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Abstract 

A personal computer based fast fourier transform (FFT) 
analyzer has been developed for frequency spectrum analysis of 
signals from nuclear reactor. The system can perform window 
smoothing, computation of auto- and cross-power spectral density, 
coherence and auto and cross-correlation functions. The feature of 
16 analogue signals acquisition with high precision and high 
sampling frequency makes the analyzer suitable for malfunction 
diagnosis of nuclear reactors using reactor noise analysis. The 
development work for the Fourier analyzer was undertaken as a part 
of IAEA research contract no. 5925/RB. The applications of the FFT 
analyzer are described in reactor transfer function measurements 
and nuclear instrumentation channels frequency response testing. 
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1. Introduction 

Frequency spectrum analysis of time signals is an important 
analytical and diagnostic tool in a variety of fields like 
electrical engineering, vibration analysis and nuclear reactor 
safety [1,2,3]. The fast fourier transform (FFT) method is a well 
established technique for transforming the complex time signals 
into spectral components [4]. In nuclear reactors, the frequency 
analysis of nuclear signals is used for in-core surveillance and 
malfunction detection. The reactor noise analysis using Fourier 
analyzer has been utilized for the measurement of following kinetic 
and dynamic parameters. 

a) Open-loop and closed loop reactor transfer function and 
extraction of kinetic parameters, P/l and reactivity; 
determination of reactor stability criteria. 

b) Detection of in-core react iv.'.ty disturbances in the core, such 
as flow induced control rod or fuel element vibration, 
temperature noise induced by coolant blockage etc. 

c) Determination of frequency response of nuclear instrumentation 
channels. 

Conventional Fourier analyzer computers used in the industry 
are complex, cost intensive and stand-alone signal analyzers. 
Because of these limitations the application of these computers in 
the laboratory and industry has been rather limited. With the 
advent of personal computers in recent years as fast and portable 
general purpose computers, the use of personal computers in 
industrial and reactor applications has received wide 
acceptability. 

This report describes the development of a multi-input fast 
Fourier analyzer based on a personal computer, which can perform 
most of the functions available in a complex FFT analyzer. The 
system details and its applications are described in tho following 
sections. 
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1.1 Fourier Transform 

A physical process can be described either in the time domain, 
by a quantity x as a function of time t, i.e. x(t), or in the 
frequency domain, where the process is specified by giving its 
amplitude X as a function of frequency f, that is X(f) . The 
transformation from one domain to another is done by means of the 
Fourier transform equations: 

X(f) - _Jm x(t) e 2* i f tdt (1) 

x(t) = _J~ X(f) e~ 2* i f tdf (2) 

1.2 Coolev-Tukev FFT Algorithm 

The Fourier transform described in eqs. (1) and (?) is valid 
for continuous signals or variables. While working with sampled 
variables, obtained by analogue-to-digital conversion of analogue 
signals, it is essential to use discrete Fourier transform. The 
Cooley-Tukey fast Fourier transform (FFT) method for computation of 
Fourier components (5J results in a considerable saving of CPU 
time. As an example, the Fourier transform of N number of data 
points obtained by conventional methods requires N 2 complex 
multiplications. With the help of FFT the same can be accomplished 
in Nlog2N operations, which is a considerable saving when large 
number of data points are involved. 

1.3 Auto and Cross Power Spectral Density Functions 

The signal power per unit frequency is called power spectral 
density (PSD) and is defined by the relation 

PSD = | X(f) x X(f)* | 2 (3) 

where X(f) and X(f)* stand for real and imaginary componentr. of the 
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Fourier transform of signal x(t) respectively. Prom eq. (3) it 
follows that the power spectral density is a real function in 
frequency domain. 

If we consider two processes X(f) and Y(f) in frequency domain, 
then the cross power spectral density function of the two processes 
is defined as 

CPSD(X,Y) « X(f) * Y(f) (4) 

where, the asterisk sign indicates complex multiplication. The 
cross power spectral density is a complex function and contains 
both magnitude and phase information. 

One important application of cross power spectral density is the 
transfer function measurement of a physical system. If we consider 
x(t) and y(t) as the time-dependent input and output signals 
respectively of a system, then its transfer function H(f) can be 
obtained by the relationship, 

CPSD(X,Y) = H(f) PSD(X) (5) 

where the terms X and Y signify representation in frequency domain. 

Another useful relationship relating transfer function and the 
power spectral density function is, 

PSD(Y) = |H(f)|2 PSD(X) (6) 

Since the PSD is a real valued function, the phase information of 
the transfer function in the above equation is lost. 

2. System Architecture 

The development work for the PC-based Fourier analyzer 
comprised of three main parts: 
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i) Development of hardware and software for fast data acquisition 
of multiple analogue signals. 

ii) Development of data processing routines for window smoothing 
of 'raw' digitized data, fast Fourier transform for frequency 
analysis, computation of signal auto-and cross-power spectral 
density functions, coherence and correlation function. 

iii) Interpretation of frequency spectra, amplitude and phase plots 
to obtain standard signal "signatures1*; graphic display and 
plotting of frequency spectra. 

The block diagram of the system is shown in Fig. 1. The system 
details are described below: 

3. Data Acquisition 

The primary step in performing digital processing on analogue 
signals is digitizing the data, i.e. converting it from analogue to 
digital form. A good analogue-to-digital convertor (ADC) for FFT 
analysis must possess following features [6]. 
i) Multiplexing capability: if different signals are to be 

processed simultaneously the ADC must be able to sample each 
input independently by multiplexing or polling scheme, 

ii) ADC resolution: high ADC resolution is a necessary requirement 
for accurate digitization of analogue signals having large 
dynamic range (high ratio of maximum to minimum signal 
amplitudes). When an analogue signal is digitized, there is an 
error which is normally the least significant bit (LSB) of the 
digitized data. It can be shown that the standard deviation of 
the digitizing error is [7] 

0 2 * 0.288 LSB (7) 

For an ADC having 8 bit resolution, the root mean-square error for 
a ±10 volts input signal is about 10 mV. For a 12 bit ADC this 
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error reduces to 0.7 mV. For frequency analysis of the fluctuation 
in a signal, or signal noise, it is essential to use an ADC with a 
high, 12 bit, resolution. 

iii) Conversion Speed 
When working with multiple signals having large frequency 

bandwidth it is essential that ADC conversion tine should be as 
••all as possible. For high frequency signals it is common practice 
to use ADC with the conversion time of 20 microseconds. For faster 
conversion requirement flash ADC's are used with conversion time of 
nanoseconds range. 

Based on tht- above criteria the ADC selected for the FFT 
analyzer was DAS-16 multi-function, high speed, programmable card 
interfaced with personal computer. The board can be installed in an 
expansion slot of the PC/XT/ AT computers. The ADC card has 
following features: 

- 50,000 samples per second maximum sampling rate. 
- 16 single ended or 8 differential analogue input channels. 

8 digital Input/Output lines. 
2 Channels digital-to-analogue convertor (DAC). 

- Interrupt driven foreground-background operation. 

The ADC card can be programmed in Basic language (compiled or 
interpreted) or C language. 

3.1 Data Acquisition Software 

The data acquisition software mainly comprises of commands to 
address different ADC registers in correct sequence. The flow chart 
of the data acquisition algorithm is shown in Fig. 2. As the first 
step, the program sets different ADC parameters, which include the 
number of signals to be digitized, ADC gain and sampling frequency. 
The total number of signal records, required for signal averaging, 
is selected by the user. The program then initializes the computer 
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timer and sets the record length, N (no. of samples to be acquired 
in one record). The analogue-to-digital (A/D) conversion of the 
first signal then starts. Once the A/D conversion of one data point 
of the first signal is complete, the program writes the data on a 
file and skips to next signal for data acquisition of one point. In 
this way all signals are digitized simultaneously. The next step in 
the algorithm is the data acquisition of one record of all signals. 
If there are M no. of signals and the record length for each signal 
is M, then for a total of K records the total number of A/D 
conversions performed is (K x H x N). 

After the completion of entire data acquisition process the program 
computes actual sampling frequency from the time lapsed during 
signal acquisition of one record. 

4. Data Processing 

The digitized data acquired by the ADC card is in the form of 
ADC levels. Following functions are performed on "raw" da«.a by the 
data processing routines for frequency spectrum computation. 

i) Smoothing of raw data by using appropriate window function. 

ii) Conversion of the ADC levelc into engineering units. In this 
step the digitized uata is transformed into the particular 
engineering units of the signal, like reactor power, neutron 
count rate, etc, by using appropriate channel transfer 
function. 

iii) Statistical signal analysis in time domain, e.g. signal mean 
and standard deviation error. (Optional) 

iv) Transforming the time domain data into frequency domain by FFT 
algorithm. 

7 



v) Computation of auto- and cross-power spectral density 
functions, phase angle and coherence between two signals; 
correlation function. 

vi) Special functions like peak search, area under the peak and 
root aean square computation of the frequency spectra. 

vii) Graphic display of frequency spectra and correlation function. 

The flow chart of the data processing algorithm is shown in Pig. 3. 
Following is a brief description of various data processing 
functions . 

4.1 Winfloy function 

Computing the Fourier transform of the raw captured data is 
equivalent to processing through a rectangular or Dirichlet window 
[7). This has the undesirable effect of discontinuities at the 
beginning and end of the data set. Hanning window of the 
mathematical form 

*r<z)-0.5x(l-CO8<2xwx2/tf)) 

was used for data smoothing. The signal variable was multiplied 
with the window function in the time domain, which is equivalent to 
convolving the spectrum of the signal with spectrum of the window. 

4.2 Data Processing Software - FFT Execution Time 

The entire signal processing software was developed in 
Fortran-77 language using 80387 math coprocessor. Efforts were made 
to minimize the program execution time, and random access I/O files 
were used for storage of digitized data and frequency spectra. 

With a record length of 1024 points the entire processing algorithm 
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for PSD computation, including window smoothing and other special 
functions, required the execution time of about three seconds. This 
measured execution time is valid for a relatively slow (8 MHz.) 
computer, and is expected to reduce by a factor of three for fast 
PC/At-386 computers. This is a marked improvement over the 
execution time of other FFT algorithms on IBM PC reported in 
literature [9]. For slowly varying signals from a nuclear reactor 
with frequency bandwidth of 100 Hz. it is possible to use the PC 
based Fourier analyzer for on-line applications. For the on-line 
analysis of signals with higher bandwidth, data processing software 
has been developed in C-language. 

4.3 Graphic Display 

Different display routines were developed for proper 
presentation of the processed data in an informative and alear 
manner. Some of the main features of these routines are, 

i) Presentation of multiple signals and their frequency spectra 
on the screen. 

ii) Possibility of display of log magnitude and phase plots; 
linear presentation of transfer function, coherence and 
correlation plots. 

iii) Spontaneous display on the screen of related information about 
signal parameters and peak data. 

To improve the quality of display high resolution monitor was used. 
Printout of the display can also be obtained optionally. 

5. System Applications 

The PC-based frequency spectrum analyzer has been put to use in 
reactor applications for parametric measurements. The results of 
these measurements are described in the following sections. 
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5.1 Reactor Kinetic Measurements 

The open-loop reactor transfer function of the old HEU core of 
PARR-1 was determined with the help of neutron noise analysis 
technique, using the PC based Fourier analyzer. The fluctuations in 
the current of a neutron ionization chamber located near the 
reactor core were analyzed, after proper amplification and 
frequency filtering. The power spectral density of the fluctuations 
obtained by the FFT analyzer is shown in Fig. 4. The break 
frequency (a) of the PSD plot was obtained as 20.8 Hz. From the 
value of reactor break frequency the neutron mean lifetime, (, was 
obtained directly [10]. The value of f obtained experimentally 
agreed with the designed value for the old HEU fuelled core. 

5.2 Frequency Response Characteristics of Nuclear Instrumentation 
Channels. 

In another application of the FFT system, some measurements 
were made to determine the frequency bandwidth and time constant of 
nuclear instrumentation channels of PARR-1 reactor. The output 
signals of the nuclear channels were recorded at different power 
levels and the auto- and cross-power spectral density of these 
signals were obtained by analyzing the signal fluctuations. The 
main objective of these measurements was to ensure that the nuclear 
instrumentation correctly detected safety related reactivity 
transients in the reactor. The power spectral density plots of 
linear flux channels A & B for a typical reactor run at 5 kW are 
presented in Fig. 5. From the two frequency spectra of Fig. 5 it is 
evident that the linear flux channel does not allow to pass 
fluctuations having frequencies higher than 10 Hz. The fact that 
the CPSD curve drops off more rapidly in magnitude than the PSD 
indicates the presence of uncorrelated noise in Linear channel A 
signal PSD. The results of the analysis of other channels are being 
compiled. 
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6. Conclusion 

A PC based fast Fourier analyzer has been developed for 
frequency spectrum analysis of time signals. The project work was 
performed under IAEA research contract No. 5925/RB. The system is 
low-cost substitute of stand alone spectrum analyzer and has most 
of the features of the complex analyzers. The system is fast and 
can be used for on-line frequency analysis of reactor signals 
having bandwidth of 100 Hz. Some applications of the system for 
reactor kinetic measurements and nuclear channels frequency 
response characteristics are described. The Fourier analyzer has 
also been utilized for preliminary measurements of coolant flow by 
transit time method using cross correlation of two N-16 signals. It 
is planned to perform reactor dynamic and kinetic analysis of the 
new LEU core of PARR-1 using the FFT system. 
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