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HARDWARE-SOFTWARE COMPLEX FOR A STUDY OF HIGH-

POWER MICROWAVE PULSE PARAMETERS 

V. G. Gal’chenko and T. A. Gladkova UDC 004.5; 621.372.81 

An instrumental complex is developed for a study of high-power microwave pulse parameters. The complex 
includes a bench for calibrating detectors and a measuring instrument for evaluating the microwave pulse 
parameters. The calibration of the measurement channels of microwave pulses propagating through different 
elements of the experimental setup is an important problem of experimental research. The available software 
for calibration of the measuring channels has a significant disadvantage related with the necessity of input of 
a number of additional parameters directly into the program. The software realized in the Qt 4.5 C++ medium 
is presented, which significantly simplifies the process of calibration data input in the dialog mode of setting 
the parameters of the medium of microwave pulse propagation. 

Keywords: calibration, measuring channels, microwave pulse, software, Qt 4.5 C++ medium, microwave pulse 
parameters. 

INTRODUCTION 

High-power microwave generators with output power of about 7104 W are used for sensing dense layers of the 
atmosphere. An adequate measurement of the pulse characteristics both directly on the generator output and after 
interaction with the propagation medium is of great significance. The calibration of the frequency-independent and 
frequency-dependent detectors used for a study of the microwave pulse parameters is described in [1]. The frequency-
dependent detector includes a beyond-cutoff attenuator and is used to estimate the microwave pulse spectrum. The 
detectors were calibrated using a computer code developed in the MathCad medium. This software is very inconvenient 
for an experimenter, because it requires input of additional parameters directly into the code when the properties of the 
microwave pulse propagation medium are changed.  

The software intended for detector calibration created in the Qt 4.5 C++ medium [2] is presented in this paper. 
Unlike the MathCad software, all necessary additional components are input from the table comprising the file of input 
parameters [3].  

CALIBRATION OF MICROWAVE PULSE DETECTORS 

The block diagram of the bench for calibration of the receiving detectors is shown in Fig. 1. Pulses from the 
calibration microwave generator operating in the pulse mode are input to two microwave detectors, frequency-
independent and frequency-dependent ones, containing a beyond-cutoff attenuator and a coupler through the coaxial-
wave transition, T-joint, attenuators, and other elements of the experimental setup. The mean power is measured at the 
coupler using a standard power meter. Calibration curves of detectors are constructed taking into account the deviation 
of the pulse shape of the calibration microwave generator from rectangular.  
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microwave generator, and ix  is the value of the ith detector reading at the calibration frequency. Analogously, the least-

squares functional 2F  is written for the frequency-dependent detector. 

The functional reaches a minimum when the partial derivatives of the functional with respect to the unknown 
coefficients are equal to zero: 

 1 1 1 1

1 2 5 6

0, 0, 0, 0
i i i i

F F F F

a a a a

   
   

   
.  (3) 

From here we obtain the system of linear equations for determining the four calibration coefficients for the linear 
detector at each of the 11 frequencies: 
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A solution of system of equations (4) makes it possible to derive a 4  11 matrix of calibration coefficients, i.e., 4 
coefficients for each of the 11 calibration frequencies. 

DESCRIPTION OF THE SOFTWARE 

The calibration software was implemented in the Qt 4.5 C++ medium. The project of the of software consisted 
of 5 modules successively providing the function of loading of calibration files recorded with digital oscilloscopes, 
calculation of 4 calibration coefficients for the detectors at each of the 11 frequencies, construction of the calibration 
curves, and recording of the calibration coefficients in two files. The obtained calibration coefficients are then used to 
calculate the microwave pulse parameters. The calculated calibration coefficients are shown as plots for the frequency-
independent and frequency-dependent detectors (Figs. 2 and 3). 

MEASUREMENTS OF THE MICROWAVE PULSE PARAMETERS 

An increasing efficiency of data processing allowed the capabilities of the experimental setup to be expanded, 
namely, a mobile detector was added whose motion on the surface of the imaginary sphere with the center placed at the 
emitting window of the generator allowed the spatial distribution of the radiation intensity to be analyzed, i.e., the 
directional pattern of radiation emitted by the microwave generator to be measured. The block diagram of the 
experimental setup for evaluation of the parameters of microwave pulses propagating through the measuring channel 
and of other setup parameters is shown in Fig. 4. Signals from the experimental setup were detected by two four-
channel digital oscilloscopes and recorded in the corresponding files. In this case, the coefficients calculated depending 
on the measured parameters were used for processing of the data obtained. In addition to signals from the detectors, the 
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