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Abstract

This report presents the Field Trial data Analysis and Testing (FiTAT) tool developed at
DRDC Ottawa to analyze and process acquired data files recorded during field trials. Using
FiTAT, studies can be conducted to select the appropriate algorithms and hardware meeting
cost and performance. The implementation of the FiTAT tool and a user guide are described
here to provide useful information to software developers as well as users. In addition,
parallel computing is available to reduce the processing time of very large data files.

Résumeé

Le présent document présente 1’outil Field Trial data Analysis and Testing (FiTAT) déve-
loppé a DRDC Ottawa pour 1’analyse et le traitement de fichiers de données acquises au
cours de campagne de mesures. A I’aide de FiTAT, des études peuvent étre menées afin
de sélectionner les algorithmes appropriés et les composants du systéme satisfaisants aux
cout et performances. L’implémentation de 1’outil FiTAT ainsi qu’un guide d’utilisation
sont décrits ici pour fournir les informations utiles aux développeurs et aux utilisateurs. De
plus, le calcul en parallele a été considéré afin de réduire le temps de traitement des fichiers
de données volumineux.

DRDC Ottawa CR 2011-143 i



This page intentionally left blank.

DRDC Ottawa CR 2011-143



Executive summary

Field Trial data Analysis and Testing (FiTAT) tool

Mathieu Caillet; DRDC Ottawa CR 2011-143; Defence R&D Canada - Ottawa;
October 2011.

Background: Two data acquisition systems are currently available in the navigation group
in the Communication and Navigation Electronic Warfare (CNEW) section at DRDC Ot-
tawa. Data can be recorded during field trials to test and evaluate components of GPS/GNSS
systems (specifically anti-jam systems), or analyze frequency spectrum through post-pro-
cessing. In order to perform the evaluation of the performance, it was required to implement
a program tool which is able to read the acquired data files and process the data.

Principal results: The implementation of a graphical user interface (GUI) has been achie-
ved to facilitate the processing of the acquired data files. It allows to plot the acquired or
processed data, and compute data file processing using various methods. Parallel comput-
ing and batch run are available to reduce the processing time and to increase the efficiency.

Significance of results: Several nulling methods have been implemented to process the
acquired data. The FiTAT tool helps along in the evaluation of the performance for each of
the configurations tested during the field trials. After a method has been identified to meet
the targeted performance, the required hardware would be chosen.

Future work: The next step would consist in making possible the inter-operability of
FiTAT and another tool called PAASoM that was developed at DRDC Ottawa. In par-
ticular, the extraction of the steering vector contained in the acquired data could be carried
out in Fitat and used in PAASoM to determine the achievable radiation characteristics.
Also, the implementation of algorithms for direction finding (with or without calibration)
is considered.
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Sommaire

Field Trial data Analysis and Testing (FiTAT) tool

Mathieu Caillet; DRDC Ottawa CR 2011-143; R & D pour la défense Canada -
Ottawa; octobre 2011.

Contexte : Deux systemes d’acquisition de données sont présentement disponibles au sein
du Groupe navigation dans la section Guerre ¢lectronique (Communication et navigation)
a RDDC Ottawa. Des données peuvent étre acquises pendant les campagnes de mesures
pour tester et évaluer les différents composants des systemes GPS/GNSS, ou analyser les
spectres fréquenciels par post traitement. Dans le but d’évaluer et d’analyser les perfor-
mances, il était nécessaire d’implémenter un outil informatique capable de lire les fichiers
de données acquises et de traiter ces données.

Résultats : [’implémentation d’une interface graphique a été réalisée pour faciliter le trai-
tement des fichers de données acquises. Cette interface permet d’afficher les données ac-
quises ou traitées, et de procéder au traitement des fichiers de données en utilisant diverses
méthodes. Le calcul parallele et séquentiel sont disponibles pour réduire le temps de calcul
et etre plus efficace.

Portée des résultats : Plusieurs méthodes ont été¢ implémentées pour traiter les données
acquises. L’outil FiTAT aide dans I’évaluation des performances de chacune des mesures
réalisées sur le terrain. En particulier, I’identification d’une méthode satisfisant les perfor-
mances d’un systéme permet de sélectionné les composants du systéme a concevoir.

Recherches futures : La prochaine étape consiste a rendre possible 1’inter-opérabilité de
FiTAT avec un autre outil informatique nommé PAASoM qui a été développé a RDDC Ot-
tawa. En particulier, 1’extraction du vecteur source (amplitude/phase pour chaque antenne
du réseau) contenu dans les données acquises pourrait étre faite par FiTAT et utilisé dans
PAASoM pour déterminer les caractéristiques de rayonnement.
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1 Introduction

Data acquisition systems (DAS) are very useful to test different signal processing algo-
rithms using collected data before settling down on a hardware architecture. Using DAS
allows one to have access to various parameters and identify the critical ones for the tar-
geted application. Studies can then be conducted to select the appropriate hardware meeting
cost and performance. In order to process the acquired data, it is first required to read the
data and then to arrange it in a format suitable for digital computation. If multiple con-
figurations and algorithms are tested, several routines will most likely be used to process
the data. In this case, a user friendly graphical interface is convenient to integrate those
routines in the same environment.

Two DAS are currently available in the Navigation group in the Communication and Nav-
igation Electronic Warfare (CNEW) section at DRDC Ottawa. Those devices are a Gage
Octopus 8-channel 14-bit card [1], and a D-TA 8-channel 16-bit system [2]. Using both
devices, a large volume of data have been acquired over various field trials [3, 4, 5]. A soft-
ware tool, called Field Trial data Analysis and Testing (FiTAT), has been created to analyze
the data of both DAS and process the data using nulling algorithms. The objective of this
report is to present the design and implementation of the Fitat tool.

The different goals to be achieved in FiTAT are:

Read data from:

— Gage system;

— DTA system;

— raw data files.

— Save input data for use with the navigation software (GSNRx) developed by the PLAN
group at the University of Calgary [6]. Input data files can have header or not;
Plot input data versus frequency and/or time;

Process input data using one of the available nulling algorithms;

Plot output data versus Frequency and versus Time;

Save output data:

— In a format suitable for use with GSNRx;

— In DTA format to allow playback;

This report is intended to provide details to the software developers of FiTAT as well as to
the users. The report starts with the description of the Graphical User Interface (GUI) and
the implementation of the code. This information is useful for software developers who
may want to improve FiTAT, or add new features. A user guide is proposed at the end to
assist users with the practical procedures of FiTAT.

Section 2 focuses on the implementation of the GUI, with the associated actions. The data
handling is described in Section 3. Details regarding how data are converted to matrices
are provided. Moreover, the structuring of the code and the implementation of the data pro-
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cessing routines is presented in Section 4. In addition, a user guide is provided in Section 5.
Finally, this reports gives some conclusions and perspectives.
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2 Graphical User Interface (GUI)

This section describes the implementation of the GUI developped in Matlab [7]. The lay-
out of the main window is described first, and then the different variables of the GUI are
detailed. Finally, the main actions in the GUI are explained.

2.1 Description of the main window layout

The GUIDE (GUI Design Environment) module of Matlab has been used to accomplish
the FiTAT GUI In the Matlab environment, two files are required to implemented a GUI:
a Figure file (“.fig’), and a Matlab file (*.m”). The Figure file contains the information
regarding the different graphical components, and the Matlab file contains the code to be
executed depending on the action taken in the GUI. Using GUIDE, the components can
be arranged and saved in a ‘.fig’ file. Function headers corresponding to the created GUI
components are automatically generated and saved in the “.m’ file.

The layout of the main window is shown in Fig. 1. On the top, the data type, the generic
name of the data files, the channel names and the reference channel can be chosen. The
available data types are ‘Gage’,'DTA’,‘Real raw data’ and ‘1Q raw data’. The data file
generic name is defined as the common string of the data filenames under consideration.
The varying string of the data filenames is replaced by ‘XX’. The varying strings are en-
tered one after the other separated by a comma in the channel name field. For the reference
channel, the possible choices reflect the entered values in the ‘Specify channel name(s)’
field. In the middle area, the desired testing or processing are accessible with the corre-
sponding parameters. The plotting options and printing are located at the low level. At the
very bottom, three buttons can be pushed to either close or clear the GUI, and execute the
current project.

A command menu is also available to open and save project files, and access the help. The
menu has been created in GUIDE. Fig. 2 shows the command menu.

2.2 \Variables of the GUI

The names of the components of the GUI are shown in Fig. 3. The names of the corre-
sponding functions in the “.m’ file are based on the names of the components. For instance,
the code that achieves the actions related to the ‘multiProc’ checkbox will be implemented
in the ‘multiProc_Callback’ function.

DRDC Ottawa CR 2011-143 3
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Figure 1: FiTAT main window.
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Figure 2: FiTAT command menu.

DRDC Ottawa CR 2011-143



File  about L

dataType_label —

Datatype |- dataType ~ [ Muti-processor  ——+— mu/tiProc

Acq_file_label —f——— fomienme Acq_filename | LJ—+— Brows_acq_file

Ref_ch_label
Specfch ——— [] Specify channel name(s) Chino Reference channe!

N——+— Ref ch

System_test ) System test /—— Save_data_ch
& Windowsize L Window_size_label
(numbet of samples)
Data_process (3 Data processing [ save channel #
242 ———— Window_size
Pow_inv [ Power inversion
RefAuxfpowfmin [ ausiliary element povver minimization File length to process  =—f— Fi/eLengthProc_/abel
GenPowMin [] Generalized power minimization % — Fi/eLengthProc_ unit
N—1 FileLengthProc
Batch O Batch
Batch_filename I | C Brows_batch_file
Plot_vs_time
Plotfdatailabel ——'z Plot data [ wersus frequency [ wersus time ‘
/
Plot_vs_freqq —f—————=-=r

|3

Acq_proj_print

v

| |

Close Clear Execute

Figure 3: FiTAT GUI variables.

File  About
FileMenu / \AboutMenu
OpenProjMenu Open project file Help HelpMenu
Sa veProjMenu Save project file
LoadParamMenu Load parameters

Figure 4: FiTAT command menu variables.

DRDC Ottawa CR 2011-143 5



2.3 GUI actions

The actions carried out by each component of the GUI are described in this section. The
list of the different graphical components is given below (from top to bottom of the FiTAT
window) with a description of the actions and the interactions with other graphical compo-
nents. Actions are achieved by adding the proper code in the GUI “.m’ file. A Matlab GUI
file is organised by functions corresponding to the graphical components. It is then easy to
identify where the code should be added.

- ‘dataType’: no specific action carried out.
- ‘multiProc’: no specific action carried out.

- ‘Acq_filename’: Checks if the entered string corresponds to a valid filename. The field is
cleared if the filename does not exist, and an error message is returned into the ‘Acq_proj_-
print’ field.

- ‘Brows_acq_file’: Opens a standard dialog box for retrieving a data file. The files are fil-
tered according to the selected data type. If a previous file has been entered, the default
directory is the corresponding filepath. Otherwise, the default directory is the FiTAT direc-
tory. A test is performed to make sure the retrieved file is valid. The field is cleared if the
filename does not exist, and an error message is returned into the ‘Acq_proj_print’ field.

- ‘Spec_ch’: Enables ‘Ch no’ if checked.
- ‘Ch_no’: Reflects the entered names into "Ref _ch’ if the string is not empty.
- ‘Ref_ch’: no specific action carried out.

- ‘System _test’: If selected, disables and unselect/uncheck ‘Data process’, ‘Pow_inv’, ‘Re-
fAux_pow_min’, ‘GenPowMin’, ‘Save data ch’ and ‘Batch’. ‘Ch_no2save’ and ‘Batch -
filename’ are cleared and ‘Brows_batch_file’ is disabled.

- ‘Data_process’: If selected, disables and unselect/uncheck ‘System test’ and ‘Batch’,
and enables ‘Pow_inv’, ‘RefAux_pow_min’, ‘GenPowMin’ and ‘Save_data_ch’. ‘Batch._-
filename’ is cleared and ‘Brows_batch_file’ is disabled.

- ‘Pow_inv’: If checked, ‘RefAux_pow_min’ and ‘GenPowMin’ are unchecked.
- ‘RefAux_pow_min’: If checked, ‘Pow_inv’ and ‘GenPowMin’ are unchecked.
- ‘GenPowMin’: If checked, ‘Pow_inv’ and ‘RefAux_pow_min’ are unchecked.
- ‘Save_data_ch’: If selected, enables ‘Ch_no2save’.

- “‘Ch_no2save’: no specific action carried out.

6 DRDC Ottawa CR 2011-143



- ‘Batch’: If selected, disables and unselect/uncheck ‘System test’, ‘Data_process’, ‘Pow _-
inv’, ‘RefAux_pow_min’, ‘GenPowMin’ and ‘Save_data_ch’, and enables ‘Batch_filename’
and ‘Brows_batch_file’. ‘Ch_no2save’ is cleared.

- ‘Batch _filename’: Checks if the entered string corresponds to a valid filename. The field
is cleared if the filename does not exist, and an error message is returned into the ‘Acq_-
proj_print’ field.

- ‘Brows_batch file’: Opens a standard dialog box for retrieving a batch file (‘.txt’). If a
previous file has been entered, the default directory is the corresponding filepath. Other-
wise, the default directory is the FiTAT directory. Check if the retrieved file is valid. The
field is cleared if the filename does not exist, and an error message is returned into the
‘Acq_proj_print’ field.

- ‘Window size’: Checks if the entered value is an integer, returns an error message into
the ‘Acq_proj_print’ field if not.

- ‘FileLengthProc’: Checks if the entered value is an integer comprised between 0 and 100,
returns an error message into the ‘Acq-proj_print’ field if not.

- ‘Plot_vs_freq’: no specific action carried out.
- ‘Plot_vs_time’: no specific action carried out.

- “Close’: Opens a confirmation dialog box to make sure the closing request is intended. If
“Yes’ is pushed, a second dialog box pops up to allow for saving the current project. Else
the confirmation dialog box is closed and it returns to the main window.

- ‘Clear’: Unselects/unchecks, disables and sets to the default values all the graphical com-
ponents accordingly to create a new project. All the strings are erased from ‘Acq_proj_-
print’. If plots exist, they are closed.

- ‘Execute’: In the project mode, all the values of the project are read and saved in a ‘struc-
ture’ variable. The requested processing is then carried out. In the batch mode, the batch
file is read and the requested projects are executed one after the other as in the project
mode.

A function called ‘proj_req.data’ is used to verify that the data required for the project
setup have been entered. This function is implemented into the GUI ‘.m’ file and it is used
to enable or disable the ‘Execute’ button.

DRDC Ottawa CR 2011-143 7



3 Program operation and data handling

This section presents how the FiTAT tool is implemented and how the data are managed.
The management of the acquisition system data are described first, and then the different
modes of operation of the program are detailed. Finally, the variables and functions used
to save and retrieved the data from the GUI is reviewed.

3.1 Acquisition system data management

Data files recorded through DAS are generally very large. As a result, the processing has
to be done sequentially using blocks of data. To speed up the computation, the processing
can be carried out over several cores of the processor unit. To maintain the sequentiality,
the data are distributed in such a way that two consecutive cores computes two consecutive
blocks of data. In this fashion, the data can be retrieved in the proper order when the pro-
cessing is done. The data splitting is shown in Fig. 5. A header of size HS and containing
the acquisition parameters (for instance, sampling rate, number of samples, etc) is usually
present at the beginning of the data file. The data (file_length — HS) are located behind the
header, and have to be split in block of data of length Window_size and possibly distributed
across p cores of the processor unit. The required number of iteration to process the en-
tire file is m = (file_length — HS)/(p * Window size), and it should be determined before
starting the processing. Usually, the samples at the very end of the file cannot be processed,
their number depends of the window size and the number of processors.

The data format of the Gage and DTA systems are different. Acquired data using the Gage
card are stored in individual files, one file corresponding to one channel. In the case of
the DTA system, the acquired data are stored on a Redundant Array of Independent Disks
(RAID) array. There is no redundancy between the disks in the used setup. Because the
data of a specific channel are stored across multiple disks and interleaved, it is necessary
to re-construct the data for each channel before carrying out the processing. A routine has
been implemented in Matlab to read the read the different parts of one channel and save it
in one file [8]. This operation is time-consuming for long acquisitions.

3.2 Program operation

FiTAT can operate according two different modes of operation, plus the batch run:

— System test is used to either strip acquired data files (i.e. remove header) or plot data
(either acquired or computed data);

— Data processing computes the output data using the selected method, optionally strip the
acquired data. In this mode of operation, data cannot be plotted because it is potentially
distributed among multiple processors;

8 DRDC Ottawa CR 2011-143



0

Header
Header Size (HS) —

HS + Window_size =~ f---------------------------1

HS + 2*Window_size  |[----------=---------—-—------4

HS + (p-1)*Window_size =~ |--------------------------—-+

HS + p*Window_size

HS + 2*p*Window_size Data

HS + (m-1)*p*Window_size

HS + m*p*Window_size

file size |

Figure 5: Acquisition data splitting. Window _size is the length of the block of data being
processed at each iteration, and p is the number of cores.
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— Batch run allows to execute projects one after the other. It has been implemented to
automate the processing of several projects.

For both modes of operation, the input data have to be read first. If system test has been
requested, the data are plotted or saved without header. In the case of data processing, the
Interference to Noise Ratio (INR), noise level and eigenvalues are computed. Finally, the
output data are computed using the selected method and saved. This operation is summa-
rized in Fig. 6.

System test Data processing

Compute INR, noise
level and eigenvalues

out hene
without header OR Plot data

A
Compute and save output signal
using the selected method

Figure 6: FiTAT operation. INR stands for Interference to Noise Ratio.

Before opening the input files to read the data, the filenames are prepared by concatenating
the input data generic name and channel names. Then, the data are read and the strip-
ping and/or processing is carried out. Further details regarding the implementation of both
modes of operations are provided in Sections 3.2.1 and 3.2.2.

3.2.1 System test

System test allows to either save the acquired data files without header, or to visualize
data. In the case where data are saved without header, the data files are opened, read and
saved in different files. Because the data files are large, the data have to be read in blocks.
Parallel computing has been implemented to increase the efficiency of this operation. If
one processor is available, one block of each file is read sequentially until the end of the
file. When multiple processors are used, the choice has been made to distribute the files
among the processors. Under these assumption, there are two different scenarios: (1) the
number of files (no_ch) is a multiple (k) of the number of processors (p), or (2) the number
of files cannot be distributed evenly among the available processors. When no_ch = k* p
(scenario 1), k files are attributed to each processor. When no_ch = k * p +r (scenario 2),
k files are attributed to each processor, and the » remaining files are processed afterwards
using 7 processors.

When visualizing the data, the data files are opened, read and plotted. In this case, the
data are read and plotted sequentially by blocks of length Window size. This is a time
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consuming operation mostly due to the plotting. In this case, one processor is used because
parallel computing is not optimal when plotting.

3.2.2 Data processing

The data processing consists in calculating under constraints a combination of the specified
data files. The calculation can be done according to different methods. Details on each
method are provided in Section 4.2. The different data files are opened, read and the output
is computed by weighting the data of each file. For large data files, the processing is time
consuming. As for system test, parallel computing has also been implemented to increase
the efficiency of this operation.

When one processor is used, the data files are all processed one block after the other.
However when multiple processors are available, the data are distributed over the different
processors. Specifically, no_ch data files are opened, and one block of data are read by each
of the p processors, which means that p consecutive blocks are processed at a time. In this
case, the amount of processed data is a multiple of p * Window_size, and the end of the data
might not be processed.

3.3 Project data and additional functions

The data of the GUI are saved in a structure type variable named ‘proj_var_struct’. It in-
cludes the fields given in Table 1.

Two functions are used to read a project, ‘read_fitat_proj’ and ‘update_gui_field’. ‘read. -
fitat_proj’ manages the reading of the ‘.prj’ file and stores the extracted values in the ‘proj_-
var_struct’ variable. ‘update_gui field’ loads the values of into the GUI. ‘read_fitat_proj’ is
in an independant *.m’ file, and ‘update_gui field’ is implemented into ’Fitat.m’ (GUI).

Two additional functions are used to save a project, ‘get_proj_var’ and ‘save_fitat proj’.
‘get_proj_var’ allows to read all the values from the GUI and save them in the variable
‘proj_var_struct’. ‘save_fitat_proj’ write the ‘proj_var_struct’ variable in a .prj’ file (ASCII).
‘get_proj_var’ is implemented into ’Fitat.m’ file (GUI), and ‘save fitat proj’ is in a separate
.m’ file.

The function ‘WriteLogData’ allows to create a log file in the ASCII format to provide
the date and time of the analysis, the specified data files, the potential output files, and the
different values of the processing parameters (analysis type, window size, etc). It uses the
function ‘save fitat proj’, and it is implemented in its own ‘.m’ file.

Two others functions are used in FiTAT, ‘report’ and ‘match_subScale’. They are both im-
plemented into "Fitat.m’ (GUI). ‘report’ allows to print information regarding the data pro-
cessing into the ‘Acq_proj_print’ component located in the lower part of the GUI. ‘match_-

DRDC Ottawa CR 2011-143 11



Table 1: Fields of the ‘proj_var_struct’ variable.

Field name | Data type | Content
dataType string current element of ‘dataType’
multiProc integer | value of ‘multiProc’
dataFilename string ‘Acq_filename’
chNo_txt string ‘Ch_no’
RefCh string current element of ‘Ref ch’
RefElt integer | current value of ‘Ref_ch’
readSize_txt string ‘Window _size’ (closest power of 2 is consid-
ered)
fileLengthProc | integer | value of ‘FileLengthProc’
anaType string set to ‘syst_test’ or ‘data_proc’ depending of the
type of requested test
procMeth string set to ‘pwr_inv’, ‘ref pwr_-min’ or ‘gen_pwr_-
min’ depending of the type of requested pro-
cessing
stripData integer | value of ‘Save_data ch’
chNo2Save _txt string ‘Ch_no2save’
owr integer | setto 1 if file overwrite is allowed, set to 0 oth-
erwise

subScale’ is called when plotting is requested, and it determines the proper common scale
between the different data.

Four functions implemented on their own *.m’ file are necessary for FiTAT. ‘cut_str’ and
‘txt2num’ are used to isolate values in a string including commas and convert strings to
numbers, respectively. Those two functions have been developed at DRDC for other Matlab
tools (in particular PAASoM [9]). ‘modaldlg’ is a GUI called to confirm the closing of the
main window and to ask if the user wants to save the data. ‘Fitat closereq’ contains the
actions to be executed when requesting to close the main window (pushing the close button
or clicking on the top right cross button). It is necessary for this function to be on its own
.m’ to allow actions when the top right cross button is pushed. The function name has to
be specified into "Fitat.m’ (GUI).
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4 Structure of the code

When the execute button is pushed in the FiTAT interface, the processing of the data files
starts. This section provides details regarding the code which runs depending on the se-
lected mode of operation.

4.1 Description of the most relevant code

The core of the FiTAT tool code is implemented in the function ‘Fitat batch.m’. In this
manner, the code is independent from the GUI and it is flexible for batch runs. Only one
parameter is required to call this function:

function Fitat_batch(proj_var)

‘Proj_var’ is a structure variable containing the fields given in Table 1.

At the beginning of the ‘Fitat_batch’ function, one Matlab environment is set up on each
core of the processor unit if multi-processor is used. This is done with the command ‘mat-
labpool open’. Then, the set of data filenames is prepared and stored in a cell array named
‘files’. The output filename is also generated and saved in the variable ‘outputFile’, and/or
the headers are read depending on the selected mode of operation. The sample type is stored
in the variable ‘SamplType’ as a string. Its value is usually ‘int16’.

The data file processing starts with the opening of the data files and output file using the
command ‘fopen’. Then, the data files are read sequentially and by blocks. The data are
stored in a matrix called ‘read_data’. The columns correspond to the data files. Finally, the
“fileProc’ function is called and it returns the processed data ‘Vout’. In case multi-processor
is used, the output data need to be properly concatenated before being saved. To avoid too
many calls of the function reading the data, multiple blocks of data are read at once. In
this case, a conversion of the ‘read_data’ matrix to a cell array is realized and the ‘fileProc’
function is called for each cell.

At the end of the ‘Fitat_batch’ function, the data files and output files are closed with the
command ‘fclose’. If multi-processor was used, the Matlab environments are closed on
each processor using the command ‘matlabpool close’.

To summarize, the relevant variables are presented in Table 2.

4.2 Implementation of the data processing routines

The data processing of the data itself is done in the function ’fileProc.m’. It takes care of
the computation of the processed data according to the selected method. The parameters of
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Table 2: Relevant variables used in ‘Fitat_batch.m’.

Variable name | Data type | Details
files cell array | data filenames
outputFile string processed data filename
SamplType string sample data type
read_data matrix input data
Vout vector | processed data

this function are:
function Vout = fileProc(read_data,blockSize,proc_meth,ref_elt)

‘read_data’ contains the input data matrix, ‘blockSize’ is the number of samples being
processed, ‘proc_meth’ is the method used to compute the output data, and ‘ref_elt’ is the
reference element.

When real data are processed, the Hilbert function (‘hilbert.m’, available with the Matlab
signal processing toolbox) is called to compute the analytical data. The achieved processing
is described below for the different methods. For further information, refer to [10].

421 Power inversion

The power inversion method allows to steer nulls in the direction of interferences. This
method is useful when the desired signals are weak and no a priori knowledge of their
direction of arrival is available [11]. The formula used to compute the weights of each
sensor is:

Wopt = <I+k¢)7l T

where I is the identity matrix, k is the loop gain, ¢ is the correlation matrix of the incident
signals and 7 = [1 0 ... 0]”. The length of vector T is equal to the number of channels,
and the index equal to 1 corresponds to the reference channel.

To compute the correlation matrix of the incident signals, the interference to noise ratio
(INR) and noise level should be extracted from the samples. This is achieved by computing
the eigenvalues of the data matrix. The maximum eigenvalue corresponds to the SNR and
the minimum one is the noise level. This is implemented using the following Matlab code:

covmat = transpose(IQdata) x [Qdata/length(IQdata(:,1));
[V,D] = eig(covmat);
diag D data = diag(D);
noise_level = min(diag_D_data);
INR = max(diag_D_data) /noise_level,
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1Qdata is a matrix of size Window_size by no_ch. [V,D] = eig(A) produces matrices of
eigenvalues (D) and eigenvectors (V) of matrix A, and X = diag(u) puts the elements of
vector u on the main diagonal. Then the correlation matrix R/ and the weights Wopt are
calculated as follows:

RI=Vs«xVs' «INR/size(IQdata, 1),
T = zeros(1,size(IQdata,2))’;
T(ref_elt)=1;
k=1e9;
Wopt = inv(eye(size(IQdata,2)) +k*RI) x T,

Vs corresponds to the eigenvector of the maximum eigenvalue, and re f_elt is the reference
element. Y = eye(n) returns the n-by-n identity matrix.

4.2.2 Auxiliary element power miniaturization

This method is also referred to as the Minimum Variance Distortionless Response (MVDR)
beamformer and was first derived by Capon [12]. It is sometimes referred to as the Capon
beamformer. The MVDR method relies on the power of the desired signals and interfer-
ences, and maximizes the output Signal to Noise Ratio. The knowledge of the desired signal
is required in this method. The formula used to compute the weights of each sensor is:

Wopt = (1)71 : Us

where ¢ is the correlation matrix of the incident signals and Uy is the steering vector for
the direction of the desired signals. A way to implement this method with real data is to
consider the data from one channel, called the reference channel, and the other channel
are the auxiliary channel. The power minimization is achieved by a beam formed using the
auxiliary channels and subtracted from the reference channel. The weights used to form the
beams on the auxiliary channels are then determined by minimizing the mean square value
of the difference between the reference channel and the auxiliary channels. To do this, the
Matlab built-in function ‘Iscov’ is used:

Wopt = —Iscov(AuxData,Re fData)

4.2.3 Generalized power minimization

This method is also referred to as the Minimum Power Distortionless Response (MPDR).
It is similar to the MVDR method, except that a different estimate is used to compute the
weights:

USH i ¢_1

Wop = —o——
P UM 91U
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where ¢ is the correlation matrix of the incident signals, Uy is the steering vector for the
direction of the desired signals, and 7/ refers to the conjugate transform. Instead of mini-
mizing the mean square value of the difference between the reference antenna output and
the output of the auxiliary beam as in the case of the MVDR method, a QR decomposition
of the /Qdata matrix is carried out. The QR decomposition consists in a decomposition of
the /Omatrix into a product of an orthogonal matrix Q and an upper triangular matrix R.
From there, the upper triangular matrix R is used to calculate the weights. No reference
channel is required in this method. The corresponding Matlab code is:

¢ = ones(size(IQdata,?2),1);
[O,R] = qr(IQdata,0);
g=(R)=c
Wopt = (R_g);
Wopt = Wopt /(¢ * Wopt),

The size of the /Qdata matrix is the number of samples included in a block of data
Window _size by the number of data files no_ch, and gr(IQdata,0) actually produces the
economy-size decomposition. In this case, the first no_ch samples of each data file are used
for the processing.
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5 FiTAT user guide

When opening the FiTAT GUI (or clearing it), the channel name, reference channel, win-
dow size and processing length fields are filled with default values, which are read from
an ASCII file called ‘DefaultSetup.txt’ (Fig. 7). The user can modify the default values by
editing that file.

) [Fitat IZIE.@
~

File  About

Datatype [ Muti-processor

Acquired fil
genericname. | | L]

Window 3
(nurber of sarmples)

e p— Default values

L
i . . <
Generalized power minimizstion \ 1%

(O Batch

Figure 7: FiTAT GUI default values.

The first step to set up a project in FiTAT is to define the data type. As shown in Fig. 8§,
four options are available:

— Gage;

— DTA;

— Real raw data;

— IQ raw data.

Gage and DTA data types should be selected for acquired data, and real and IQ raw data
should be chosen for previously stripped or processed data.

Next, the data generic filename has to be defined. To do so, the user can use the browse
button beside the data generic filename field, and pick one of the files to be processed. After
that, the channel name in the data filename has to be replaced with ‘XX’. For instance, if the
picked filename is ‘IFcapture_GroupA_Chl.dat’, ‘GroupA_Chl’ (part of the filename that
varies for a set of data filenames) should be replaced with ‘XX’ (Fig. 9). It is also possible
to type (or paste) the filename directly into the GUIL. The channel names have then to be

DRDC Ottawa CR 2011-143 17



) |Fitat =3
-

File  About

Data type r) ] Muli-pracessar Gate
_______ z oA
Acquired file o Real raw deta
generic name | ‘ 1@ rav deta

[#] Specify channel name(s) (Groups_Ch1 Group,  Refersnce channel | Groups_Chi v

‘ © Systemtest

Window size
(nurmber of samgles)

() Dsta processin o Save channel #

Povwver inversion

Auxiliary element power minimization Filg length to procsss

Generalized posver ninitization %

O Batech

‘ Plot data [ Versus frecuency [ Versus time ‘

>

~

Figure 8: Data type options.

specified in the ‘Specify channel name(s)’ field. A comma is used as separator between
channels. The entered channels appear in the reference channel field. The user can select
the desired reference channel that would be considered for data processing considering the
power inversion and auxiliary element power minimization methods.

In addition, the window size and processing length should be specified. The window size
corresponds to the number of samples being used to process the data (size of data block).
The more rapidly the environment changes, the smaller the value should be. The processing
length is the ratio of data included in the data file(s) that will be processed. The user should
enter ‘100’ to process the entire file.

Finally, the desired type of processing has to be selected. The three available options are
detailed hereafter.

5.1 System test

The system test option can be used to either strip acquired data with the Gage or DTA sys-
tems, or visualizing data (acquired and/or previously processed). When dealing with large
acquired data files, it is preferable to strip the data first before plotting them (especially
with the DTA system). The processing length is very useful in this case to strip and/or plot
the data partially.
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& ¢ s‘\Date:\l:)m IF Capture Raw - Jan. EUMVFDapture_)(}(.dat| C] l =]
genericname " =l. _ _ _ - I - 3 = tFeacture 00 gen_pew_min_ssfChl.dat
------ = T
. A| e = Sronph he dat
Specify channel namets) [GroupA_Chi Group)  Reference channel  |GroupA_Ch1 w0 D E:ﬁﬁ::_\:x_m_“,
T Feactuen_Grough_Ch2 dat
Peapture_Groopl Chi.dst
() System test ‘ Deshbip 2 (P apiune Gl _CHE.dat
Windaw size 23 iFcocnrs GroueD. Chl.dnt
(number of samples) ) SliFestus_Srupd Chadst
) Data pracessing Save channel £ Al
Porwver inversion S’
’ My Comgat
Auziliary element pover minimization File length to process = -t
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Mpetvok Pl e 3 [ ]
Fiss of g ou -] Carenl |
() Batch ————
* vis.
| | | Files (7]
| Plot data [ wersus frequency [ versus time |

>

v

Figure 9: Definition of the data file generic filename.

5.2 Data processing

The data processing option allows to process acquired or raw data using several methods:
— power inversion;

— auxiliary element power minimization;

— generalized power minimization.

For details regarding the methods and their implementation, refer to Section 4.2. The aux-
iliary element and generalized power minimization methods use the specified reference
channel. Optionally, stripped acquired data can be saved by checking ’Save channel #° and
specifying the channel names in the frame beside the data processing radiobutton.

5.3 Batch run

When processing very large data file, the computation can be time-consuming. In this case,
it can be advantageous to use batch runs. To set up a batch run, the following procedure
should be executed:

— Save a project file (.prj) using the ‘File’ menu, and edit it (ascii format) to create other
projects (Fig. 10). Comments can be added in the project file using the ‘%’ character in
the beginning of each comment line (as in Matlab files);

— Specify the project filenames in a text file, as shown in Fig. 11;
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— Check the batch radiobutton in FiTAT, and browse the text file containing the project
filenames.

= DTA_IF_Capture_RawData_11.Jan2011_genPwrMin.prj - WordPad
File Edit “iew Insert Format Help

Dl Sk M & i

|CDunersw vllTU v‘ ‘Westsm vl B 77U

data type: Real raw dats
multi-processor: no

data filensme: E:\Work)MatlekhDats ace appiDatadDTL IF Capture Raw - Jan. 2011)IFcapture_XI.dat
channel nunber: Groupi Chl,Groupd ChZ, GroupB Chl, GroupB_Ch2z

read size (bytes): 2*1z2

file length to process (%): 10

analysis type: dats_proc

processing method : gen_pur_min

reference channel: Groupk Chi

strip data: 0

channel nuwber to save: Groupld Chl,Groupl ChZ, GroupB Chl, GroupB Chz

overwrite: 1

For Help, press F1 UM

Figure 10: Project file content.

I Batch_DTA_IF_Capture_RawData_11Jan2011.1xt - Notepad =[]
File Edit Format View Help

E:“workiMatlab\bata acg appDTA_IF_Capture_RawbData 113an201l_refPwrMin. prj
E:nworkymatlabhbata acg apphDTA_IF_Capture_RawData 113an201l1_genPwrMin. prj

Figure 11: Batch file content.

5.4 Result files

The result files are saved in the same directory as the data which corresponds to the path-
name of the data generic filename. As a result, it is a good practice to organize the acquired
data into folders.

For each simulation, a ‘.log’ file is generated. It includes:

— the filename of the project;

— the date and time at which the computation was performed;
the values of the variables of the project;

the filename of the processed data.

20 DRDC Ottawa CR 2011-143



In addition to the ‘.log’ file, different files, identified by an extension to the generic name,
are saved depending on the selected operation:

— raw data (header removed) - _raw’;

— channel combination - ‘_combine_operationNumber’;

— output data - ‘_ methodName _referenceElement’;

— optimal weights - *_Wopt_referenceElement’.
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6 Conclusions and perspectives

This report presented the FiTAT tool. The implementation of the GUI and the data handling
were described first. In addition, details regarding how data are converted to matrices and
the structure of the code were provided. In particular, several nulling algorithms have been
implemented. Finally, the instructions to use the FiTAT tool were given. This document is
intended to be used as a reference to further develop the FiTAT tool as well as to use this
tool.

As for perspectives, FITAT could be associated to the PAASoM tool [9] for the purpose of
studying the radiation characteristics related to the input data. In particular, PAASoM could
be fed by steering vectors extracted in FiTAT to compute the array factor and evaluate the
radiation characteristics of adaptive antenna arrays. In addition, new algorithms could be
implemented, specifically adaptive algorithms and direction finding methods.
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