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where F(ω) is the Fourier transform of f(t) and ω is defined as the radian frequency, 2πf. Since a 

sampled data waveform provides a finite number of discrete data points, the discrete Fourier 

transform pair (Equation 2) is used.6





 

(2a)


 

(2b)


 

(2c)

Here, N is the number of sample points, xk is the time domain function, k is a discrete time 

counting variable, Xn is the frequency domain function, and n is a discrete frequency counting 

variable. The discrete Fourier transform is similar to a continuous Fourier transform, but it has 

some additional interesting properties, which will be discussed in section 3.3.

Using voltage versus frequency data, absolute electric or magnetic (depending on the 

type of field probe) field strength versus frequency can be calculated. This data is stored and 

saved for later assessment of EMP mitigation techniques.

3. The MATLAB EMP Analysis Routine

MATLAB™ is a high-level mathematical programming language, provided by The 

MathWorks, Inc., that uses matrices as fundamental objects. It offers sufficient user and system 

compatibility to facilitate the development of a self-contained program with a graphical user 
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interface (GUI). This project developed an EMP Measurement Analysis Routine using the 

MATLAB language.

3.1 Importing Field Probe Measurement Files

The first function of the EMP Analysis Routine is to read and import probe files stored by 

an oscilloscope. Voltage versus time data is stored in one of two formats. 

The CSV format is stored directly by the oscilloscope. Different oscilloscope models 

create variations in the header information placement within the file. Some contain header 

information in the same two columns as the data values. In this case, the file has a total of two 

columns, and data starts in the first row without alphabetic characters. Other CSV files contain 

header information next to the data values. In this form, the file has five columns, and data starts 

at row 1, column 4. The final CSV storage convention encountered does not include header 

information. The MATLAB routine constructs a map of empty cells and cells with alphabetic 

characters to indicate where actual numeric values are located in each particular CSV.

The HDF format is specifically designed for scientific data set storage. Raw scope data 

sets to be archived are converted by a separate software task to an HDF file for efficient archival 

memory utilization. MATLAB has two built-in functions for importing HDFs. The function 

“hdfread(filename)”  returns a vector of integers that are proportional to the y-values measured by 

an oscilloscope. Another function “hdfinfo(filename)”  returns a structure that contains the scale 

factor for y-values, the time interval between samples, and experiment type. At this point, 

voltage versus time data has been imported into the MATLAB routine from either supported 

format. It is necessary to associate data with information about the particular experiment and 

probe so the analysis routine can produce correctly scaled and well-labeled results.
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The probe structure, shown expanded in Figure 1, is defined and used throughout the 

EMP Analysis Routine to keep track of all of the aspects of each probe data set. Information 

fields are found using different methods, depending on the imported file format. HDF files 

specify most of the necessary information in their own information structure; however, CSV files 

have no useful metadata. Probe structure information from CSV files relies on the diligence of 

the experimentalist in placing that information in the filename. For example, if the string ‘dB’ is 

located in the filename, the program infers that the signal attenuation is equal to the number 

preceding ‘dB.’ Using the GUI, the user can manually enter or change a probe’s information 

fields. Once data is imported and the probe structure identified, the program can analyze the raw 

voltage waveform.
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Figure 1. An expansion of the probe structure conven-
tion



3.2 Analysis of the Time Domain

Although the primary purpose of the routine is to analyze the frequency spectrum of 

EMP, other important measurements, such as the peak voltages, attack time, pulse duration, and 

energy, are made in the time domain. For these metrics to be determined accurately, it is useful to 

know the peak voltages and the pulse start and end time. The peak voltages are found to be the 

maximum and minimum values of the data. EMP pulses from the OMEGA laser experiments 

generally take the form of a fast rising and exponentially decaying complex combination of 

sinusoids as illustrated in Figure 2. To find the start of the pulse or the head, a sample of pre-shot 

noise is taken. The head is defined as the point where the voltage exceeds twice the noise level. 

The attack time or the rise time is useful in assessing how abruptly EMP reaches its maximum 

voltage Vmax. To find the end of the pulse or tail, it is assumed that voltage decays exponentially 

with time. The program makes a moving average envelope of the waveform and fits an 

exponentially decaying function to it. The tail is defined to be where the envelope decays to less 

than 1% of the maximum voltage or approximately Vmax *  e-5. Once the head and tail are known, 
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Figure 2. A sample plot of a raw voltage versus time waveform


