
the y-value is entered. 
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Order Tracking  

What is it, and how is it computed?  
Select intensity map in the upper display and spectrum in the lower display. The lower plot 
will now show a horizontal slice of the upper plot where the vertical position of this slice is 
controlled by the cursor scroll bar to the right of the spectral map. 
 
You may also display a vertical slice by selecting order track for the lower display. Actually 
it will only be vertical if you choose order for the x-axis type in the XYZ menu. Otherwise it 
would be a slanted slice (like a forward slash). 
 
You can display up to four of these slices at once on the lower plot. The horizontal position of 
each of these slices is controlled by the order numbers to the right of the order-track plot 
(below the channel numbers). Since this slice is going through a discrete function instead of a 
continuous function, a choice must be made regarding how to interpolate to the specified 
position. 
 

Interpolation choices 
One choice would be to simply linearly interpolate between the two nearest spectral bins to 
the specified order. (That is the method used if you selected the last choice Track: interpolate 
in the processing menu.) For example, suppose you chose the 5th order as the position of the 
slice. Suppose your spectra have a resolution (bin width) of 10 Hertz, and for a particular 
spectrum, the speed was measured to be 101Hz. Then the 4th order would be at 505 Hz. 
which falls midway between bins 50 and 51 of the spectrum. So these two bins would be 
averaged to produce the order track value for that spectrum. This process is repeated for every 
spectrum in the map and for every order chosen. 
 
This interpolation method is not the only choice however. Other methods usually produce 
better results:  
 
• With the second choice in the processing menu, Track: 1 bin, smap simply picks the 

nearest bin to the specified order.  
 
• With the third choice Track: peak, smap uses the value of the largest bin that is within .3 

orders of the value specified. (In the example above this would be between orders 3.7 and 
4.3 which is from 373.7 Hz to 434.3. So the largest of bins 37 through 43 would be used.) 

 
• With the first choice, Track: 3 bins, smap computes the order value by summing the 3 bins 

nearest the specified order. This choice is listed first since it most often produces the best 
order track results, especially when the Hanning window is chosen. 
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Calling Arguments 

The calling sequence is [Out1,Out2,Out3]=smap(Action,In1,In2); where the actions are: 

   'get', 
       'map' Channel in In2  specifies which channel to return (default = 1) 
 Fvec in Out1 x-axis frequency vector in Hz (column vector) 

AspecDat in Out2 each column contains one spectrum of the map for 
the  channel specified by In2          

 Speed in Out3 1st row is time of acquisition for each spectrum, 
     2nd row is measured speed for each spectrum 

  

      'track' Xvec in Out1 order track x-vector 
 Yvec in Out2 each column is one order 
 Param in Out3 Out3{1} is a row vector containing channel numbers 
     Out3{2} is a row vector containing the order numbers 
     Out3{3} is the x-axis label corresponding to Xvec 
     Out3{4} is the y-axis label corresponding to Yvec 
 
       'psd' Fvec in Out1 
 AspecDat in Out2 in units of volts squared 
 AspecMap in Out3 all enabled channels are included 
 
       'time' Tvec in Out1 valid only if time is being plotted 
 TimeDat in Out2 in units of volts 
 TimeMap in Out3 all enabled channels are included 
 
       'acqpar' SystemClk in Out1 
 SampleRate in Out2 
 
       'file' path in Out1 
 filename in Out2 
 
       'note_c' User notes in Out1 
 
   'set' 
       'note_c' Set user notes 
 
   'init' Starts smap. Smap with no arguments is equivalent to smap('init') 
      In1,In2 path and filename (respectively) of smap setup file 
 
   '?' Before starting smap, select a file from the folder chosen by vip (type smap ?) 
   '??' Before starting smap, select a file from the siglab\smap folder (type smap ??)  
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!!!!EXAMPLE 
 
Example 1:  
To overlay the first 10 spectra from channel 3 of the spectral map type: 

[a b] = smap('get','map',3); cplot(a,b(:,1:10)); 
 
Example 2: 
To overlay all order tracks currently visible on both upper and lower dispays type:  

[a b] = smap('get','track'); cplot(a,b); 
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File Formats 

When you save setups and data via the File menu (Save, SaveAs) two files are written with the 
specified base file name, the first with extension .SMP and the second with extension .DAT. 
The .DAT file is a simple binary format that contains the spectral map data including the time 
and speed associated with each spectrum of the map. (The .DAT file is not written if spectral 
map data has not been acquired.) As an example, suppose you acquired a single channel 
spectral map containing 100 spectra using the 200 FFT line selection. (Actually 201 lines are 
saved). The .DAT file will contain 20300 single precision floating point numbers (81,200 
bytes). The first 201 numbers compose the first spectrum. The next two numbers are the time 
(in seconds) and the speed (in cps) associated with the first spectrum. Then the other 99 
spectra follow in the same manner. 
 
All other data and setup parameters are saved in the .SMP file. The .SMP file uses Matlab’s 
.mat file format. Therefore if you like, you may load the data from a .SMP file into Matlab’s 
workspace with the command:  load filename.smp  –mat 
 
If you do that, the following variables will be added to the workspace: 
 
SystemClk  The fundamental system sampling clock (51200 for a SigLab 20-42) 
vi_timestamp  The time of acquisition:  [year month day hour minute second] 
UserNotes A string containing the notes in the Notes dialog box (in the file menu) 
 
Fvec  x-axis data for all spectral plots (column vector) 
MPpsd  y-axis data for individual spectral plots (a column per enabled channel) 
 cplot(Fvec,MPpsd) will display all the acquired individual spectra 
MPps  y-axis data for individual spectra stored the history buffer 
 
Tvec  x-axis data for time domain plots (column vector) 
MPtime  y-axis data for time domain plots (n columns if n channels are enabled) 
  cplot(Fvec,MPtime) will display all the acquired time histories 
MPtim  y-axis data for the time domain plots stored in the history buffer 
 
MPeun  The n'th element of this array is the engineering unit name for channel n. 
MPlbl  The n'th element of this cell array is the channel label for the channel n. 
MPovld  A list of overloaded channels. Zero if no overloads. 
MPpos  Position and size of figure window [Xleft, Ylower, Width, Height] 
key  The file format version (string). Currently = 'DSPt smap_1 file' 
MPm  A 177 element vector containing miscellaneous measurement and display 

setup parameters as shown in the following table:
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 Index Contents of MPm(Index) 
2 (Vbw) Baseband bandwidth (Hertz). negative value means zoom is enabled 
3 (Vbwz) Zoom bandwidth (Hertz). 
4 (Vcf) Center frequency (Hertz). 
5 (Vlines) # of FFT lines. frame size in samples = 2.56 * MPm(Vlines) 
6,7 
(VdtypeU/L) 

Display type (upper, lower) 
1=time, 2=spectrum, 3=order track, 4=intensity map, 5=waterfall, (negative=off) 

8,9 
(VunitU/L) 

Display unit type (upper, lower). 0=volts, 1=engineering units, 2=differentiated, 
3=differentiated twice, 4=integrated, 5=double integrated, 6=% of full scale 

10 (Vlogx) x-axis type. 0=linear, 1=logarithmic, 2=band number 
11 (Vavg) Averaging parameter. 1=instantaneous processing, 2-7=exponential averaging 

(tau=3,6,12,25,50,100 frames), 8-17=additive averaging 
(Navg=1,3,6,25,1e2,1e3,1e4,1e5,1e6,1e9), 18=peak hold averaging 

12 (Vwin) 1=Boxcar, 2=Hanning, 3=FlatTop, 4=Flat301, 5=Flat201, 6=Potter210, 7=Potter310, 
8=Hamming, 9=Blackman, 10=ExactBlackman, 11=BHarris61, 12=BHarris67, 
13=BHarris74, 14=BHarris92. (negative for power correction) 

13 (Vch) First channel number displayed in channel selection box 
14 (VnIn) Number of input channels 
15 (Vnavg) Number of averages requested. 
16 (Vysc) Y-axis type. 1=v, 2=v2, 3=v/√Hz, 4=v2/Hz, 5=v2sec/Hz, 6=log(v), 7=log(v2), 

                     8=log(v/√Hz), 9=log(v2/Hz), 10=log(v2sec/Hz), 11=dB 
17 (Vymap) Y-axis type for spectral maps and X-axis type for order tracks. 

0=frames, 1=time(seconds), 2=speed(cps, rpm, or Krpm depending on VrpmY) 
18,19 
(VrefU/L) 

0 dB reference (upper/lower). 

20 (Vtrgm) Trigger mode. 1=free run, 2=every frame, 3=1st frame only 
21 (Vtrgd) Trigger delay. 1=100%, 2=90%, 3=80%, …11=0%, 12=-10%, … 21=-100% 
22 (Vtrgs) Trigger source. 1=output channel 1, n+1=input channel n 
23 (Vtrgl) Trigger level. Level = (9-MPm(22)) * 8.87% (of full scale) 
24 (Vtrgp) Trigger slope. 0=neg, 1=pos 
28 (Vavgc) Number of averages competed. 
29 (Vspdmin) Lower speed limit, in units specified by MPm(VrpmY) 
30 (Vspdmax) Upper speed limit, in units of specified by MPm(VrpmY) 
31 (Vspdppr) For the trig, freq1, or freq2 speed modes this is the number of tach pulses per 

revolution. For the dc1 and dc2 modes this is the speed sensor sensitivity in cps/volt. 
32 (Vdurt) The test duration - in units specified by MPm(Vdurtu) 
33 (Vdurdelt) The time to wait between acquisition of successive spectra (units from Vdurdelu) 
34 (Vdurtu) Units for MPm(Vdurt). 1=seconds, 2=minutes, 3=frames 
35 (Vdurdelu) Units for MPm(Vdurdelt). 

1=seconds, 2=minutes, 3=frames, 4=speed, 5=speed relative 
36 (Vspdsrc) Speed mode/source. 1=NoSpeed, 2=ExtTrig, 3/4=Tach pulses on input channels 1/2, 

5/6=DC speed sensor on input channels 1/2 



Section 10.0 Spectral Mapping & Order Tracking File Formats 

Spectral Dynamics, Inc. SigLab User Guide 10 - 31 
8/9/01S2022D1/A 
 

37 (Vspddir) 1=no speed limits, 2/3=only increasing/decreasing speed between specified speed 
limits, 4=increasing or decreasing speed between specified speed limits. 

38 (Vnf) Number of spectra acquired during spectral map or order track acquisition. 
39 (VzminU) Current z-axis lower limit for upper plot. 
40 (VzmaxU) Current z-axis upper limit for upper plot. 
41 (VzminL) Current z-axis lower limit for lower plot. 
42 (VzmaxL) Current z-axis upper limit for lower plot. 
43 (Vazm) Waterfall azimuth viewing angle = 90 - 10*MPm(Vazm) 
44 (Velev) Waterfall elevation viewing angle = 100 - 10*MPm(Velev) 
45 (Vlbl) 0/1 = channel labels invisible/visible 
46 (Vovlp) Percentage of frame overlapping for acquisition (0, 50, or 100) 
47 (Vrej) 0/1 = overload rejection disabled/enabled. 
48 (Vmethod) Order tracking computation method. 

0=sum 3 bins, 1=pick nearest bin, 2=pick largest bin within .3 orders, 3=interpolate 
49 (Vbinw) Width of FFT bin (Hz) 
50 (VrpmX) Units for frequency x-axis. 0/1 = Hz/rpm 
51 (VrmpY) Units for speed axis. 0/1/2 = Hz/rpm/Krpm 
52 (Vcmap) ColorMap for intensity plots. 1=autumn, 2=bone, 3=cool, 4=copper, 5=gray scale, 

6=hot, 7=hsv, 8=hypsometric, 9=jet, 10=pink, 11=rainbow, 12=seismic, 13=spring.   
-1 through -13 for solid mode off. 

53 (Vhid) 0/1 = hidden lines suppressed (does not apply to solid mode) 
54-57 Position of center frequency figure window (x, y, width, height) 
58 (Vicp) 0/1 = ICP current source disabled/enabled 
59 (Vmsgupd) rms/speed update delay (tenths of seconds) 
60 (Vmin) minumum recorded speed in spectral map 
61 (Vmax) maximum recorded speed in spectral map 
62-76 Reserved for expansion 
77-104 Input full scale (channels 1 to 28). 1=10V, 2=5V, …10=20mV (negative=off) 
105-132 DC offset (channels 1 to 28). -10 to +10 (>10 is ac coupling, <-10 is ICP) 
133-160 Engineering units per volt (channels 1 to 28) 
161-164 Column number of MPpsd or MPtime selected for upper displays (0=trace disabled) 
165-168 Column number of MPpsd or MPtime selected for lower displays (0=trace disabled) 
169-172 Order numbers to display on upper plot. 
173-176 Order numbers to display on lower plot. 
177 reserved 
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SECTION 11.0 
SPECTRUM ANALYZER (VSA) 

Introduction 

The spectrum analyzer is capable of making measurements in both the time and frequency 
domains.  This application is identical to the Dynamic Signal Analyzer (vna) except that the 
Spectrum Analyzer does not make any cross channel measurements e.g. transfer function.  Its 
measurement capabilities include: 

• Time-Histories  

• Narrow Band FFT based Spectrum Analysis   

• Auto Correlation  

• Long Record Capture with vcap utility 
 

Data acquired by vsa can be processed further by MATLAB routines and/or toolboxes. Also, 
spectrum measurements made with vsa may be automated with the vsa_auto application.   

All of the features of vsa are available in the Dynamic Signal Analyzer application (vna). 
Since the vsa application does not make any cross channel measurements, it has fewer 
measurement options and new users may find its simplicity to be desirable.  

Basic Operation 

Launching vsa 
To start, type vsa at the MATLAB prompt, and the Spectrum Analyzer application window 
will appear. If this is the first SigLab application to be run in the MATLAB session, it takes a 
bit of time to load, compile, and run. The vsa can also be started from SigDemo.  

For further details on the operation of the Spectrum Analyzer, please consult the Dynamic 
Signal Analyzer portion of this manual. (Section 5.0) 
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SECTION 12.0 
OSCILLOSCOPE (VOS) 

Introduction 

The oscilloscope serves as a general-purpose time-domain measurement tool. This 
application features: 

• Pre- and post-triggering 

• Waveform averaging 

• Variable record length 

• Dual or single trace display 

• x-y plots (Lissajous/Orbit) 

• long record capture with vcap utility 
 

Data acquired by vos can be processed further by MATLAB routines and/or toolboxes 
including the SigLab vid system identification application. Also, time domain measurements 
made with vos may be automated with the vos_auto application.   

Virtually all of the features of vos are available in the Dynamic Signal Analyzer application 
(vna) with a few exceptions, which will be covered in this section of the manual. Since the 
vos application makes only time domain measurements, it has far fewer measurement options 
and new users may find its relative simplicity to be desirable.  

Basic Operation 

Launching vos 
To start, type vos at the MATLAB prompt, and the Oscilloscope application window will 
appear. If this is the first SigLab application to be run in the MATLAB session, it takes a bit 
of time to load, compile, and run. The vos can also be started from SigDemo.  
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Once vos is launched, you can use the file menu to open siglab\vos\examp1.vos and the vos 
screens (left and middle) will appear. The function generator (vfg, right screen) is used to 
provide a burst chirp excitation to the acoustic demo DUT which is connected to SigLab in 
the normal fashion shown in the Common Element  (Section 4.0) section of this manual. The 
vfg setup is in file siglab\vos\examp1.vfg .  

 

Figure 12-1 The vos display window along with the vfg and the vos setup windows 

 

Differences Between vos and vna 
Since vos is a time-domain application, the sampling parameter is specified in terms of time 
per sample by the Sampling Period selector. By editing line 62 of file siglab\vcom\fp_list.m  
you can change this control to readout in terms of sampling frequency if desired.  

The oscilloscope application does not use the FFT algorithm and therefore the Record 
Length selections are not constrained to be powers of 2. Unlike both the Spectrum Analyzer 
(vsa) and the Dynamic Signal Analyzer, the averaging in the Oscilloscope is done entirely on 
the time-histories.  

For further details on the operation of the Oscilloscope, please consult the Dynamic Signal 
Analyzer portion of this manual. (Section 5.0) 

Sampling 
Period  

Time-Domain  
Averaging  

Function  
Generator  

Record 
Length 
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Appendix A - Virtual Distortion Analyzer 
Users Guide 

 
The thorough analysis of system noise and distortion products can be a long and difficult 
procedure. Many measurements must be made, and the relevant distortion data stored and 
formatted for display in numerous ways. The Virtual Distortion Analyzer (vda) provides a 
simple yet powerful means for making both harmonic and intermodulation distortion 
measurements over a range of frequencies and excitation levels. The results can be displayed 
in either a 2d or 3d format. 

 

Overview 

The Problem 
To fully characterize a device in terms of 
distortion, a set of measurements over the 
devices operating frequency and amplitude 
ranges are usually required. This can easily 
amount to hundreds of measurements if a 
thorough job is to be done.  
 
To say the least, this is a tedious procedure, 
and therefore not usually performed on a 
routine basis. By combining a GUI written 
in MATLAB with the SigLab measurement 
and stimulus hardware, a fully automated 
distortion analyzer can be made. This tool 
allows extensive distortion characterization 
with unprecedented flexibility in the 
presentation of the measurement results. 
The low levels of residual distortion and 
noise present in SigLab's input and output 
subsystems, make SigLab ideal for 
characterizing all but the most extravagant 
audio gear.  
 

Possible Solutions 
There are several approaches that can be 
used to measure distortion. The classical 
method using a tunable notch filter could be 
implemented (digitally), but this techniques 
is not useful for intermodulation distortion, 

and gives no resolution between the 
components of the distortion or noise.  
 
Digital tracking filters could also be 
implemented to track the various harmonics 
and IMD products. This approach however, 
requires a rather complex software 
engineering effort.  
 
SigLab's ability to do fast, accurate, 
spectrum measurements can be utilized to 
provide both noise and distortion estimates. 
The only drawback to this over the tracking 
filter approach is possibly that of 
measurement speed. If, for instance, 
information about only the second harmonic 
were needed, only one tracking filter would 
be required. The spectrum approach actually 
provides more measurement information 
(several harmonics plus noise) and therefore 
takes more measurement time. 
 
SigLab also has the ability to perform 
spectrum analysis over a narrow frequency 
region using 'zoom processing'. This 
measurement technology is very useful in 
measuring intermodulation distortion 
products. Consequently, the spectrum 
analysis approach will be used as the basis 
for the vda.  
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Distortion Basics 

The Linear, Noise-free, System 
This is the item of textbooks. The fact is 
there simply is no such animal. The only 
remaining questions are how non-linear and 
noisy is the system? To illustrate some of 
the more common noise and distortion 
parameters, a commercial stereo amplifier 
will be analyzed. Figure 1 shows a 
simplified block diagram of the major 
elements in such an amplifier. 
 

Preamplifier Pwr Amp

Preamplifier Pwr Amp

Power Supply

V+

V+

V-

V-

Lin Lout

Rin Rout

AC Line
Input

V+

V-

Figure 1  -  A Typical Stereo Amplifier. 

Harmonic and Intermodulation 
Distortion  
It is easy to understand how non-linearity in 
the power amplifier or preamplifier leads to 
signal distortion. These non-linearities can 
be in the form of clipping caused by 
overdriving or, less frequently, crossover 
distortion caused by 'dead zones'. However, 
there are other mechanisms which can make 
the amplifier behave in a non-ideal fashion.  

Crosstalk 
Channel to channel cross talk is one of these 
more obscure effects. The crosstalk can 
occur by way of several different paths. The 
common power supply, circuit layout, 
common ground paths, and shielding are the 
prime causes of crosstalk. If significant 
crosstalk is present, it can complicate the 
distortion measurement since often the level 
of crosstalk is on the order of the distortion. 
This being the case, distortion components 
can either be magnified or diminished 
depending on the relative phases of the 
components.  

Power Supply Ripple 
Another interesting defect arises from the 
increased loading of the power supply when 
the amplifier power output is increased. The 
supply ripple increases due to increased 
loading, and therefore so to the power 
supply induced noise and crosstalk.  
 
As can be seen from the above discussion, 
there are many ways that even something as 
'simple' as a stereo power amplifier can 
deviate from perfection.  
 

Analysis Using the Spectrum 
Analyzer and Function 
Generator. 
Before proceeding to the vda, a short 
venture into how this analysis is done 
'manually' is in order. Figure 2 shows how 
the stereo amplifier in Figure 1 is connected 
to SigLab. A load resistance of 8 ohms and 
an attenuator is used.  
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Rout Rin
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Figure 2  -  Connecting the Amplifier to 

SigLab. 

Harmonics and Noise 
The spectrum analyzer is a great tool for 
understanding the details of distortion and 
noise. Noise will be defined as any signal 
that is not related to the input excitation in a 
known way. For instance when performing a 
harmonic distortion measurement, 'noise' 
will be considered to be any signal that was 
not the fundamental or its harmonics. 
Figure 3 shows the spectrum analysis of the 
amplifier output with one channel being 
driven with a signal at 1000 Hz. There are 
four different signal types present: 
1. fundamental at 1000 Hz 
2. harmonics of the 1000 Hz 
3. multiples of 60 Hz (120 is the largest) 
4. random noise 
 The ideal amplifier would have only the 
fundamental spectral component. 

 
While discussing harmonic distortion, it is a 
good time to demonstrate how channel to 
channel cross-talk can affect the distortion 
products. In order to identify the frequency 

components associated with the right 
channel, a signal at 900 Hz was used. The 
amplitude was set to be the same as that of 
the left channel. Figure 4 shows the 
resulting spectrum analysis. Note the 900 
Hz component and its harmonics. There is 
even an intermodulation product produced 
at 1900 Hz. If a 1000 Hz tone were used as 
the input to the right channel, these 
crosstalk terms would lie exactly on the 
same frequencies as the harmonics(and 
fundamental) from the left channel. The 
magnitude of the harmonic terms is 
comparable to the magnitude of cross talk 
harmonics, hence these terms can, if 
present, cause serious errors in the harmonic 
distortion measurement of the left channel. 
The conclusion of this analysis is that it is 
best to measure each channel with the 
complementary channel input set to 0 if 
consistent and reliable distortion results are 
to be obtained. 
 
 
Although Figure 3 shows the frequency and 
level of the individual distortion 
components, computations, albeit simple 
ones, must be done in order to obtain 'total 
harmonic distortion' and other related 
distortion metrics. Details of these 
computations will be covered in the vda 
description since they are integrated into the 
vda. 
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Intermodulation Distortion 
Another common distortion measurement is 
intermodulation distortion or IMD. With a 
20,000 Hz analysis bandwidth, third order 
harmonic distortion can be measured up to 
20000/3= 6666 Hz. One advantage of the 
IMD technique is it allows the measurement 
of distortion up to almost the full 20,000 Hz 
analysis bandwidth. Two equal amplitude 
tones at a fixed, and usually small frequency 
spacing, are used to drive the amplifier 
under test. The non-linearities give rise to 
distortion products that are at multiples of 
the sum and difference frequencies of the 
tones. 
 
In the case of an intermodulation test, noise 
will be considered to be any signals except 
those at the two input tones and their sum 
and difference frequencies.  
 
Figure 5 shows the two input tones plus the 
'odd order' IMD products which appear as 
side bands around the two input tones. The 
side bands are labeled by the frequency 
combinations of the two tones that produced 
them. These products are a result of odd 
order system non-linearities, the same non-
linearities that would produce odd 
harmonics (3rd, 5th 7th etc.).  
 
Figure 6 shows the even order products 
intermingled with power supply harmonics. 
It is prudent to pick a tone difference 
frequency that is not equal to a multiple or 
sub-multiple of the AC power line 

frequency. The even multiples of the AC 
line frequency dominate the power supply 
ripple since the rectification is full wave. 
 
As with the harmonic distortion 
measurements, to obtain quantitative results 
for IMD levels, calculations must be 
performed on the spectrum data.  

The VDA 
The vda is intended to minimize the tedious 
work required to characterize the noise and 
distortion present in audio bandwidth 
systems. It should be stressed that the 
system under test does not have to be an 
amplifier, but any device where noise and 
linearity need to be quantified. 
 
Figure 7 shows the overall layout of the vda 
along with total harmonic distortion data 
plotted in a 3d format. The key feature of 
this application is that both frequency and 
amplitude of the excitation to the system 
can be varied over a discrete set of steps. 
Distortion measurements are made at each 
frequency and amplitude setting. This then 
allows the user to display the data in a wide 
variety of ways to gain insight into the 
operation of the system. 

Acquisition Controls  
The acquisition controls are on the left side 
of the vda screen. These controls define the 
measurement to be made. 
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First, under the Analysis group a selection 
must be made as to the type of distortion to 
be measured. Harmonic distortion is the 
typical choice, but intermodulation is 
sometimes required if the system is to be 
characterized past about 6000 Hz.  

  
The next popup selects between a monaural 
and two forms of stereo measurement. For 
the monaural measurement SigLab channel 
1 output and channel 1 input is used. 
Channel 2 is ignored. For a stereo 
measurement the channels must be paired as 
in Figure 1. If the channels are swapped, the 
measurement will likely be questionable.  

 
If the systems cross talk is low, the Stereo 
(Quick) selection can be used. This 
measures the distortion on both channels 
simultaneously. However, as shown earlier, 
crosstalk can corrupt the distortion 
measurements. If the most accurate 
measurement is needed, it is wise to chose 
the Stereo (Accurate) mode. This mode 
shuts down one output channel while the 
complementary channel is being measured. 
Consequently, it takes twice as long to 
complete the measurement. 
 
The next control group contains the 
frequency setup parameters. First, the 
number of frequency steps must be selected. 
The selections range from 1 to 100 and 

 
Figure 7  -  VDA Application With Second Harmonic Distortion Percentage in a 3d Plot Format. 
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either a logarithmic progression or a linear 
progression can be chosen. 

 
In all cases, the Start Frequency must be 
specified. If only one frequency point is 
desired, there is no Stop Frequency needed.  
 
When the level of distortion is very low, 
some spectral averaging may reduce the 
measurement variance. Average counts 
between 1 and 50 are typically used.  
 
If an intermodulation measurement is to be 
made, the tone spacing in Hz can be 
specified with the Tone dF field. For best 
results, choose a number that is not related 
to the power line frequency.  
The Drive Levels control group defines the 
excitation amplitudes to the system under 
test. The excitation amplitude can be varied 
over from 1 to 25 levels in a linear or 
logarithmic manner. The levels are specified 
in Volts RMS.  

 
 
Finally, some of the amplifier and interface 
parameters can be entered. The Attenuator 
field defines the signal reduction of the 
attenuator in Figure 1 (e.g. 11:1). While data 
is being acquired, a power spectrum is 
displayed. The zero dB level can be 
specified by the 0dB@Watts field. In order 
to be properly calibrated the Load Res field 
must be set to the value, in ohms, of the load 
resistor used.  

 
 
These values are optional for the distortion 
measurements. The harmonic distortion 
computations are normalized by the 
measured level of the fundamental. The 
measured two tone levels are used for the 
IMD measurements. 

Initial Setup 
A combination load and attenuator usually 
must be constructed for power amplifier 
testing. A typical circuit is shown in Figure 
1. The user should have an idea of the 
amplifier drive levels that are to be used 
which are of course a function of the 
amplifier gain settings and frequency 
response. In most cases the amplifier will be 
set to have a 'flat' frequency response. This 
however, is no guarantee that the frequency 
response is actually 'flat'. SigLab's spectrum 
analyzer, network analyzer, and function 
generator can be used to establish the 
operational bounds over which the amplifier 
is to be tested. This test functionality is 
therefore not reproduced in the vda. 
 
It should be recognized that the time to 
complete a full set of measurements over the 
full range of frequencies and drive levels 
can be considerable. The time per spectral 
measurement is proportional to the amount 
of spectral averaging used. The total 
measurement time is then proportional to 
the product of the number of frequency 
steps, the number of level steps, and the 
time per spectral measurement. 
 
The IMD measurements take considerably 
longer than the THD. For a given frequency 
and drive level, two spectrum estimations 
must be made. One to analyze the side 
bands around the two input tones shown in 
Figure 5, and the other to analyze the low 
frequency signal components shown in 
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Figure 6. Couple this with the Accurate 
stereo mode and one can be in for a bit of a 
wait. The good news is this measurement 
process does not tie up your computer! 
Simply change to another task, and go at it! 
Also, the multi-tasking does not require 
Windoze 95, it works just fine on Windows 
3.1 .  
 

2d Displays 
An amazing amount of data can be acquired 
during a distortion measurement sequence. 
The 2 dimensional display format gives the 
user the best quantitative data since cursors 
can be used. The 2d display always displays 
distortion on the y axis as shown in Figure 
8.  
 
If a monaural measurement was made, it is 
assumed to have been made on channel 1. If 
a stereo measurement is made, the user can 
select which channel is to be displayed with 
the channel select popup. 

Figure 8  -  2d Display Format  
 
Either drive level or measurement frequency 
can be selected for the x axis as shown 
below. Also a choice of Log or Linear 
format is available. 

 
Therefore the user elect to plot distortion vs. 
frequency, or distortion vs. amplitude.  

 

Once the x axis data type is chosen, the 
value of the remaining variable, be it level 
or frequency must be selected. In Figure 8 
the x-axis is chosen to display the frequency 
at which the distortion measurement was 
made. The remaining variable is therefore 
level, and a popup containing the drive 
levels used in the measurement is shown 
below. The user can thereby select a drive 
level and then plot the distortion vs. 
frequency for the this drive level. 

 
The popup and associated label will change 
to the frequency values if the x axis is 
chosen to be the drive levels.  
 
Finally, the type of distortion to be 
displayed must be selected. The options are 
shown below. 

 
Either a decibel or percentage format can be 
selected. The definitions for the distortion 
computations in the popup are as follows:  
• Total+N: Total of the noise plus 

distortion terms  
• Total: Total of only the distortion terms 
• Second, Third, Fourth, Fifth: the 

specified individual distortion term 
 
The distortion is always normalized by 
dividing the distortion power by the power 
in the fundamental or the two test tones for 
IMD. Therefore a reading of 0 dB or 100% 
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indicates the power in the distortion is equal 
to the power in the test tone(s). 

3d Displays 
The 3d display (Figure 7) is useful in 
obtaining a qualitative view of the data. The 
viewpoint on the plot is changed by the 
azimuth (Az=) and elevation (El=) popups. 
The color bar under the plot defines how the 
plot colors map to the levels of distortion. 
The distortion computation is identical to 
the 2d case. 

Hardcopy 
If an entire screen image is desired, simply 
press Alt-PrintScrn to copy it to the 
clipboard. You can then import directly into 
a document or a graphics program for 
printing. If just the data is desired, use the 
Print selection under the files menu and 
choose the WinMeta format (color or black 
and white). The clipboard is the most 
reliable target. Figures 5 and 6 were black 
and white meta files and Figure 9 show a 
color meta file image. 
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Figure 9  -  Color Meta File 

 
If you are in 3d mode and choose the Print 
menu, the print dialog will appear briefly 
then disappear. It is actually now behind the 
figure window (vda application). Click on 
the figure window and drag it a bit to get to 
the print dialog. This is due to a MATLAB 
anomaly where the screen is repainted with 

the 3d image, but the print dialog somehow 
gets put in back of the application window. 
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Figure 10  -  Color Meta File of 3d Plot. 

 
Figure 10 show the results of a color meta 
file 3d plot, but bit mapped images of 3d 
plots seem to work the best. Again, the Alt-
PrintScrn is the best way to generate bit 
mapped images and get them into the 
clipboard.  
 
 
 
Unfortunately MATLAB v4.2c.1.1 has 
printing problems when you try to go 
directly to a device, therefore, use the 
clipboard to capture the image, and then 
paste the image into a document or graphics 
program to print it.  

IMD Example 
To this point, most of the attention has been 
given to harmonic distortion measurements. 
The advantage of an IMD measurement is 
that it can be used to evaluate non-linear 
behavior almost up to the 20000 Hz  
measurement range of SigLab. The main 
disadvantage is it takes a longer time to 
make the measurement since 2 spectrum 
estimates must be made for each 
frequency/level point. The computations are 
similar to the harmonic distortion but the 
distortion + noise selection will only include 
the noise in the two spectrum estimates used 
for the IMD calculation. There can be 
significant noise outside these bands so this 
distortion metric will tend to underestimate 
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the noise contribution. Another possible 
point of confusion is the peak signal value 
of the two tone signal is larger than the 
single sine wave by a factor of the 2  so 
distortion may appear to be worse with the 
IMD measurement for the same RMS. drive 
level.  
 

 
Figure 11  -  Intermodulation Distortion 

Measurement.  

Comparing Harmonic and 
Intermodulation Measurements 
This turns out to be far more difficult than 
one might imagine. In fact, a simple 
experiment in MATLAB proves that there 
need be virtually no correlation of results 
between the intermodulation and the 
harmonic measurements.  
 
To demonstrate the above claim, a single 
tone and then a two tone test signal were 
passed through a simple memoryless non 
linear system. The results were analyzed 
with the FFT. To eliminate the need for an 
analysis window, the tone frequencies were 
selected so as to lie exactly on FFT analysis 
lines. The non linear system was described 
by: 
 

The resulting analysis is shown in Figure 
12. Examining the lower plot, the second 
and third order harmonics are clearly below 
the display axis limit (-90 dB). However 
examining the upper plot clearly shows the 
second and third order intermodulation 
products. It must be concluded that the two 
methods of quantifying distortion do not 
agree. 
 

 

Accessing VDA Data 
The measurement data produced by the vda 
application can be accessed in two ways: 
directly from the vda application, or from a 
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vda file. Unfortunately, at this point 
MATLAB supports only NxM arrays and 
this complicates matters to a degree since a 
true multi-dimensional array would be the 
most natural way to store the various 
distortion terms, frequencies, and excitation 
levels.  
 
The m-file vda_ex1.m is intended to serve as 
a prototype application for those who wish 
to perform custom post processing of vda 
data. 
 
To access the data from the vda the 
following command is executed while the 
vda application is alive (but not activly 
making a measurement): 
 
[params,d1,d2]=vda('get','meas'); 

 
The params vector contains the 
measurement parameters required to extract 
measurement data from d1 & d2. The arrays 
d1 and d2 are the distortion measurement 
data from channel 1 and 2 respectivly. If a 
single channel measurement was made d2 
will naturally be empty. Please type help 
vda at the MATLAB prompt to get the 
details about these variables. Also examine 
vda_ex1.m as to their use.  
 
Getting the data from a file (e.g. 
default.vda) simply requires loading the file 
into MATAB as follows: 
 
load default.vda -mat 

 
This loads numerous arrays into the 
workspace but the one of most interest is 
vda_data . Again, referring to the code in 
vda_ex1.m is by far the best way to get 
started with your own custom program using 
the vda_data.  
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APPENDIX B  
LONG RECORD CAPTURE (VCAP) 

Introduction 

vna by itself is limited to capturing and storing a maximum of 8192 time samples or 3200 
spectrum samples. Successive data frames are displayed but not stored. New data simply 
replaces the old. The SigLab long record capture utility is called vcap. It is used to overcome 
the 8192/3200 limitation. The vcap/vna combination can: 

1. Capture long records to SigLab internal memory, DRAM. 

2. Capture long records to your PC’s hard disk drive. 

3. View data as it’s being recorded. 

4. Playback data from DRAM after it has been recorded. 

5. Regenerate data via Siglab’s function generator to the output DAC. 

Each of the 5 capabilities above will be demonstrated in the following examples. 

 

SigLab Record Times for Direct to 4 Mbyte DRAM 

Fs= 5.12 12.8 25.6 51.2 128 256 512 1,280 2,560 5,120 1,2800 25,600 51,200 128,000 

BW= 2 5 10 20 50 100 200 500 1,000 2,000 5,000 10,000 20,000 50,000 

1 ch 70 h 28 h 14 h 7.0 h 2.8 h 84 m 42 m 16.8 m 8.4 m 4.2 m 102 s 50 s 25 s 10 s 

2 ch 35 h 14 h 7.0 h 3.5 h 1.4 h 42 m 21 m 8.4 m 4.2 m 2.1 m 50 s 25 s 12 s 5.0 s 

3 ch 23 h 9.3 h 4.7 h 2.3 h 0.9 h 28 m 14 m 5.6 m 2.8 m 1.4 m 33 s 17 s 8.5 s 3.4 s 

4 ch 17 h 7.0 h 3.5 h 1.7 h 0.7 h 21 m 10.5 m 4.2 m 2.1 m 1.0 m 25 s 12 s 6.2 s 2.5 s 

 

Table 2-1. This chart shows how long SigLab can record data direct to internal 4 Mybte of DRAM for a 
given number of channels and sample rate. Fs = sample rate, BW = bandwidth, h = hours, m = minutes, s 
= seconds, ch = enabled channels. 

 

The useable memory for recording data is actually less than 4 Mbytes when you have a 4 
Mbyte SIMM installed. Approximately 1.4 Mbytes of our data and program also exist in this 
same 4 Mbyte space leaving 2.6 Mbytes for your recording purposes. 
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The equation for determining how long you can record for a given memory configuration 
(SIMM size), sample rate (Fs), and enabled channels (ch) is given by: 

Record time (seconds) = {[(SIMM size-1.4 Mbytes)/2]/Fs}/ch. 

The number “2” in the above equation converts bytes to samples. Each sample is a 2 byte (16 
bit) quantity. For an Excel spreadsheet view of record times vs memory and channels and 
sample rates, see the file vcap_table.xls in the siglab/doc directory. Using this file, you input 
the memory configuration and the units of display, and the resulting record times are 
displayed in tabular format for all possible channel counts. 

 

Direct-to-DRAM vs Direct-to-Disk 

There are two main approaches to data acquisition, one is acquiring to SigLab internal 
memory or DRAM, and the other is acquiring to your PC’s hard disk. At first it might seem 
that acquiring direct-to-disk is the best approach for all cases but the choice really depends on 
your requirements. 

When to use Direct-to-DRAM? If you are acquiring data on many channels at a fast sample 
rate, then Direct-to-DRAM is the obvious choice. “Many” and “fast” will be strictly defined 
below. The real advantage of acquiring to DRAM is speed. By adding more channels, you are 
also adding memory and bus bandwidth. This memory is written to in parallel with other 
memory. And of course DRAM has faster write times than does a disk drive. There are no 
speed limitations with this approach, only capacity limitations, see Table 1 and the equation 
above.   

When to use Direct-to-Disk? If your DRAM capacity is insufficient and your sample rate is 
slow enough, then you should use the Direct-to-Disk approach. If any one of the following 
conditions are met, then you can use the Direct-to-Disk approach and achieve gap-free data. 

1. Fs <= 25.6 kHz or BW <= 10 kHz, 1 channel 

2. Fs <= 12.8 kHz or BW <= 5 kHz, <= 3 channels  

3. Fs <= 5.12 kHz or BW < = 2 kHz,  <= 8 channels 

4. Fs <= 2.56 kHz or BW <= 1 kHz, <= 16 channels 

Fs denotes sample rate and BW denotes bandwidth. Fs is always 2.56 * BW. 
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Acquiring Direct-to-DRAM 

Preparation 

1. From SigLab Demo, select VNA & VCAP under Network. 

If you are not using default.vna as the vna setup file, please open the setup file from the 
File/Open menu.  

The vna setup window serves to control the measurement parameters like gains and 
sample rates. 

The vcap window specifies how much data to acquire and when. 

2.   Since we also need a signal to capture, select VFG under Network as well. 

3. In vfg, select:  

Ch1: Sine wave, 1 Hz, 1.414 volts, 0 volts offset.  

Ch 2: Square wave, 1 Hz, 1.414 volts, 0 volts offset.  

Toggle All Off to read All On. 

4. Connect output channel 1 to input channel 1. 

5. Connect output channel 2 to input channel 2. 

6. In vna, ensure input channels 1 & 2 are on and all other input channels (if any) are off. 
Click on MCSetup and verify your front end is setup as in Figure 1. 

Figure B-1. The MCSetup window showing channels 1 and 2 as on while channels 3 and 4 are off. 
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In vna, ensure the rest of your setup is as follows:  
 
 
 

 

Figure B-2. The vna Setup dialogs for long record capture. Triggering has been turned off and the record 
length increased to 2048 points. 
 

7. Note the Record Length has been increased to 2048 points (Figure 2). This is not the total 
number of samples to be acquired to SigLab memory. Instead, the data will be acquired in 
“Record Length” chunks until your overall record time requirement is met which could be 
1,000,000 samples or more. For long record capture, the longer the record length, the 
better in general. For very short record lengths, e.g. 64, and fast sample rates, e.g. 
128,000 Hz, the analog front end may produce data faster than the memory subsystem 
can handle.  

8. Note the Trigger has been set to Free Run (Figure 2). For long record capture, you 
typically wish to capture every data point, i.e. gap-free data. Thus we have turned 
triggering off. You may use triggering during long record captures however if it’s 
necessary.  

9. Note that Overlap is set to No Overlap (Figure 2). Overlap processing cannot be used 
with Long Record Capture. 

10. In vna, hit the Inst button to ensure the data looks correct.  

11. You should see the sine wave on channel 1 and the square wave on channel 2. 

12. In vna, hit the Stop button to halt acquisition. 

13. In the VCAP window, the message “No Data Stored, Max Buffer Available: 632 
kSamples per SigLab” appears, Figure 3. This is true for a SigLab 2042 with 4 Mbytes of 
DRAM. If you have more memory, your numbers will be larger. 
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Figure B-3. The VCAP window as it initally appears for a 2042 for a SigLab with 4 Mbytes of memory. 

Making Sense of the User Interface 
14. There are 3 major fields for user entry: 

The Frame slider 

The Seconds edit box 

The Samples edit box  

All three fields affect each other. 

The Frames slider’s maximum value is inversely proportional to the Record Length set in 
vna.  

The Seconds field maximum value is inversely proportional to the Bandwidth set in vna. 

The Samples field maximum value is proportional to the amount of DRAM installed in 
SigLab. 

If you change the record length and bandwidth in vna, you’ll see the effects in these vcap 
fields.  

15. The Input Source popup contains 2 choices, Analog and Memory.  

Analog is used for data capture.  

Memory is used for data playback after a data capture. 

You should be set to Analog for this exercise. 
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16. In VCAP, enter 5 for the number of seconds. The software rounds to the nearest number 
of seconds attainable based on an integral number of frames. In this case, “4.96” seconds 
is the closest we can get to “5.00” seconds, Figure 4.  

Figure B-4. Even though “5” was entered for the number of seconds, “4.96” was returned.  
 

17. Note that 4.96 seconds corresponds to 31 frames of data or 63,488 samples. Remember 
we set our frame size (record length) to 2048 samples in vna. 

 
18.  Sample calculation: 

 

a. 63,488 samples/channel = 31 frames/channel * 2048 samples/frame  

 

b. To record 2 channels of data, the acquisition record will contain: 

126,796 total samples  

= 63,488 samples/channel * 2 channels. 

= 253,592 bytes + (~2 kBytes header info) 

 

c. Frame time = 1/dF = 1/6.25 = 0.16 seconds 

The dF (frequency resolution) readout is located in the Frequency dialog of the vna setup 
window. Or you can calculate dF from the following equation: 

 DF = 2.56*BW/(FFT size) 
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Where 

 BW = 5.0 kHz 

And  

 FFT size = Record Length = 2048, 

Thus 

 DF = 2.56*5000/2048 = 6.25 Hz. 

 

19. It usually makes the most sense to enter the record time in seconds. However, depending 
on your thought process, you may also enter the record time in terms of Frames or 
Samples. Based on your entry, the other fields will adjust themselves automatically. 

 

20. The setup is complete. You are ready to start recording data to DRAM. Make sure that 
SigLab is not already in acquisition mode. In VNA, hit Stop if necessary. 

 

Acquiring the Data 

In VCAP, hit the Acq button. Acq stands for Acquire. The VCAP window will report the 
status in progress, Figure 5. 
 

Figure B-5. The VCAP window showing the elapsed time of the current acquisition in progress. 
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Upon completion, the text box in the upper portion of vcap reports the completion status. The 
total number of seconds, frames and samples acquired are all listed, Figure 5. These numbers 
are reported on a per-channel basis. 

 

Figure B-6. The VCAP window after acquisition has halted successfully. 
 

Display while Acquiring 

You may also display and acquire simultaneously. By default the vna plot window does not 
update while capturing long records. However, it can be reassuring to know the data is valid 
while recording is in progress. In this way, should something go wrong, you can stop the test 
and start over. However, there is a penalty involved. It does take a finite amount of time to 
update the screen. This slows the real-time bandwidth down slightly. Because screen updates 
are computer and graphics card dependent, we cannot specify how your system will perform 
when displaying while acquiring. To minimize the slowdown penalty while displaying, make 
the Record Length as long as possible.  
 

To display while acquiring, hit Inst in the VNA window before hitting Acq in the vcap 
window. 
 

Verifying the Data 

To verify the data is good, select View Data in Buffer from the File menu. First, the data is 
extracted from SigLab DRAM and copied into the MATLAB environment. Then the cplot 
window opens and displays your data for both channels, Figure X. 
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Figure B-7. The cplot window showing the sine wave and square wave acquired to SigLab DRAM. 
 

You can zoom on any region in the cplot window just as you zoom in the vna window, left 
double-click & hold, drag, release, left click again to accept. 
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When Things Go Wrong 

A. Discontinuous Data 

If something goes wrong, the text box in the upper portion of vcap will report an error 
message. Let’s say you accidentally left the trigger mode set to EveryFrame. By definition, 
the data will be discontinuous, i.e. there will be gaps in the data record. If this case, you’ll see 
two things. One, the data acquisition does not stop after the pre-defined time. This is because 
it takes more time to acquire the same number of samples because of the “down time” or gaps 
while waiting for a valid trigger condition. Two, the vcap completion status will report 
“Discontinuous”. 
 

B. Warning to those Displaying while Acquiring 

If you are displaying data while acquiring, remember to hit Stop in vna before attempting to 
save the buffer data to a file on your hard disk. Failure to do so may result in the system 
locking up. 
 

C. VNA Plot Fails to Update after Hitting Inst Button 

If this happens, hit Clear in vcap. Now hit Inst again and the vna plot window should update 
normally. 

 

D. VNA Plot Stop Updating after hitting Acq in VCAP 
At higher bandwidths, the vna plot window may not update while acquiring to DRAM 
although you hit Inst in vna. 
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Saving the Data 

 Finally, if the data is good, save it to a file. Select Save Buffer to VCA file from the File 
menu. Your file name should use the .vca extension to specify what type of file it is. Let’s 
save our data to sine_square.vca. The screen will notify you when all the data has been 
copied from DRAM to your hard disk, Figure 8. 

 

Figure B-8. The VCAP window after a Save Buffer to VCA File operation. 
 

 

VCAP Parent 

Remember, VCAP can not stand alone, it requires one of the other SigLab VIs to be its 
“parent.” Up until now, we have limited our discussion to using VCAP with VNA. However, 
VCAP can be used in conjunction with the following VIs: VOS, VSA, VNA, SMAP and 
VTO (optional Octave Analyzer package).  

From the point of view of the user running VCAP, there is no difference in the presentation 
or operation of VCAP based on which VI is the parent. Within the code there are obviously 
significant differences, but these are totally transparent to the user with one exception, 
explained below, and that is in how the VCA files themselves are saved. 

For your convenience, however, you can use the Parent Menu to switch between the various 
parent VIs without having to quit everything and restart them back up (this is what happens, 
but it is automatically done for you, saving you some effort). Lets say you have captured 
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some data with VSA, and now you want to look at the cross functions. Simply go to the 
Parent menu and select “VNA” and VSA will close, followed by VNA opening. VCAP will 
close, and reopen as well, loading all the relevant settings automatically for you.  

The Parent menu also has a selection for opening VFG.   

Introduction to VCA files 

It’s a good time to discuss what a VCA file is and how to access its contents. There are 
actually two separate file formats which receive the file extension *.vca, depending on which 
SigLab VI was the VCAP Parent when the data was captured. VCA files saved when VOS, 
VSA or VNA are the parent of VCAP still use the original VCA file format which saves the 
data as two bit integers. VCA files saved when SMAP or VTO are the parent of VCAP are 
simply binary MATLAB files that have not been given the *.mat extension.  

Note that from within the VCAP program itself, which file format was used to save the data 
is totally transparent to the user. VCAP is able to handle any VCA file whether or not the 
current parent uses the same VCA file format as the parent that was active when the file was 
originally saved. The type of VCA file used matters to the user only when he or she wishes to 
process the data without the SigLab VIs (most likely from within their own M-files or even at 
the  MATLAB command prompt). In this case, it is necessary to know which parent was 
active when the file was saved. Unfortunately, if the user has forgotten, the only way to find 
out is through trial and error, so it is a good idea to keep track of which VI was the parent of 
your VCA files, whether through directory hierarchy, tagging the root name, or whatever. 

 

SMAP/VTO VCA files 

Much like a VNA file (or any of the other SigLab VIs), these files can be loaded at the 
MATLAB prompt simply by typing 

» load myfile.vca –mat 

The contents of the vca file can then by found by typing whos, as shown: 

» whos 
  Name               Size         Bytes  Class 
 
  ChanLabel          1x20            40  char array 
  ChanStat           1x5             40  double array 
  EULabel            1x20            40  char array 
  Fvec             201x1           1608  double array 
  MPm                1x177         1416  double array 
  MPovld             1x1              8  double array 
  MPps             201x1           1608  double array 
  MPpsd            201x1           1608  double array 
  MPtim            512x1           4096  double array 
  MPtime           512x1           4096  double array 
  SystemClk          1x1              8  double array 
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  TimeData        5120x1          40960  double array 
  Tvec             512x1           4096  double array 
  UserNotes          1x22            44  char array 
  VCAPparent         1x4              8  char array 
  hdlg1_s1           1x8             64  double array 
  hdlg2_s1           1x9             72  double array 
  key                1x16            32  char array 
  numframes          1x1              8  double array 
  vdlg1_s1          16x7            896  double array 
  vdlg1_s2          16x19           608  char array 
  vdlg2_s1           1x8             64  double array 
  vi_timestamp       1x6             48  double array 
 
Grand total is 7973 elements using 61468 bytes 

Obviously, the size of some of the variables may vary depending on how many frames of data 
were acquired. The variables of greatest relevance to VCAP are TimeData, which contains 
the actual data captured, numframes, which contains the total number of frames captured, 
and  VCAPparent, which is a string containing the name of the VCAP parent VI. The rest of 
the variables contained in this file are state variables used to setup the parent when the VCA 
file is loaded from within the SigLab VIs. They are VI specific and will vary slightly between 
SMAP and VTO. 

 

VOS/VSA/VNA VCA files  

 

 

 

 

 

 

 

These VCA files store data as 2 byte integer quantities, i.e. each sample takes up 2 bytes of 
memory. In addition to the data, about 2 Kbytes of header information is stored at the 
beginning of every VCA file describing acquisition parameters. On the other hand, MATLAB 
files or MAT files as they’re called, store data as 8 byte double floating point quantities. Thus 
you cannot load a VCA file in the MATLAB environment in the same way you load a MAT 
file. 

 
>> load mydata.vca –mat   !!!! doesn’t work 

 

Header Information: ~2 kBytes 
sample sate, channel gains, 
triggering, time/date, engineering 
units, etc. 

Your data {0.4449    
0.6946    0.6213    
0.7948    0.9568    

Basic Structure of VCA Files 
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Instead, use the Dump VCA file to VCAP_DATA Variable in WorkSpace selection under 
the File menu. This extracts the data portion from the VCA file and creates a MATLAB 
variable called VCAP_DATA in the workspace. In addition, the variable 
VCAP_SAMPLERATE is created in the workspace. Verify that the VCAP_DATA is correct 
by plotting it yourself from the command window. 
 

>> figure;plot(VCAP_DATA) 
 

To plot it with the correct timebase on the x-axis and other plot annotation, do this: 
 
>> Fs = VCAP_SAMPLERATE 
>> Ts = 1/Fs 
>> y = VCAP_DATA; 
>> x = [0:Ts:Ts*(length(y)-1)]; 
>> figure;plot(x,y); 
>> xlabel(‘seconds’) 
>> ylabel(‘volts’) 
>> title(‘vcap exercise’); 
 

Also, to verify its size is correct: 
 
>> [samples channels] =  size(VCAP_DATA) 
 

To learn more about any of the above MATLAB commands, type help <function name> at 
the command prompt, for example: 
 
>> help size 
 

You can also call two MATLAB command line utilities for reading and writing VCAP files, 
called VCA2MAT and MAT2VCA, respectively. To use these files, see their respective on-
line helps. 
 
>> help vca2mat 
>> help mat2vca 
 

To learn more about the structure of VCA files, see the File Structures section in the 
Programming Guide. 
 
 

Playback from DRAM 

Thus far, we have shown how to acquire a long record, save the record, and copy the data to 
the MATLAB workspace. In this section we learn how to playback data from DRAM and 
display/analyze it using vna. In other words, we review data that has been previously 
acquired. This section assumes you have completed the previous exercise, Acquiring Direct 
to DRAM. Once again, vna and vcap are used in unison. Only the digital subsystems of the 
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SigLab hardware are involved in playback. The analog subsystems such as the ADCs, DACs, 
and amplifiers are not involved. 

1. Open vna and vcap. 

2. Disconnect all cables from the analog inputs. We will not acquire new data in this 
section. 

3. Load the vna file, sine_square.vca from the previous exercise. To do this, select Open 
Existing VCA File from the vca File menu. Select sine_square.vca and click Ok. 

After the file is loaded, your vcap window should appear as Figure 9. 

 

Figure B- 9. The vcap window after opening sine_square.vca for playback. The first frame is frame 0. The 
last frame is frame 30. Thus there are 31 total frames each of 2048 points in this file. 

 

4. In the vna plot window, display time domain data for channels 1 and 2. You may do this 
in separate axes or on a single axis with overlapping plots. Here I’ll use a single axis with 
overlapping plots. 

5. In the vna plot window, hit the Inst button. Notice that nothing happens. The Input 
Active light and SCSI Active light do not come on as before when doing acquisition. The 
analog front end of SigLab is inactive. This is true because we are in Memory mode 
which disables analog processing. Note that the VCAP window reports the Input Source 
is Memory, not Analog. 

 

Playback the Data 
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6. In the vcap window, hit the Play button. The vna plot window should update with the 
sine wave and square wave data acquired earlier. Everytime you hit the Play button 
another frame of data is read from DRAM, sent over the SCSI interface to the PC, and 
plotted in the vna window. You’ll notice the SCSI Active light flash every time you hit 
Play. You will also notice the Position:Frame, Second, and Sample fields update with 
every click of Play. 

 

Disabled Controls 

7. In the vna setup window, you may have noticed that most controls are “grey out”, 
rendered disabled. Most horizontal and vertical controls are locked to the state as when 
the original data was acquired. For example, because this data was acquired at a 5 kHz 
bandwidth, the bandwidth popup is frozen at 5 kHz. The Record Length slider however is 
changeable. You may wish to increase this value to 8192 to see more data per frame. 

 

Playback Modes 

8. In the vcap window, change the playback mode from Single to OnePass. While in 
OnePass mode, the entire record is played back and then stops. In Single mode, hitting 
Play steps through a single frame at a time and then stops. A third playback mode Circle, 
continuously replays your data with the last data point connected to the first data point. 

 

9. In the vcap window, hit Play. In the vna plot window, hit Inst if necessary to display the 
data. Try Circle mode as well. 

 

Remember to Hit Stop! 
10. Note: If you attempt to do something in the MATLAB command window after pushing 

the Inst button, you cannot. First you must hit Stop in the vna window before accessing 
the command window. 

 

Acquiring Direct-To-Disk 

The second approach to long record capture is acquiring directly to your PC’s hard disk. This 
approach is most useful for capturing long records when the overall data rate is not very high 
is less than 40 kiloSamples per second and as defined the the previous section Direct-to-
DRAM vs Direct-to-Disk. This section shows how to setup vna and vcap for direct to disk 
acquisition. 
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1. Repeat steps 1 through 10 of the Direct-to-DRAM section. Essentially set up vna, vcap, 
and vfg as you did before. Just to make things more interesting, you may wish to change 
your vfg settings to another waveform like a triangle wave or sawtooth. I would continue 
to use a slowly varying waveform (< 10 Hz) to quickly judge whether or not the data is 
gap-free. 

 

2. In vcap, select Capture Directly to VCA File from the File menu. In the file dialog box, 
select a name for the file that makes sense to you. I’m going to use d2d.vca which 
signifies direct-to-disk acquisition. 

 

3. In vcap, set the number of frames to 50. The resulting time field will update to 8 seconds, 
Figure 10. 

 

Figure B-10. The VCAP window setup for 8 seconds of direct-to-disk acquisition to file d2d.vca. 
The 8 seconds equates to 50 frames of data per channel or 102,400 samples per channel. 

 

4. In the vna setup window ensure the bandwidth is set to 5 kHz, channels 1 and 2 only are 
enabled, and triggering if off. 

 

5. In vcap, hit Acq to acquire directly to d2d.vca. Again the status of the acquisition is 
reported in progress in the upper text box. Upon completion, the text box will report the 
completion status, Figure X.  

 



Acquiring Direct-To-Disk Appendix B - Long Record Capture 

Appendix B- 18 Spectral Dynamics, Inc. SigLab User Guide 
8/9/01S2022D1/A 

Figure B-11. The VCAP window after a successful direct-to-disk capture. 

 

6. If the acquisition has gaps in the data, a warning box will appear reporting discontinuities, 
Figure 11. If this occurs you must either increase the record length, decrease the number 
of channels, or reduce the bandwidth. If none of the above are possible, then you must use 
the Direct-to-DRAM approach. 

 

Figure B-12. Warning message appearing after direct-to-disk acquisition with gaps in the data. 

 

7. There is no need to save the data once acquisition is complete. It is already saved to the 
path/filename you indicated in step 2. To verify the data is good, select View Data in 
VCA File from the file menu and select d2d.vca. 
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Figure B-13. This cplot window shows two channels of data from the file d2d.vca. VFG output a 1 Hz 
sawtooth wave on channel 1 and a 1 Hz triangle wave on channel 2. 

 

8. In cplot, to view a single channel at a time check the “Line 1”, “Line 2” text objects in the 
upper left-hand corner. Clicking once toggles the line off. Clicking again, toggles it back 
on. The text changes to italics while in the off state, Figure 13. 

 

Figure B-14. The cplot window shows only channel 2 after toggling Line 1 to off. Notice its font in the 
upper left-hand corner is italicized in the off state. 
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Limitations 

Speed 

9. Remember, we just captured at a 25.6 kHz rate direct to disk, 2 channels at 12.8 kHz 
each. The 5 kHz bandwidth corresponds to [2.56*5 kHz] or 12.8 kHz sampling rate. If the 
overall data rate exceeds 40 kHz, your data will be discontinuous. To maintain gap-free 
data beyond the 40 kHz rate, use direct to DRAM acquisition. 

No Display 

10. You cannot display while acquiring in direct to disk mode. 

 

11. You are done with direct to disk acquisition. To use replay your data via SigLab’s output 
channels go to the next section,  
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Regeneration using VCA Files 

In this section we will use one of the two files created in the previous sections and send it to 
SigLab’s DAC for analog output using vfg. This is particularly useful when you’d like to re-
analyze the data at different bandwidths or processing conditions. It’s also useful just for 
visualization. 

 

1. Open vna and vfg. vcap isn’t necessary since we already have the VCA file but you may 
leave it open in the background. 

2. From the vfg File menu, select Open Arb (VCAP). 

3. Select d2d.vca from the siglab/vcap directory. vfg will download the d2d.vca to SigLab 
DRAM for playback through the output DACs, Figure 15. 

 

Figure B-15. The VFG window after loading d2d.vca for playback out SigLab’s DAC. 

 

In Figure B-15, note the Volts Peak reading by default says 5.000 volts. This is a bit 
misleading. The 5.000 number does not reflect the peak level coming out of SigLab’s DAC. 
When the Volts Peak reads 5.000, the regenerated data is scaled 1:1 with the original data 
values. Thus, if the peak level of a sine wave you acquired had a level of 1 volt, then setting 
Volts Peak to 5.000 would reproduce the original signal. Likewise, when the Volts Peak 
reads 10.000, the regenerated data is amplified 2:1 over the original data. We are aware the 
scaling is confusing and will likely be changed in forthcoming version of the software. To 
verify this is true, adjust the value of Volts Peak in vfg and observe the signal in vna. 
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4. Open the VCA file from the Direct-to-DRAM exercise, sine_square.vca and verify it is 
valid as well. 

5. There are 2 distinct advantages to Regeneration for post-processing. One, you can adjust 
any setup knob in vna such as bandwidth, full scale voltage level, center frequency, etc. 
Two, you can alter the rate at which the signal is played out the SigLab DAC. You are not 
limited to the 5 kHz bandwidth at which you acquired the data. Neither of these 
advantages is possible using Playback from DRAM. 

 

Interrogating a VCA File 

At some time you will likely want to find out under what conditions did I acquire data in a 
particular VCA file. The only way to interrogate a VCA file is using vna and vcap together.  

 

1. Open your VCA file via the vcap file menu, Open Existing VCA File. 

2. The corresponding acquisition parameters are set in the respective vna dialog boxes. The 
data is loaded as well for playback from memory. 

 

Creating a VCA File 

You are not limited to VCA files that were captured on SigLab’s analog input channels. You 
can also create your own from simulated data. The on-line help for MAT2VCA.M is 
reproduced here. If you follow the steps, you’ll soon be creating and playing back your own 
data using SigLab. 

 

>> help mat2vca 

function mat2vca(data,samplerate,filename) 

This function saves "data" in the VCAP file format (.vca) 

Warning: Before actually using this data with VFG for output 

to your gigantic shaker, verify the data's validity using 

SigLab and NOT the shaker. 

 data:   contains data to be saved (in volts) to a VCAP file. 

          data can be 1 by n, n by 1, 2 by n, or n by 2. 

          where n is the length of the data sequence and 

         the number specifies how many output channels. 

samplerate: the default playback rate in Hz. You may change  

this number after loading the file later so don't worry if  
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you don't know the playback rate from the start. 

See the description below for the available sample rates. 

filename:   full path and file name of the VCAP file 

               (if omitted, a file select box appears) 

               See the examples below. 

    

   Sample Usages: 

        

       >> mat2vca([1:8]/8,512,'c:\ramp1.vca'); 

  

       This generates a file with a ramp signal from 0.125 to 1 volt  

       for playback on channel 1. Notice the length of this  

       sequence is 8 samples. Also notice the sample rate for playback  

       is 512 Hz. Thus the rep rate of this ramp is 512/8 or 64 Hz. 

  

       >> mat2vca([[1:8]/8;[8:-1:1]/8],512,'c:\ramp2.vca'); 

  

       This generates a positive-going ramp for playback 

       on channel 1 and a negative-going ramp on channel 2. 

  

   Here are the restrictions placed on VCAP files using MAT2VCA: 

   Please review before designing your waveform. 

  

   1.  Long Vectors ( >= 32,768 samples) and Zero Padding 

  

       Vectors with length >= 32,768 will be zero padded such that 

       the result is the nearest (k*1024) in length, where k is an integer.  

       For example, if you submit a vector with 32,900 samples  

       to MAT2VCA, the resulting VCAP arbitrary output will be of  

       length 33,792 = 32,768 + 1*1024 samples. 

  

   2.  Short Vectors ( 2 to 32,766 samples) and Zero Padding 
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       VCAP files may contain as few as 2 samples. However, the number  

       of samples in a VCAP file must be EVEN. Therefore, if you submit 

       a vector with 11 samples to MAT2VCA, the resulting arbitrary  

       output will have 12 samples as a result of one zero being appended  

       to the end of the vector. 

  

   3.  Synchronicity 

   

       If you create a 2 channel VCAP file, then playback will be  

       synchronous. This is really a side benefit rather than a restriction. 

    

   4.  Sample rates   

  

       The sample rates available depend on the SigLab model you are using.        

       For a 20-22, 20-22a, or 20-42, the samplerates available are: 

       [5.12 12.8 25.6 51.2 128 256 512 1280 2560 5120 12800 25600 51200] in Hz. 

       For a 50-21, the samplerates available are: 

       [12.8 25.6 51.2 128 256 512 1280 2560 5120 12800 25600 51200 128000] in Hz. 

       You should choose only one samplerate. 

  

5.  Level Scaling and Max Levels: MATLAB Signal Level vs. Actual Output 

        The actual output level of the signal SigLab outputs will be the same 

       as the MATLAB vector when VFG is set to 10 volts ***. If you 

       set VFG to 5 volts, the actual output will be your MATLAB vector / 2. 

       For SigLab 2022, 2042, and 2022A users, the maximum level is 10 volts. 

       Take the proper safeguards when designing your signal and don't  

       violate the maximum levels or non-linearities will result. 

       For transient signals, there will naturally be overshoot above the  

       maximum level in your MATLAB vector. You must account for this when  

       designing your signal.  

       *** For SigLab 5021 users, the maximum level for VCAP files is 5 volts. 
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   The file may be sent to the output channel using vfg.  

   If you're using vfg to output your waveform, the waveform will wrap at the end 

   and play forever. Thus, your beginning point and end point can generate  

   discontinuities in the resulting waveform unless the proper safeguards  

   are taken when generating the waveform in MATLAB. 

  

   To regenerate this waveform, open VFG, Select File/Open Arb (Vcap), 

   and then select your .vca file. It will start outputting immediately. 

   You may have to toggle the All Enabled/All Disabled button in vfg. 

   Notice you can change the level, playback rate, and offset level of the 

   signal in run-time. 
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