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�Introduction


An interactive and graphical X-ray Line Profile Fourier Analysis program FOURYA has been developed for the MS Windows operating system. FOURYA is a user friendly system written in the c++ programming language. It performs the deconvolution of a reference X-ray Diffraction (XRD) profile and a broadened XRD profile in real time. Each stage of the process can be inspected graphically. Important in this work is the ability to directly view the real, imaginary and modulus transforms as any number of parameters are varied, such as time shifting or scaling, and the effects of changing the background function in the 2q domain. FOURYA also provides a graphical method for noise removal as well as for extending the limits of XRD profiles for cases where the profile has been truncated.


System Requirements


The system requirements for FOURYA are as follows:


Operating System : MS Windows and Win32s


Hardware : PC386 or higher.


Minimum 2M bytes of memory.


User Instructions


FOURYA utilises the capabilities of the Multiple Document Interface (MDI) implementation of Borland c++ under MS Windows. MDI offers a flexible environment where any number of XRD files can be viewed in any number of graphics windows. More than one XRD file can also be displayed in the same window. Numerous other window types are available at the user’s request; some of these are shown in figure � seq fig fxfit1 \* MERGEFORMAT �1� and descriptions given in table � seq table t7xfit \* MERGEFORMAT �1�. FOURYA also offers excellent graphics facilities for displaying XRD data (see Appendix � seq appendix app2 \* MERGEFORMAT �1� for file types and formats).


Window Type�
Purpose�
�
Options�
Edit/Show Options, A small window of frequently used options that is displayed on program execution.�
�
Help�
Help/Help, Displays the contents of the text file HLP.CPP in a text window. HLP.CPP contains a number of key-board commands that facilitate program operation.�
�
Text�
A text window is created when a text file is loaded.�
�
Edit File Details�
A window that is the main interface between the user and the data stored by FOURYA.�
�
Edit x-y scales�
A means of numerically changing the x-y limits of a window.�
�
Temporary Output�
A small text window displayed by FOURYA for temporary output.�
�
Table � seq table \* MERGEFORMAT �1� Window types available to the user. LMB and RMB corresponds to the pressing of the left and right mouse buttons. Underlined words/phrases corresponds to the selection of menu options. For example,  File/Load Data  means execute the File menu and then the Load Data option of the File menu.


�


Figure � seq fig \* MERGEFORMAT �1�.  Monochrome display of FOURYA. FOURYA is actually displayed in colour. 


Basic FOURYA Operation


Descriptions of the Options window and of the main menu options across the top of the screen (see figure � seq fig fxfit1 \* MERGEFORMAT �1�) are given in tables � seq table txfit9 \* MERGEFORMAT �2� and � seq table txfit8 \* MERGEFORMAT �3�. Windows can be opened and closed at any time at the users request. In some instances FOURYA automatically closes windows to prevent clutter.


The x-y limits of the graphics windows can be changed using the three manipulation icons at the top left hand corner of the screen. These provide for most of the required manipulations as follows:


1st icon �
LMB increases y2, RMB decreases y1.�
�
2nd icon �
LMB decreases x1, RMB increases x2.�
�
3rd icon �
LMB decreases x1 & x2 in equal amounts.


RMB increases x1 & x2 in equal amounts.�
�
Key-board manipulation instructions, given in the Help window, are often quicker and simple to use in this context.. 


The typical course of events during the operation of FOURYA are as follows:


Load and display the required XRD files.


Assign reference XRD profiles to the broadened XRD profiles.


Change back-ground, extrapolation functions, and frequency cut off limits and view inverse or deconvolution profiles.


Options Window�
�
�
Arrow�
Show the standard mouse cursor. In this mode the x-axis limits of the active graphics window can be changed using the LMB and RMB. The LMB pressed changes the x1 limit to the x-axis position of the mouse. The RMB pressed changes the x2 limit to the x-axis position of the mouse.�
�
File Details�
Displays the Edit File Details window. �
�
Capture�
Changes the mouse cursor to capture mode. This mode allows a new XRD file to be created (Captured) from the displayed part of an XRD file. This is done by pointing to the desired XRD file and then pressing the LMB.�
�
Manipulate x


Manipulate y�
These options changes the mouse cursor to manipulate mode. This mode allows manipulation of the actual data of displayed XRD files. Point and drag using the LMB/RMB to operate on the desired XRD file. The LMB performs translation.


For Manipulate x, the RMB contracts/expands the x-axis limits of the XRD file.


For Manipulate y, the RMB multiplies the XRD data.�
�
Table � seq table \* MERGEFORMAT �2�  Description of the Options window operations.





File�
�
�
Load Data


Unload Data�
Load/Unload XRD data, up to 32 graphics files can be loaded. Each loaded graphics file has a tick/cross icon assigned to it; this corresponds to display/hide the data respectively. Each graphics view displays its own set of ticks/crosses. More than one file can be loaded/unloaded at a time as describe in section � ref \n w3 \* MERGEFORMAT �3.3.1�.�
�
New TXT


Load TXT


Save TXT


Save TXT As�
Text window file operations. The MS Windows text editing key-strokes are available for editing.�
�
Load Project


Save Project�
Load/Save all data stored by FOURYA into a project file (*.PRJ).  Project files can be reloaded at a later time.�
�
Exit�
End FOURYA. The user is prompted to save modified files. �
�
Edit�
�
�
Show Options�
Display the Options window. This window is typically left displayed since it contains often used commands.�
�
Edit x-y Scales�
Edit the x-y limits of the graphics windows. �
�
Create x-y Report�
Save a text column report of the displayed graphics data of the active window. These reports can then be easily read by a spread sheet.�
�
View�
�
�
Show all of selected files�
Displays in the active window all of the selected files (ticks).�
�
Fix y2 at max y


Fix y1 at min y�
Fix the y2 (or y1) limit of the active window (or all windows) to the maximum (or minimum) y value of the displayed XRD data.�
�
Fix y1 to zero�
Fix the y1 limit of the active window (or all windows) to zero.�
�
Show FT(Yobs) Re, Im�
Show the Rel and Im transforms of the selected XRD files.�
�
Show FT(Yobs) Modulus�
Show Modulus of the Rel and Im transforms of the selected XRD files.�
�
Show FT(Yobs)/FT(Ref) Re, Im�
Show Re and Im of FFT(Broad) / FFT(REF) of the selected XRD files.�
�
Show FT(Yobs)/FT(Ref) Modulus�
Show the Modulus of  FFT(Broad) / FFT(REF) of the selected XRD files.�
�
Show Yobs�
Show the loaded XRD file (Yobs).�
�
Show Inverse FT(Yobs)�
Show the Inverse of FFT(Yobs).�
�
Show Deconvoluted Profile�
Show the Inverse of FFT(Broad) / FFT(REF).�
�
Window�
�
�
Cascade


Tile Vertical


Tile Horizontal


Arrange Icons�
Standard window manipulation operations.�
�
Add View�
Creates and displays a new graphics window.�
�
View all files�
Creates and displays a graphics window for each loaded XRD file.�
�
View selected files�
Creates and displays a graphics window for each selected (ticks) XRD file.�
�
Help�
�
�
Help�
Displays a text window containing useful information on FOURYA’s operation.�
�
About�
FOURYA Authors.�
�
Table � seq table \* MERGEFORMAT �3�  Main menu and description of menu options.


Saving XRD files


FOURYA prompts the user to save modified XRD files on program termination. Files are flagged as modified when they have been manipulated or Captured (see table � seq fig txfit9 \* MERGEFORMAT �1� for descriptions of the Manipulate-x, Manipulate-y and Capture options of  the Options Window). XRD files can also be saved or unloaded by pressing the RMB on the ticks/crosses (see top of screen in figure � seq fig fxfit1 \* MERGEFORMAT �1�) which brings displays a pop-up menu with the following options:


Show all of this file


Unload


Save As


All files are saved in the XDD format as described in Appendix � seq appendix app2 \* MERGEFORMAT �1�.


The Edit File Details Window


The Edit File Details window provides the interface between the user and the data stored by FOURYA. Referring to figure� seq fig fxfit1 \* MERGEFORMAT �1�, the operation of the Edit File Details window is simple and flexible and is as follows:


To change data, for example the a1 Value attribute of Extrapolation data left: 


1. 	Locate the parameters using the LMB on the top left list box to expand/collapse headings. 


2. 	Select the a1 values to be changed using the LMB. The a1 values can be selected in any order by holding down the Ctrl-key. The whole H1 column can be selected by pressing the LMB on the a1 heading.


3. 	Type the new value at the Change Selections To position and press return to send  this new value to the selected a1 positions. Another way to send the new value is to press the LMB on the heading of Change Selections To heading, i.e. “Change Selections to”.


If a particular value/string associated with a particular parameter needs to be copied to other parameter positions, then do the following:


1.	Send the a1 value to be copied to Change Selections To by double clicking the LMB on a1 value.


2.	Select the a1 positions where the a1 value (Change Selections To contents) is to be copied to.


3.	Send the contents of Change Selections To to the selected a1 positions by pressing the LMB on the heading of Change Selections To.


In some instances, the selection of parameter positions in the bottom list boxes brings up options at the Options list box. These options are executed by pressing the LMB on the desired option.


Selecting More than One Item at a Time


More than one item can be selected at a time by using the LMB and dragging for consecutive selections. Non consecutive selections can be made using the LMB whilst holding down the Ctrl-key.


Brief Tutorials


The following are some brief getting started FOURYA tutorials. First run fourya.exe from within MS Windows.


Tutorial 1. Fourier Smoothing by Adjust the Frequency Cut off   (Refer to figure � seq fig f1 \* MERGEFORMAT �2�). 


i)   	Execute File/Load Data and load the example XRD file fourya_path\smooth.xdd.


ii)  	Add two new windows to make a total of three using Window/Add View.


iii) 	Tile the windows horizontally using Window/Tile Horizontal


iv) 	Select the bottom window by pressing the LMB and then display the Yobs file by pressing the RMB on the tick/cross and choose Show all of this file.


v)  	Select the top window and then perform View/Show Yobs Modulus.


vi)	Select the middle window and then perform View/Show Inverse Yobs.


vii)	Adjust the background line in the bottom view by mouse dragging. Use both the LMB and RMB the until it looks right.


viii)	Extend the x-axis limits in the bottom view by using both the LMB and RMB on the top icon second from the left.


ix)	Adjust the left and right extrapolation lines together with the background line in the bottom view until the background and extrapolations looks right.


x)	Adjust the frequency cut off line in the top window to smooth the data.
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Figure � seq fig \* MERGEFORMAT �2�  End result of tutorial 1.


Tutorial 2. Deconvolution of a Reference from a Broad Profile   (Refer to figure � seq fig f2 \* MERGEFORMAT �3�). 


i)	Load the example XRD files broad.xdd and ref.xdd.


ii)	Add four new windows to make a total of five using Window/Add View and tile the windows horizontally using Window/Tile Horizontal.


iii)	Press LMB on the File Details option of the Options window. 


iv)	Assign the reference profile to the broad profile using the Assign Reference profile option. A simple way of doing this is to double click the LMB on ref.xdd to send it to Change Selection to, select the Assigned Reference Profiles position corresponding to broad.ref, and then press the LMB at the Change Selection to title.


v)	Set the windows to display the following


	top left = ref.xdd,	top right = broad.xdd


	middle left = both ref.xdd and broad.xdd and perform View/Show Yobs Modulus. 


	bottom left = broad.xdd and perform View/Show Yobs/Ref Modulus. 


	bottom right = broad.xdd and perform View/Show Deconvolution. 


vi)	Adjust the extrapolation and background lines of the broad.xdd and ref.xdd profiles in the top windows..


vii)	Adjust the f2 limit line of the middle left window whilst watching the deconvolution in the bottom right window.
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Figure � seq fig \* MERGEFORMAT �3�  End result of tutorial 2. ref.xdd and broad.xdd are LaB6 profiles with and without Soller slits respectively.


Technical Details


Overview of Data Structures and Parameter Types


Table � seq table t3xfit \* MERGEFORMAT �4� shows a schematic of the data structures used by FOURYA. Data and parameters assigned to an XRD is through graphical user input. All data entered by the user can be saved to a project file (*.PRJ) which can be reloaded at a later time for continued analysis.


XRD patterns�
Up to 32 XRD files can be loaded.�
�
    XRD pattern�
�
�
        FFT Variables�
�
�
            FFT Zero�
The zero in 2q space, defaults to the centroid of Yobs�
�
            f2 limit�
The frequency limit, only frequencies below this value are considered.�
�
            f doubler = n�
Increases the number of discrete frequencies by a factor of 2n.�
�
Extrapolation data left function�
The extrapolation function =  a1/x + a2/x2 + a3/x3.�
�
Extrapolation data right function�
Same form as the Extrapolation data left function.�
�
Bkg function�
Bkg = ao + a1 (x - xo), xo = midpoint of the Yobs 2q range.�
�
Table � seq table \* MERGEFORMAT �4�   The XRD data structures. Data types with “no limit” indicates no limit to the number of these data types.


�Appendix � seq appendix \* MERGEFORMAT �1�. File Types and Formats


The XRD data files read by FOURYA are all ASCII text files. Their formats are shown in table � seq table txfit13 \* MERGEFORMAT �5�. Comments can appear in any of the files and are of the following form:


 /*  Block and nested block comments are allowed. */


‘	 text from this character to the end of the line is a comment.


Other file extensions that has the *.XDD format that can be read by FOURYA are:


*.CPT, *.IM, *.RE, *. MOD, *. INV, *. BRR, *. BRI, *. BRM, *. DEC


File Type�



Format�



Explanation�
�
*.XDD�
line comment�
An optional line at the start of the file�
�
�
start angle�
start angle of XRD pattern.�
�
�
step angle�
step angle of XRD pattern.�
�
�
finish angle�
finish angle of XRD pattern.�
�
�
counting time�
time spent counting at measured steps.�
�
�
an unused number�
Not used by FOURYA�
�
�
wavelength (Å)�
Not used by FOURYA�
�
�
I1 


I2


I3 etc.......�
Observed XRD data points.


Data separators can be space(s), tabs or new-line character (i.e. white space characters).�
�
*.CPI�
line comment�
must exist.�
�
�
start angle�
start angle of XRD pattern.�
�
�
finish angle�
finish angle of XRD pattern.�
�
�
step angle�
step angle of XRD pattern.�
�
�
anything ....�
�
�
�
SCANDATA�
Key-word before the start of the observed data.�
�
�
I1 


I2


I3 etc.......�
Observed XRD data points.


Data separators can be space(s), tabs or new-line character (i.e. white space characters).�
�
Table � seq table \* MERGEFORMAT �5�  File formats read by FOURYA.
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