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BRIEF 
cirQED™ Rotation Analyzer is a PC-based instrument installed and run as a COM Add-in under 
Microsoft® Excel, which simplifies data acquisition and processing and extends the functionality 
of the instrument. This intimate relationship permits cirQED™ software to directly access a 
number of powerful Microsoft Excel Functions, including those built-in and the data analysis 
tools, i.e., the work functions available in the Analysis ToolPak Add-in. cirQED™ software 
provides the data and parameters for each analysis, the Excel tools employed use the appropriate 
statistical or engineering macro functions, and cirQED™ software formats and displays the 
results in tables and charts. This paper is the second of a two part series and covers application 
examples of cirQED™ RA for FFT analysis with sensors that generate several frequency 
components at constant angular speed, the impact of sampling rate, data collection time, and 
windowing functions in reducing spectral leakage, and a technique for analyzing the 
performance of other types of rotary devices “indirectly” by coupling them to a rotary sensor 
which is attached to a cirQED™ RA unit. 
 
 cirQED™ RA Manual FFT Feature 

The Run MANUAL FFT window, shown in 
Figure 1, is accessible as an item listed on the 
CIRQED dropdown menu in Excel.  The 
dropdown menu is available following cirQED™ 
program installation. Manual FFT operations are 
generally needed to apply Windowing in the 
cirQED™ RA System, which will be discussed in 
a later section.   Manual FFT involves copying 
and pasting a set of discrete time-data into column 
E of  the FFT spreadsheet, typing in values for the 
Sample Rate and the Total Number of Samples to 
be processed (FNum) and then pressing the FFT 
button to do the FFT Analysis.  Automated FFT 
analysis was also applied to acquire some of the 
data shown in this paper, and is a cirQED™ RA 
system feature which was discussed in Part I 
 
Improving FFT Spectral Resolution 
The data shown in Figures 2 and 3 are results of 
FFT analysis on two sets of ideal digitized 
sinusoidal waveforms, which were generated in 
Excel.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The Time Responses and FFT Spectra were calculated and charted using the instrument Manual 
FFT feature.    These results show that FFT spectral resolution, at any constant sampling rate, is 
improved by sampling for sufficient periods of time.  For each of the two studies shown, four 
individual sets of discrete pure sine wave data at frequencies of 10, 11, 13, and 16 Hertz were 
generated, simulating the collection at a fixed rate of 256 sps for total times of 1.0 and 4.0 
seconds respectively.  Each quad set was averaged to produce a single data set which was then 
FFT analyzed to try to recover the frequency components.    
 
The data in Figure 2 was acquired in one second and the FFT Spectrum shows broadened lines, 
which suggest the possibility of more than just four frequency components. In addition, the 
components at 10 and 11 Hertz are “smeared” together. Spectral Leakage, which is discussed 
below, is not the cause.  The broadening seen in Figure 2 is a result of poor sampling technique 
that resulted in a spectral increment that was simply too coarse.  Increasing the sampling rate did 
not improve spectral resolution, however, collecting more time-based data, i.e., collecting data at 
the same sampling rate for a longer period of time, showed significant improvement.  The data in 
Figure 3 was acquired in four seconds and shows narrow frequency spectral lines for each of the 
four component frequencies, allowing component differentiation and accurate amplitude 
measurements.  Note that the amplitude for the charts in each figure has the same unit (volts or 
millivolts).   The pertinent variables for FFT Analysis are (1) the total number of discrete 
samples selected for FFT analysis (FNum), (2) the sampling rate, (3) the total sampling time ( 
FNum/sampling rate), (4) time increment per sample (Del_T), and (5) the frequency resolution 
(Del_F= 1/total sampling time).  The relationship in (5) clearly shows that the spectral frequency 
increment decreases, irrespective of the sampling rate, as the total sampling time is increased.   
 



FFT Analysis of a Resistor-Based Rotary Sensor 
  
Figure 4 shows the Time Response and FFT 
Spectrum calculated and charted for a 5 kohm 
Honeywell NEI Resistor-Based Potentiometer, 
using the AutoFFT feature of  cirQED™ 
Rotation Analzer 2.0.   See Part I of this two 
part series for details regarding the equipment 
used to collect the data shown.  The sampling 
rate was 512 sps, total collection time was 1.0 
second, and FNum was 512.    
 
AutoFFT feature automatically calculated the 
Time Response and FFT Spectrum shown, in 
addition to converting continuous sensor 
output data to 12 bit analogs and storing the 
results directly into an Excel spreadsheet 
column.  For more details about the AutoFFT 
feature, see Part I. 
 
The FFT spectrum consists of both odd and 
even harmonics, with their amplitudes 
decreasing in the ratio 1st Harmonic x 
(1/Harmonic Number).  The predicted 
amplitude error for the 10th harmonic is 17%.  
It would be interesting to see how much this 
error changed by increasing the sampling time 
to more than just one second. 

 
Using Larger Samples and a Windowing Function To Reduce Leakage 
Spectral Leakage is defined as a non-physical phenomenon that causes broadening of component 
spectral lines, resulting in errors in determining the characteristic frequencies and the amplitudes 
of components.  It is a result of the assumptions made, when applying the FFT algorithm to 
collect a finite set of digitized data, that (1) the sample taken is actually repeated in time and (2) 
that all of the frequency components are being sampled properly, i.e., are periodic in the 
sampling time interval chosen.  Leakage can be minimized but generally not completely avoided.   
Bigger samples (longer total sampling times) help reduce leakage, however, add considerable 
computation time to an analysis.  In addition,the maximum sampling time permitted changes 
inversely with the sampling rate, since a maximum of 4096 samples can be processed using 
Excel’s FFT Work Function. A technique called Windowing can reduce leakage without having 
to increase the number of samples.  A window function addresses an essential cause of leakage, 
i.e., the sampling starts and ends at different phases (times) in the signal cycle.  The Hanning 
Windowing function reduces leakage by re-shaping the amplitude of the signal sample acquired 
such that both ends smoothly approach zero.    
 



 

  
Figure 5 shows the time response and FFT Spectrum recorded with a sin cos HallPot® Resolver 
sensor rotated at 12 rps.  The sampling rate was 256 sps and FNum was 1024. The frequency line 
in the FFT Spectrum indicates very slight broadening (clearly visible near the base of the line) 
and the FFT harmonic amplitude(2.38v) and DC amplitude(2.49v) were in close agreement with 
the characteristic performance parameters determined for the sensor, i.e., slope=2.432v and 
intercept =2.495.  Figure 6 shows the result of applying the Hanning Windowing Function to this 
data.   The Hanning Window Function is defined as:  U(t) = 0.5x (1-cos(2x PI x t/T) , where,  t is 
the time at which an individual discrete data point is acquired and T is the total sampling time. 
The general procedure involves collecting a discrete data set for the sensor (see the Time 
Response in Figure 5),multiplying the individual values recorded with time by the corresponding 
Hanning function values, and running a Manual FFT Analysis on the “product”data set.  The 
selection of an appropriate Windowing Function is discussed in the literature, however, any of 
the Windowing Functions may be applied in the cirQED™ RA System by following the same 
procedure as for the Hanning Windowing Function..    
 
The Time Response in Figure 6 shows how the Hanning Window reduces the impact of the 
phase error (and leakage) by smoothing and tapering the data to minimize the sampling error due 
to phase differences at the start and end of the sampling window.  The application of the Hanning 
Function also leads to a reduction in the amplitude of the frequency component generated from 
FFT analysis. Since the Hanning Function multiplies by 0.5, the FFT amplitude must be 



multiplied by 2 to adjust it to the correct value.  The FFT amplitude for single components was 
generally found to agree to within 95-99% of the correct value, when this adjustment factor was 
applied.   Leakage effects were not completely removed with the Hanning Function.   Without 
Windowing, leakage causes significant variations in the FFT amplitude, which cannot be 
controlled by simply adjusting the values for sampling rate, FNum, and total collection time.   If 
component frequencies and only their relative amplitudes are of primary interest , then 
Windowing may not be necessary. 
 
Indirect Analysis of Rotary Devices Using cirQED™ RA 

cirQED™ Rotation Analzer 2.0 can be easily 
applied to analyze, check,  and diagnose problems 
with rotary devices which are not sensors.  Figure7 
shows a cirQED™ RA unit connected to the chuck 
on a shop metal lathe, indirectly via a sin cos 
HallPot® Resolver.  A flexible shaft coupler was 
used to connect a ¼ inch diameter aluminum rod in 
the chuck to the shaft of the Resolver. In addition 
to simply checking the rotational speed and/or 
perhaps calibrating the Lathe speed, cirQED™ RA 
could be used to assess performance over the entire 
operational range under actual operation and help 
reveal the nature of any malfunctions that may be effecting its operation.    
 
The results in Figure 8, along with those from additional studies not shown, indicate that the 
metal lathe speed is well regulated and speed control is accurate. The sampling rate was 256 sps 
and FNum was 1024. These results show a single line at 16.75 Hz in the FFT 
Spectrum, corresponding to 1005 RPM. A digital Tachometer built into the instrument read 1000 
RPM. Although not needed to assess the performance of the equipment shown in Figure 7, the 
sampling rate could have been set four times lower than it was, which would have allowed the 
total data collection time to be set as much as 16 times higher. These changes would have 
increased the FFT frequency resolution from 0.25 Hz to 0.0625 Hz and provided more detailed 
information of even greater diagnostic value.  


