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Executive Summary

The goal of this project was to design a calibration system for the Advanced Modular Incoherent Scatter Radar (AMISR), a phased-array radar system being designed by SRI International for scientific study of the ionosphere.  The AMISR consists of thousands of independent antenna units that must work in unison in order to provide accurate measurements.  The modular nature of the radar system, its relocatability, manufacturing variances and possibly day-to-day changes in the environment make it necessary to calibrate the system.  Additionally, the calibration system has the potential to provide other functions, such as the quick isolation of malfunctioning antenna units. 

The calibration system design consists of a calibration antenna located above one corner of the radar array that emits a signal to and receives a signal from each of the antennas, one-by-one. A software model was constructed using Numerical Electromagnetic Code (NEC) to simulate this system, and the modeling results are compared to the physical results to obtain a set of parameters that can be used to calibrate the antenna units.

The major portions of the project were: finding the best crossed-dipole model, the Translator software that prepares the data, the software module Kalibermeter that implements the calibration algorithm, and the calibration antenna graphing package. 

The AMISR consists of 4,096 crossed-dipole antennas per face.  A crossed-dipole, however, cannot be modeled directly using NEC.  Two alternative models were created, the Straight Model and the Bent Model, and various analyses were performed to determine which was better. A direct comparison between physical data and the two models would have quickly solved the problem, but was not possible due to delays outside the scope of this project.  Instead, different model parameters were isolated and the contribution of each was determined.  Single crossed-dipole physical tests were also performed to determine under what circumstances the models yielded significantly different results.  This analysis suggested that the Straight Model was likely to obtain results closer to the physical measurements than the Bent Model.  

The physical measurements retrieved from the AMISR antenna units and the output of the NEC modeling software both arrive in formats that contain large amounts of extraneous data.  The DAQ Translator is a program that converts a binary file of over 100MB into an ordered list of the antennas with the corresponding useful data for each.  The NEC Translator converts a file containing all modeling parameters, setup information and results into a corresponding list of antennas with the relevant model results.  Both Translators write the list in a format that is easily imported into graphing software such as Matlab, and convert the data into useful units and format.

Kalibermeter is the central software package that combines all the separate pieces of the calibration system.  Kalibermeter carried out the physical calibration tests by communicating with the radar array, called the DAQ Translator to convert the data into useful form, and compared this data to the modeling results from the NEC Translator to find the calibration coefficients.  A graphic user interface (GUI) was created to simplify the use of the calibration system. 

The signal of the calibration antenna induces currents in each of the antennas on the radar array, and an analysis of the magnitude and phase of these induced currents was necessary to evaluate a calibration antenna design.  It was not feasible to use NEC to model all 4,096 of the antennas simultaneously, so a graphing package, CalNECMod, was written to simplify this process.  CalNECMod divides the face of the array into thirty-two smaller pieces and models each of them separately.   Matlab is then used to produce the desired plots.  The graphic package provided a quick method of evaluating different antenna designs for the calibration antenna, and it was used to obtain a preliminary recommendation for the design, the V-Dipole antenna.  

The AMISR Calibration system was not completed but it is anticipated that once the radar panel is fully established at the field site, the remaining tests could be performed and analyzed in less than two weeks.  These tests would provide the information necessary to quickly complete the calibration system.

