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1 Introduction
1.1 Licensing
This software may be downloaded and used by; 

1. USERS of  the ENGINX, ( ISIS, UK),  KOWARI, (ANSTO ,AUSTRALIA) and NRSF2, (ORNL ,USA) neutron diffraction facilities,

2. Any other person given permission to do so by the author, (please contact, j.a.j.james@open.ac.uk ) 

1.2 What is SScanSS and why use it?
SScanSS, (pronounced “scans”), stands for Strain Scanning Simulation Software.

The SScanSS software has been designed to fulfil three requirements;

1. To offer support for the main operations associated with planning and executing neutron and synchrotron strain scanning experiments.

2. To help optimise use of beam time by; i). Assisting production of a viable measurement plan, and ii). Ensuring rapid and accurate generation of the instrument control scripts that are used to position the sample for each measurement.

3. To increase the scientific value of the results by; i) helping to ensure positional accuracy, ii) allowing simple real time modification of measurement plans in response to information gained from processed data, iii) providing access to a three dimensional, virtual, model of the sample on which results can be displayed and iv)  automatically archiving the experiment details and the measurement positions thereby enabling measurement positions and processed data to be transferred between experiments.
1.3 Using SScanSS

SScanSS is based on virtual reality (VR) models of the sample and the instrument. The software manipulates these models enabling measurement points to be accurately positioned in sample space and simulations of scans to be performed. A typical use of SScanSS is as follows:
1. Prior to beam time.
i) A model of the sample to be measured is generated, by either: a) LASER scanning the sample, b) exporting a model from a CAD package, or, c) generating a simple model from within SScanSS.

ii) The user positions the required measurement points within the sample model.

iii) The user specifies the strain components they wish to measure at each measurement point.

iv) The virtual instrument is selected and modified to reflect the users choice of (optional) hardware items such as collimators, jaw settings etc.

v) The sample model is positioned within the virtual instrument and the scan is simulated. This simulation is performed in order to: a). determine how the sample should be oriented in order to measure the required components, b). determine feasibility, (are all measurement points accessible), c). estimate count times, (can the measurement be performed in the available time).
2. During beam time.
i) The real sample is positioned on the instrument and its position measured and input into SScanSS.

ii) The machine movements required to measure the selected points are generated automatically and the scan is performed.

iii) Data is analysed and new measurement points added, as required.

3. Post beam time.
i) The SScanSS software archives all the information required to recreate the experimental setup, thereby assisting in the accurate interpretation of results. 

ii) Results may be shown in the context of the model by overlaying fields on the SScanSS virtual sample model.
1.4 Learning SScanSS
The software has been designed to be as intuitive and as easy to use as possible.  The main techniques are demonstrated using two short tutorials (approximately 15mins each) in which the user is guided through an experiment to measure a line of points on a sample component.  

Note: 
i) The first tutorial covers techniques required to plan a strain scanning experiment; completion of this tutorial is therefore all the training that is required prior to the experiment! 
2 Installation
2.1 New SScanSS installation

2.1.1 Installation from CD

SScanSS may be installed from CD, please contact Jon James if you require a installation  CD. 

The following steps should be followed;

i) Place the SScanSS CD in the CD drive (eg. D:) 

ii) SScanSS will run automatically if ‘Auto-run’ is enabled on the PC. If ‘Auto-run’ is not enabled SScanSS may be run by double clicking on the shortcut ‘D:\SScanSS.exe’. While the program can be run from the CD, normal usage requires the creation of new files and for this reason the program should be installed on the PC. SScanSS is installed by performing the following steps.

1. Create a new folder on the PC, e.g. C:\SScanSS’

2. Copy the contents of the CD to this directory.

3. Move the shortcut ‘C:\SScanSS.exe’ to the desktop.  SScanSS may be started by double clicking on this shortcut.

2.1.1.1 Creating the SScanSS project directory
1. Move the folder ‘C:\SScanSS\SSCANSS_PRJS’ to a one of the PC drives, e.g. ‘C:\SSCANSS_PRJS’. This folder contains the demos and will also contain any new projects that are created. Note: It is currently necessary that this folder is in the top level of one of the PC drives.

2.1.2 Installation from zipped file (SScanSS.zip)
1. Download SScanSS.zip (approx. 140M).

2. Extract the files to a folder C:\SScanSS’

3. Follow step 3 above and the steps for “Creating the SScanSS project directory
” 
2.2 Version Upgrades

New versions of SScanSS will be notified by email. The file “Whats new.doc” details the new developments in each version. 

The steps required to upgrade to a new version are detailed below, including the steps to upgrade the instrument hardware models which will be required if the instrument models have been changed from the previous version.

2.2.1 Program upgrades
To upgrade to the most recent version of SScanSS from an earlier installation follow these steps;

1. Download the file sscanss.sav, (approximately 10M) from the website.

2. Replace the file “C:\SScanSS\SSCANSS\sscanss.sav” with the newly downloaded version. 

2.2.2 Instrument hardware model upgrades

It may also be necessary to update the instrument hardware specifications (if this is necessary it will be notified). To do this;

1. Download the file LABS.zip (approximately 1.6M) from the web site. 
2. Unzip the file. 
3. Replace each the file; “C:\SScanSS\SSCANSS\LABS” with the new version.
3 Referencing SScanSS

It is vital for the continued development of the SScanSS software project that the software be referenced where it has made a significant contribution to the planning or execution of an experiment.

The following papers provide background to SScanSS and are suitable for to cite as references:

3. J.A. James, J.R. Santisteban, L. Edwards and M.R. Daymond, A Virtual Laboratory for Neutron and Synchrotron Strain Scanning. Physica B, Condensed Matter (2004) 350 pp.743-746.

4. J.A. James and L. Edwards, Application of robot kinematics methods to the simulation and control of neutron beam line positioning systems. Nuclear Instruments and Methods in Physics Research A. (2007) 571, 709-718.

4 Tutorials
This section contains two short tutorials that illustrate, using a simple example, the main techniques needed to use the SScanSS software. Every button press or keystroke is detailed, and on completion of the tutorials the important aspects of the program should be clear. Links are provided to additional information on many topics and several of the steps are illustrated with figures. 
In the text below, titles of buttons and menus are indicated by bold type, and the required user input is enclosed square brackets, e.g. [ENTER].
4.1 Tutorial (i) - Planning the Experiment
The aim of this first tutorial is to illustrate the steps needed to plan and simulate a strain scanning experiment.
4.1.1 Logging on
i) It is assumed that SScanSS has been installed.  If this is not the case the installation procedure should be followed as described in Section 1.4.
1. To start the program, double click on the SScanSS desktop shortcut or on the file; ‘drive\SScanSS\SScanSS.exe’, where ‘drive’ is the computer drive in which SScanSS has been installed, (or the CD drive if running from a CD).
2. A panel appears, offering buttons to enter SScanSS or to exit the program:  select  [SScanSS].
3. Press [ENTER] or click on the IDL splash panel that appears.

4. The Front panel appears, (Figure 1.). Select the facility at which the experiment is to be performed from the ‘FACILITY SELECTION’ menu, e.g. [ISIS].
5. Type the letter denoting the drive on which the SScanSS directory resides, or on which a new SScanSS directory is to be created, e.g. [C].

6. Enter the name of your SScanSS directory, e.g. [SSCANSS_PRJS].
7. Logon by clicking the LOGIN button.

8. Type, (or select using BROWSE), the Project folder, e.g. [demo].
9. Press the [APPLY] button.

10. An Information panel will appear stating that a new (or existing) project folder has been opened and giving the path. Click on [OK] to acknowledge this panel.

11. The ‘Main Panel’ appears, (Figure_2).
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Figure 1. The Front Panel.
4.1.2 Setting up the Sample

i) As well as illustrating how to import a simple model this section introduces various generic image manipulation buttons that are available on other windows.
ii) Additional information is available on this topic.
1. Click on the [Sample] tab to bring the ‘Sample’ panel, (Figure 3.), to the front.

2. Select the [Import Existing Model] option from the ‘Initialise Model’ menu and open the [demo.model] file displayed in the directory list panel, (either by         highlighting the file and pressing open or by double clicking on the filename).
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Figure 2. The Main Panel

3. An image of the sample appears in the window along with (x,y,z) coordinate axis showing the sample coordinate system, as shown in Figure 3. 

4. Select each of the options in the ‘SAMPLE’ menu, (top right of window), in turn to change the render style of the sample, e.g. [Solid], [Transparent], [Wire frame], [Points only]. In order of increasing computational demand the options are; ‘points only’, ’wire frame’, ‘solid’, ‘Transparent’, (on large sample models and or slower systems the more computationally expensive of these options may be appreciably slower).  

5. Click on the [+/-] button in the lower right corner of the window. Place the mouse cursor near the centre of the window, press the left mouse button and move the curser towards/away from the centre of the window to zoom in/out of the image.

6. Click on the [T], (Translate) button in the lower right hand corner of the window. Position the cursor on the image of the sample and press the LH mouse button and move the cursor to translate the image.

7. Click on the [R], (Rotate) button in the lower right hand corner of the window. Position the cursor on the image of the sample and press the LH mouse button and move the cursor to rotate the image, (the centre of rotation is the origin of the sample coordinate system).

8. Press the [Spawn Interactive View] button in the lower left corner of the window to generate a new window with additional manipulation and printing options.
9. Press the [Save Model] button, (top right), to save the sample model to the project folder, with an optional name ‘name.model’.
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Figure 3. The ‘Sample’ panel
4.1.3 Setting up the Fiducial Points

i) Fiducial points are selected locations on the sample that can be seen when the sample is in position on the instrument. Fiducial points are used to determine the position of the sample on the instrument. The fiducial points used in this demo were the centre of 10mm diameter fiducial balls, hence their distance from the surface of the sample.
ii) Additional information on this topic is available.
1. Press the [Fiducial Points] tab to bring the ‘Fiducial points’ panel to the front.
2. Select the [Import Fiducial points] option from the ‘Initialise Fiducial Points’ menu.
3. Select the [demo.fiducial] file from the directory listing.
4. Five numbered crosses will appear on the sample graphic indicating the position of the fiducial points, as shown in Figure 4.
4.1.4 Setting up the Measurement Points

i) Measurement points are the locations within the sample at which the lattice parameter is to be measured. A measurement point is an x,y,z coordinate in the sample coordinate system.
ii) Additional information is available on this topic.
1. Press the [Specify Measurement Points] tab to bring the ‘Measurement Points’ panel to the front.
2. Select the [Select Points Graphically] option from the ‘Initialise Measurement Points’ menu, (this selects a graphical means of creating measurement points).
3. Select the [1D Linear] option from the ‘Geometry of Point Pattern’ menu, (to choose to generate a line of measurement points rather than single points or arrays of points).
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Figure 4. The ‘Fiducial Points’ panel

4. Select the [Graphically] option from the ‘Specify Plane’ menu, (measurement points are assumed to lie on a plane within the sample – this options selects the option of specifying this plane graphically rather than algebraically).

5. Select the [xz plane] option from the ‘Specify Orientation of Plane’ buttons. 
6. Position the mouse cursor within the sample bounding box that contains the sample on the top left window and press the left mouse button to position the (pink) plane on which the measurement points are to be placed. Select a plane near the middle of the sample, as shown in Figure_5, (top left window).
7. A graphic of the cross section formed by the plane appears on the top right window of the panel. Press the [T] button, (lower right hand side of window), and move the right hand side of the cross section to the centre of the window. Zoom in using the [+/-] button.

8. Select the [Rectangular Grid] option from the ‘Grid’ menu, (top left of window), and press the [APPLY] button. This will add a 10mm by 10mm grid which will assist placing the measurement points.

9. Use the [R], (rotate) and [T], (translate) buttons to align the vertical edge of the cross section with one of the vertical grid lines, (Figure 5. top right window).

10. Press the [Draw] button (lower right hand side of window). Draw a line 10mm deep, (one grid box size), and parallel to the edge of the cross section by placing the cursor at the start position, pressing the left hand mouse button and moving the cursor to the end of the required line. This is the line along which the measurements points will lie, (Figure_5, right hand window).
11. Enter the number of points, e.g. [10] in the ‘No.of Points’ text box on the left hand side of the panel.

12. Press the [Generate and Display Points] button. 
13. The selected points should appear on the sample in both windows, as shown in Figure 5.
14. Press the [Save Measurement points] button, (top right), to save the measurement points to the project folder, with an optional name ‘name.measurement’. 
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Figure 5. The ‘Measurement Points’ panel.

4.1.5 Specify strain components

i) The strain components required at each measurement point are included through the specification of vectors attached to the points.

ii) As many strain components as there are detectors on the instrument may be specified for simultaneous measurement.

iii)  Additional information is available on this topic.
1. Press the [Specify Strain Components] tab to bring the 'Specify Strain Components' panel to the front.

2. Select the [Create new measurement vectors] option from the 'Initialise Measurement Vectors' menu.

3. Select the [All points] option from the 'Point:' menu and the option [1] from the 'Detector' and 'Alignment' menus.

4. Select the [Parallel to X axis] option from the 'Strain component' menu and press [Apply].  This will draw a measurement vector indicating that a (radial) strain component is required to be measured in detector 1 at each point.
5. ENGINX (for example) has two detectors, therefore steps 3 - 4 above may be repeated selecting option [2] from the 'Detector' menu and (for example) the [Parallel to Z axis] option from the 'Strain component' menu. Tick the ‘Reverse direction of vector’ option and press [Apply].  This will set up additional measurement vectors indicating that the axial strain component should be measured in detector 2. On completion of these steps the 'Specify Strain Components' panel should appear as in Figure 6.
6. Press the [Save Measurement Vectors] button, (top right), to save the strain components to the project folder, with an optional name ‘name.vecs’.
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Figure 6. The 'Specify Strain Components' panel.

4.1.6 Modify the Instrument

1. The modify instrument options allow alternative hardware items to be selected and the position of moveable hardware items to be adjusted.

2. Additional information on this topic is available.

1. Press the [Modify Instrument] tab to bring the ‘Modify Instrument’ panel to the front.

2. Select [Detector (North)] from the ‘Add or remove components of:’ menu

3. Select [Colimators_Type_2mm_North] from the ‘HARDWARE SELECTION FOR: Detector North;’ menu, the vitual model will change to reflect the new hardware selection.
4. Repeat steps 2 and 3 for the South Detector. The instrument should now appear as in Figure 7.
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Figure 7.  Modifying the instrument

4.1.7 Positioning the sample
i) In this ‘Experiment Planning’ tutorial the sample is positioned on the instrument so that the physical feasibility of the planned experiment can be checked.

ii) Additional information on this topic is available.
1. Press the [Position sample] tab to bring the ‘Position sample’ panel to the front.

2. Select the [Manually Position Sample for Simulation] option from the ‘Position Sample on Instrument’ menu.

3. Type [90.0] in the x text box of the ‘Rotate Sample about the X,Y,Z axis’ options boxes.

4. Press the [VIEW] button to view the new orientation.

5. Type [-400.0] in the z text box of the ‘Translate Sample along the X,Y,Z axis’ options boxes.

6. Press the [VIEW] button to view the new position.

7. Press the [ACCEPT] button confirm the transformation. The panel should resemble that shown in Figure 8.
8. Press the [Save Transformation] button, (top right), to save the transformation points to the project folder, with an optional name ‘demo.trans’.
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Figure 8. Sample positioning

4.1.8 Simulating a Scan
i) Now the sample is in positioned on the instrument the scan can be simulated.

ii) The virtual instrument panel includes buttons that bring up control panels for various moving hardware components. These are not described in this tutorial.

iii) Additional information is available on this topic.
1. Press the [Control Instrument] tab to bring the ‘Virtual Instrument’ panel to the front.
2. Press the [Jaws control] button to bring up the ‘Jaws Control’ panel.
3. Type [-200] in the ‘Incident jaws position (mm)’ text box
4. Type the required width and height in the ‘Horizontal jaws aperture (mm)’ and ‘Vertical jaws aperture (mm)’ text boxes, e.g. [4.0] and [4.0], and press [APPLY] to set the jaws to these values. 

5. Select the [plan(z)] option from the ‘View’ menu, (top left of window) to obtain a plan view of the mounted sample, or [Camera 1] to give a more general view.
6. Select the [Transparent] option from the ‘SAMPLE’ menu, (top right of window) to enable the measurement points to be seen.

7. Toggle the [Gauge volume/beam] option of the ‘SHOW/HIDE’ menu to swap between a representation of the full beam and the gauge volume, (it may be necessary to zoom in to see the gauge volume).

8. Press the [SIMULATE A SCAN] button to create the ‘Simulation Options’ panel.
9. Select the [Scan Current Measurements] option from the ‘Source of Scan’ menu.

10. Select the [Calculate Neutron Path Lengths] option from the ‘OPTIONS FOR ESTIMATING MEASUREMENT TIMES’ buttons.

11. Press the [RUN SIMULATION] button to simulate the scan.

12. Path lengths are displayed graphically. Selecting the [Camera 1] option in step 5 and zooming in (+- button), should result in a view similar to that shown in Figure 9.
13. Open the [Projects/HDF’s] menu in the top left corner of the panel, select [Save project/HDF] and save, (as an HDF file), under a suitable name, e.g. [demo], the pop-up information panel lists the elements of the project that have been saved.

14. The experiment plan has now been saved and the program can be closed. Select [exit] from the ‘Projects/HDF’s’ menu and reply [No] to the ‘Save Project’ pop-up query panel, (the project has already been saved).
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Figure 9. Scan Simulation.

End of Tutorial (i)
4.2 Tutorial (ii) - Experiment Execution

4.2.1 Determining the position of the Sample

i) This section shows the steps required to execute the previously generated measurement plan on the day of the experiment. 
ii) In the previous tutorial, trial sample positions were set up for simulation purposes. It is now necessary to determine the actual sample position, so that machine control scripts to accurately bring the sample to each measurement position can be generated automatically.  
iii) Additional information is available on this topic.



1. If necessary repeat the Logging on steps of tutorial i).
2. Select the [Import project/HDF] option from the ‘Projects/HDF’s’ menu in the top left corner of the panel and import the measurement plan saved at the end of the previous tutorial, e.g. [demo.hdf]. The sample including fiducial points, measurement points and selected hardware will be re-loaded.

3. Press the [Position Sample] tab to open the ‘Position Sample’ panel and select the [Read Measured Fiducial Point Positions from File] option from the ‘Position Sample on Instrument’ menu. Answer [yes] to the pop-up ‘Re-Position sample on positioner?’ if it appears.
4. Select the file [demo.fpos] which contains the position of the sample fiducial points as measured in the laboratory coordinate system (see .fpos) and the corresponding positioner variables. 

5. Accept the calculated sample transformation by pressing [Yes] on the popup panel that appears. 
6. The position of the sample on the virtual instrument now matches that on the real instrument and the scripts to instruct the positioner to measure the points can be generated.
7. Press the [SAVE] button and enter a name to save the new sample position with an suitable name e.g.‘pos1.trans’.
8. The ‘Position Sample’ panel should now look similar to Figure 10.
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Figure 10. Sample positioned using .fpos file containing measured fiducial point positions.
4.2.2 Generating machine control scripts
1. Press the [Control Instrument] tab.
2. Press the [Simulate a Scan] button to bring up the ‘Simulation Options’ panel.
3. Press the [RUN SIMULATION] button to run the virtual scan.
4. Press the [Write script/Data/Meta-Data files] button to create the ‘Script Output Options’ panel.
5. Enter a value in the ‘SPECIFY MICRO-AMP COUNT ‘TIMES’?’ text box, e.g. [10.0].
6. Enter a name in the ‘SPECIFY NAME FOR OUTPUT FILES’ text box, e.g. [run] and press the [WRITE SCRIPT AND ARCHIVE] button.
7. The machine control script file ‘run.txt’ and the meta-data file ‘run.hdf’ will be written to the project folder.
End of Tutorial (ii)
5 Supplementary Methods
This section contains details of options under each panel that were not covered by the tutorials.
5.1  Sample setup
Tutorial (i) showed how a (point cloud or polygon mesh) model may be imported from a .model file, Two other options are detailed below. 

5.1.1 Creating a model from primitives

Simple models may be generated from primitives, e.g. cuboids, spheres, tubes, etc.

1. Press the [Sample] tab to bring the ‘Sample’ panel to the front.

2. Select the [Create new model] option from the ‘Initialise Model’ menu.

3. Select the required primitive from the ‘Available models’ menu, e.g. [Cuboid].
4. Enter the required dimensions and press [Generate and display] to generate the model and display it in the window.
5.1.2 Loading an STL model file

Models may be imported as (ASCII) STL files.  The file is read in and converted to the SScanSS .model format.
1. Press the [Sample] tab to bring the ‘Sample’ panel to the front.

2. Select the [import existing model] option from the ‘Initialise Model’ menu.

3. Select the [.stl] option from the ‘Filter’ menu at the bottom of the directory listing panel.

4. Open the [demo_STL.stl] file and answer yes to the question; ‘This is an .stl file; read in and convert file, (may take some minutes)?  which appears in the popup panel.

5. Answer [Yes] to the ‘IS THE FILE ASCII ?’ question that appears, (binary stl files are not currently supported).

6. Answer [Yes] to the ‘VALIDATE THE MESH ?’ question that appears, (stl files contain repeated vertices which may be removed on conversion to the .model format).

7. A final panel stating that a converted. (i.e. .model) file has been written and giving the path appears, and the model is loaded.
5.1.3 Combining sample models

5.1.3.1 Combining separate sample models into a single model
Two or more separate point cloud models or polygon mesh models, (but not a mixture of the two) may be combined to form a single model.
1. Press the [Sample] tab to bring the ‘Sample’ panel to the front.

2. Select the [Import Existing model] option from the ‘Initialise Model’ menu and load the [demo.model].
3. Repeat the previous step but load the [demo_part_2.model], answer [Yes] to the question, ‘MODEL ALLREADY LOADED, COMBINE (Yes) or replace (no)?’
4. Answer [no] to the question ‘HOW TO COMBINE: keep distinct (yes) or merge (no)?’ This will merge the two parts into a single model.  The new model part is an approximation to an internal weld as may be seen by making the sample transparent.

5.1.3.2  Working with multi-part sample models

Up to three separate point cloud models and/or polygon mesh models may be loaded and kept as distinct entities.

1. Repeat steps 1 to 4 above 

2. Answer [yes] to the question ‘HOW TO COMBINE: keep distinct (yes) or merge(no)?’ This will keep both sample model parts as separate entities (different colours).  The new model part is an approximation to an internal weld and may be seen by making the sample transparent.
3. A warning is issued to the effect that only the first part of a multi-part model is recognised in path length calculations.
5.1.4 Modifying the sample model coordinate system

It may be convenient to change the coordinate system of a sample model, (for example if it will simplify the specification of measurement point positons). The ‘Modify Coord. System’ menu of the ‘Sample’ panel contains four options for doing this.

It should be noted that if fiducial and or measurement points are associated with a sample model they should be; 
i) loaded before the sample coordinate system is transformed, so that the same transformation may be applied to these points,

ii) transformed models and points must be saved after the transformations are completed.
5.1.4.1 Manual translation

1. Press the [Sample] tab to bring the ‘Sample’ panel to the front.

2. Select the [Import Existing model] option from the ‘Initialise Model’ menu and load the [demo.model].
3. Select the [Translate (manual)] option from the ‘Modify Coord. System’ menu.

4. Enter the desired displacements, ‘delta x’,’delta y’ and ‘delta z’ and press [APPLY] to move the sample accordingly.
5.1.4.2 Automatic translation
1. Press the [Sample] tab to bring the ‘Sample’ panel to the front.
2. Select the [Import Existing model] option from the ‘Initialise Model’ menu and load the [demo.model].
3. Select the [Translate (Automatic)] option from the ‘Modify Coord. System’ menu.

4. Select the required options, e.g. [mid x], [min y], [mid z] and press [APPLY] to reposition sample.

. 
5.1.4.3 Manual rotation
1. Press the [Sample] tab to bring the ‘Sample’ panel to the front.

2. Select the [Import Existing model] option from the ‘Initialise Model’ menu and load the [demo.model].
3. Select the [Rotate (manual)] option from the ‘Modify Coord. System’ menu.

4. Enter the required values in degrees, e.g. [90.0] in the ‘x.’ text box and press [APPLY] to rotate the sample. 
5.1.4.4 Automatic rotation
1. Press the [Sample] Tab to bring the ‘Sample’ panel to the front.

2. Select the [Import Existing model] option from the ‘Initialise Model’ menu and load the [demo.model].
3. Select the [Rotate (automatic)] option from the ‘Modify Coord. System’ menu.

4. Press the [Pick] option button (bottom right of the window), move the cursor to the required point over the sample and left click to mark the point with a blue cross.

5. Press the [Accept point] button to the left of the window to accept this point.

6. Repeat the above steps to select a total of three points which will define a plane.
7. Select the required plane, e.g. [xy plane] to which the points are to be brought and press [APPLY].

5.1.4.5 Use Transformation Matrix
1. Press the [Sample] Tab to bring the ‘Sample’ panel to the front.

2. Select the [Import Existing model] option from the ‘Initialise Model’ menu and load the [demo.model].
3. Select the [Use Transformation Matrix] option from the ‘Modify Coord. System’ menu.

4. Load the required transformation matrix (.trans) file, e.g. [demo.trans].
5.1.5 Generating 3D sample models from 2D cross section

Three dimensional sample models may be generated from two dimensional cross sections using either extrusion or rotation.  These options are provided under the ‘Extrude/Rotate 2D model’ menu of the ‘Sample’ panel. 
5.1.5.1 Extrusion

1. Press the [Sample] tab to bring the ‘Sample’ panel to the front.

2. Select the [Import Existing model] option from the ‘Initialise Model’ menu and load the [demo_X_section.model].  Select the [wire frame] option from the ‘SAMPLE’ menu .
3. Select the [Extrude] option from the ‘Extrude/Rotate 2D Model’ menu.

4. Enter the required extrusion length, e.g. [100] in the ‘Extrusion Length’ box and select the required extrusion direction vector, (generally perpendicular to the plane of the cross section), e.g. [y] and press [APPLY] to extrude the sample.

5.1.5.2 Rotation

1. Press the [Sample] tab to bring the ‘Sample’ panel to the front.

2. Select the [Import Existing model] option from the ‘Initialise Model’ menu and load the [demo_X_section.model], select the [wire frame] option from the ‘SAMPLE’ menu.
3. Select the [Rotate] option from the ‘Extrude/Rotate 2D Model’ menu.

4. Enter the required angle of rotation (degrees), e.g. [360] in the ‘Rotation Angle (deg)’ text box. Select the [x] option from the ‘Rotate about Axis’ options and press [APPLY] to generate the rotation figure.
5.1.6 Validating and Decimating meshed sample models

i) These options are only applicable to meshed models.
ii) Mesh Validation removes redundant points and polygons from the mesh,  for example (redundant points will usually exist in imported .stl files). If the mesh is not triangular the validation operation will triangulate the mesh. Validating a mesh will not alter its geometry.    
iii) Mesh decimation is very useful for reducing the size of the large meshes that often result from LASER scanning samples.  Reducing the size of a mesh will improve the rendering speed required for all the software graphics, but will have a particularly beneficial impact on the speed of path length and collision detections calculations.  The mesh decimation operation removes triangles while minimising the impact on the geometry of the sample model.  

5.1.6.1 Validation
1. Press the [Sample] tab to bring the ‘Sample’ panel to the front and load the demo.model sample as before.

2.  Select [Validate Mesh] from the ‘Modify Model Mesh’ menu. 
3. Press the [Validate] button to validate the mesh. The resulting information panel informs that the total number of points has been reduced but that the number of polygons has increased, this increase is due to the fact that the mesh was not previously triangular, but has now been triangulated.
5.1.6.2 Decimation
1. Press the [Sample] tab to bring the ‘Sample’ panel to the front and load the demo.model sample as before.

2. Select [Decimate Mesh] from the ‘Modify Model Mesh’ menu. 

3. Set the ‘PERCENTAGE’ option of the ‘DECIMATE THE MESH’ panel to (for example) [50%]. This is the percentage of triangles we wish to remove from the mesh. 
4. Set the rendering option to [Wire Frame] in the ‘SAMPLE:’ menu (this makes it easier to see the effect of the decimation) and press the [Decimate] button. The resulting information panel informs that the total number of points has been reduced but that the number of polygons has initially increased. This increase is due to the fact that there is an implicit validation step (see above) in the decimation process which has involved triangulating the mesh.
5. Press the [DECIMATE] button repeatedly to decimate the mesh.
6. It is important not to overly compromise the accuracy of the sample model during this process.  One means of monitoring the effect of the decimation on the model geometry is to load the sample twice at the beginning of the operation, using the option to keep the two models distinct, i.e. not to merge them into one model, (see section 5.1.3.2).  The decimation will only be applied to the first model loaded, and so changes to the geometry resulting from the repeated decimation will gradually become apparent as the geometry of one of the models changes, (it is better to set the sample render option to solid to see this effect). The geometry of two models (decimated and original) may also be compared  using the cross section options within the ‘Specify Measurement Points’ panel, (see section 4.1.4).
5.2 Fiducial point setup
Tutorial (i) showed how to import fiducial points from a .fiducial point file.  Two additional options are provided under the ‘Initialise Fiducial Points’ menu, these are;
5.2.1 Type coordinates of each fiducial point
1. Press the [Fiducial Points] tab to bring the ‘Fiducial Points’ panel to the front.

2. Select the [Write x,y,z of Fiducial Points] options of the ‘Initialise Fiducial Points’ menu.

3. Enter the x,y,z coordinates of the first fiducial point e.g. [20.8], [70.5]       and [9.4] in the text boxes.

4. Press the [Draw] button to show the point (a blue cross) and press the [Accept] button to accept the point.
5. Repeat until a minimum of three fiducial points have been generated.

5.2.2 Pick points user the cursor

Using this option, features of the sample model may be selected as fiducial points using the cursor.
1. Press the [Fiducial Points] tab to bring the ‘Fiducial Points’ panel to the front.
2. Select the [Pick points using Cursor] option from the ‘Initialise Fiducial Points’ menu. 
3. Press the [Pick] button (lower right of window) and position the cursor over the required point on the sample graphic. Left click to place a green marker at the selected point.

4. Press the [Accept] button, (left of the window), to accept this point. 
5.3  Measurement point setup
Tutorial (i) showed how to generate measurement points using one of the SScanSS graphics options. Two additional methods are provided.
5.3.1 Import measurement points from a file

1) Press the [Specify Measurements Points] tab to bring the ‘Measurement Points’ panel to the front.

2) Select the [Import measurement points] option from the ‘Initialise Measurement Points’ menu.

3) Load the required .measurement file, e.g. [demo.measurement].
5.3.2 Specify the x,y,z coordinates of each measurement point
1. Press the [Specify Measurements Points] tab to bring the ‘Measurement Points’ panel to the front.

2. Select the [Write Coords. of Measurement Points] options of the ‘Initialse Measurement Points' menu.

3. Select the [Transparent] option from the Sample menu so that the measurement points can be seen.

4. Enter the x,y,z coordinates of the first measurement point e.g. [0.0],[-70.0] and [-20.0] in the text boxes.

5. Press the [View] button to show the point (a green cross) and press the [Accept] button to accept the point.

6. Repeat for each measurement point.

5.4  Specification of strain components

5.4.1 Import strain components points from a file

1) Press the [Specify Strain Components] tab to bring the ‘Specify Strain Components’ panel to the front.

2) Select the [Import measurement vectors] option from the ‘Initialise Measurement Vectors’ menu.

3) Load the required .vecs file, e.g. [demo.vecs].
5.4.2 Setting up multiple alignments
It may be advantageous to measure more than one component at a measurement point before moving on to the next measurement point.  For example using the ENGINX goniometer it is possible set up multiple alignments such that all three strain components are measured at each point before moving on to the next point.  This option is only suitable for positioning systems with sufficient degrees of freedom.
1. Load the ENIGINX goniometer hardware by pressing the [Modify Instrument] tab and selecting  [Positioning system] from the ‘Add or remove hardware components of:’ menu.  Select [Goniometer] from the ‘HARDWARE SELECTION FOR’ buttons.

2. Load the sample and measurement points as before.

3. Repeat steps 1 to 5 in tutorial 1 for setting up strain components, (or import equivalent strain components).
4. Select the [Create new measurement vectors] from the ‘Initialise Measurement Vectors’ menu.

5. Select [2] from the ‘Alignment’ menu.
6. Set strain components [Parallel to Z axis] for detector 1 and [Parallel to X axis] for detector 2.
7. Run the simulation. The positioner will alternate between the strain components set for ‘Alignment 1’ and ‘Alignment 2’ for each measurement point.  

5.5 Sample positioning

Tutorial (i) and Tutorial (ii) showed how to position the sample model in the virtual lab using the ‘Manually Position Sample for Simulation’ and ‘Read Measured Fiducial Point Positions from File’ methods respectively. Other methods are available from the ‘Position Sample on Instrument’ menu;
5.5.1 Import Existing Transformation
In SScanSS a transformation is defined by a 4X4 matrix contained in a .trans file. 
1. Press the [Position Sample] tab to bring the ‘Position Sample’ panel to the front.
2. Select the [Import existing transformation] option of the ‘Position Sample on Instrument’ menu. 

3. Load the required .trans file from the list, e.g. [demo.trans].

5.6 Control Instrument

Tutorial (ii) and Tutorial (ii) demonstrated the main elements of this panel; additional options not covered include;

5.6.1 Collision prevention

Selecting this option from the ‘Virtual Instrument’ panel option provides a warning of possible collisions between elements of the, (virtual), instrument hardware and or the sample. A number of factors should be born in mind when using this option; i) The option can be very expensive for complex sample models, ii) All elements of the hardware/sample environment need to be accurately modelled, (including all holding jigs etc.) if the collision detection is to be reliable.
Note: This option is currently included in Beta test mode. 
1. Press the [Virtual Instrument] tab to bring the ‘Virtual Instrument’ panel to the front.

2. Select the [Collision Check] option.
5.6.2 Hardware limits

The hardware descriptions used to construct the virtual instrument contain details of the permitted range of movement of each item. Selecting this option on the ‘Virtual Instrument’ panel causes a warning to be generated if a movement outside of the limit is attempted during a simulation. Selecting this option helps ensure that all the measurement points will be accessible to the real instrument.
1. Press the [Virtual Instrument] tab to bring the ‘Virtual Instrument’ panel to the front.

2. Select the [Hardware limits check] option.
5.6.3 Running simulations from scan files
This option allows past scan experiments to be run from the .txt scan files that are generated for instrument control. Press the [Control Instrument] tab to bring the ‘Control Instrument’ panel to the front.

1. Press the [Simulate a Scan] button on the ‘Control Instrument’ panel to create the ‘Simulations Options’ panel.

2.  Select the ‘Import Script’ option from the ‘Source of Scan’ menu.
3. Select a script file (.txt) from the list that appears, e.g. [run.txt]. 

4. Press the [RUN SIMULATION] button to re-run this script. 
5.6.4 Estimating Count Times
This option uses the calculated distance travelled by the neutrons, through the sample material en-route to each detector (the path lengths) to estimate the count time. The option is only available for use with Polygon Mesh Models since it requires the surface of the sample model to be defined. 
Press the [Virtual Instrument] tab to bring the ‘Virtual Instrument’ panel to the front.

1. Import sample, measurement points and strain components as previously.

2. Press the [SIMULATE A SCAN] button to create the ‘Simulation Options’ panel.

3. Select the [Scan Current Measurements] option from the ‘Source of Scan’ menu.

4. Select the [Estimate Measurement times] option from the ‘OPTIONS FOR ESTIMATING MEASUREMENT TIMES’ buttons.

5. Type [49.0], [25.0] and [30.0] in the ‘Vol.’, ‘Path Length’ and ‘micro amps’ boxes in the ‘SCALING MEASUREMENT’ options, (SScanSS estimates count times by calculating path length and attenuation and then scaling against previous measurements to take account of other currently un-modelled characteristics such as noise, (a table of scaling measurements is provided.)

6. Enter the material dependent attenuation coefficient, (e.g. [0.11]) in the ‘ATTENUATION COEFF’ sub-panel text box, (a table of attenuation coefficients  is provided.)
7. Press the [RUN SCAN SIMULATION] to simulate the scan.

8. Select [Yes] from the ‘PLOT VALUES AGAINST ……..’ question panel that appears.

9. Time estimates are displayed graphically.
10. The count time estimation involves integration over the filled Gauge volumes, these gauge volumes may be displayed by toggling the [filled gauge volumes] option of the ‘HIDE/SHOW’ menu in the top right corner of the Instrument control panel window.  After zooming in the view should be similar to that shown in Figure_12.
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Figure 12. Filled gauge volumes and estimated count times. 
6 Special Topics

6.1 Path length calculations
Path length calculation works by determining where the beam intersects the surface(s) of the sample model.  For example, if the incident beam, up the gauge volume, intersects the sample model surface an odd number of times then the gauge volume is within the sample and if it intersects an even number of times then it is not.  
In order for this approach to work it is necessary that:
i) The sample model is complete, at least along the beam entry and exit paths.

ii) There should be no internal surfaces in the mesh, i.e. mesh polygons with sample material on both sides of the polygon, (proper internal cavities are accounted for).  Such internal surfaces often occur in imported CAD sample models. 
6.2 Collision detection

The collision prevention provided by SScanSS should be considered as working on a number of levels, i.e. Opportunities for collision are minimised by: 

i) Providing training on the virtual instrument

ii) Providing comprehensive planning and simulation options   

iii) Visual inspection of simulation prior to motor movements

iv) + last resort – Numerical Collision detection………
Numerical collision detection is also provided to predict collision between the virtual representations of the various hardware elements.  The list of objects which are checked for potential collision at each timestep varies from instrument to instrument. It should be noted that the effectiveness of numerical collision prediction is dependant on the accuracy and completeness of the virtual models. 

Collision prevention is currently only enabled for meshed models. 

6.3 Performance

The performance of the software will vary greatly from machine to machine depending processor speed, memory and the power of the graphics card.

On any particular machine the single largest factor effecting performance is the size of the sample model.  This will affect the speed of the graphics rendering and, in particular, the speed of path length and collision detection calculations.  
The huge sample models that typically result from LASER scanning must be reduced to provide a workable model.  The reduction should be performed using the scanner (or other) software. The mesh reduction options within SScanSS provide a basic means of reducing the mesh size with the advantage that the effect of the decimation on the sample geometry can be monitored.

Performance may be maximised by:

i) Reducing the sample size as far as possible.
ii) Selecting the [Instant positioner movements] option from the ‘Simulation Options’ panel.  This stops the software showing intermediate steps along  the trajectory of a piece of hardware.  

7 Tips
7.1 Windows 7 automatic resizing
SScanSS panels can only be re-sized when the software is first started and attempts to resize after this cause a warning message to appear.  If Windows 7 automatic re-sizing is turned on this can be very annoying as the warning message will appear every time Windows tries to re-size your SScanSS windows.  To prevent thi,s by disabling the windows 7 automatic windows resizing and docking feature, please follow the steps below.

1. Click Start, type Ease, then click Ease of Access Center.s
2. Scroll down a bit and click Make the mouse easier to use.
3. Scroll down to and enable the last checkbox in that window: Prevent windows from being automatically arranged when moved to the edge of the screen.
4. Click OK and you're done!

Now your windows won't dock or resize when you drag them to the various hotspots.

8 File Formats
8.1 Sample model files (.model)

A sample model file is a text file of the form;
n m
x1 y1 z1
x2 y2 z2
:

xn yn zn

p1 v11 v12 v13 v14 
p2 v21 v22 v23 v24 
p3 v31 v32 v33 v34

:
The file is in three sections;
i) The Header.  ‘n’ is the number of vertices in the model and ‘m’ is the number of integers in the connectivity definition.
ii) The vertex list. The xi yi zi are the coordinates of the ith model vertex, (point). 

iii) The surface definition.   The pi vi1 vi2 vi3 vi4 are integers defining the ith surface polygon. pi is the number of vertices in the polygon (e.g. three for a triangle) and vi1 vi2 vi3… are the indices of the vertices used by the ith polygon, i.e. the position of each vertex in the vertex list.
Example:

The following sample model file describes a unit cube centred on the origin whose surface is defined by six four sided polygons.
           8          30

     -0.50000000     -0.50000000     -0.50000000

      0.50000000     -0.50000000     -0.50000000

      0.50000000      0.50000000     -0.50000000

     -0.50000000      0.50000000     -0.50000000

      0.50000000     -0.50000000      0.50000000

      0.50000000      0.50000000      0.50000000

     -0.50000000      0.50000000      0.50000000

     -0.50000000     -0.50000000      0.50000000

       4       0       1       2       3

       4       1       4       5       2

       4       4       7       6       5

       4       7       0       3       6

       4       0       7       4       1

       4       6       3       2       5

8.2 Fiducial point files (.fiducial)

The fiducial point file is a simple space delimited text file of the form;

x1 y1 z1

x2 y2 z2

Where the ‘xi yi zi’  are the coordinates of the ith fiducial point in the sample coordinate system.
8.3 Measurement point files (.measurement)

The measurement point file is a simple space delimited text file of the form;

x1 y1 z1

x2 y2 z2

Where the ‘xi yi zi’  are the coordinates of the ith measurement point in the sample coordinate system. 
8.4 Stereo Lithographic model file (.stl)

An ASCII ‘.stl’ file containing a Polygon Mesh model in the format shown below may be imported into SScanSS, where it is converted into the SScanSS .model format.
The stl format is defined in ASCII and binary forms, the ASCII format takes the form; 

solid

   :

   :

   facet normal 0.0 0.0 1.0 

   outer loop 

      vertex  1.0  1.0  0.0 

      vertex -1.0  1.0  0.0 

      vertex  0.0 -1.0  0.0 

   endloop

   endfacet

   :

   :

endsolid

Where the first line is a description line that must start with the word ‘solid’ in lower case, it then normally contains the file name, author, date etc. The last line should be the keyword ‘endsolid’. The lines between the above contain descriptions of 3 vertex facets including their normals, the ordering of the vertices should comply with the right hand rule. 

8.5 Transformation matrix (.trans)

The Transformation file is a simple space delimited text file containing a 4X4 matrix. The matrix can define any transformation consisting of translation and rotation, and is used within SScanSS to perform solid body transformations. Details of the approach may be found within the IDL manual.
8.6 Fiducial point positions file (.fpos)

The Fiducial point positions file is a simple space delimited text file of the form;

Fi  xi yi zi  P1i P2i P3i P4i…….. PNi
Fj  xj yj zj  P1j P2j P3j P4j…….. PNj

:

Fk  xk yk zk  P1k P2k P3k P4k…….. PNk

Where ‘Fi’ is the number of fiducial point, ‘xi yi zi’ are the coordinates of that fiducial point in the lab coordinate system and ‘P1i P2i P3i  Pi4i  are the positioning system variables at the time the fiducial point position was measured
The example below is for the measurement of 5 fiducial points in the order (3,1,5,2,4) on an x, y, z, omega positioning system, with a rotation in omega of 90 degrees between the measurements of the 5th and 2nd fiducial point.

3   -72.2471016      -9.3954792      -0.1111806  270.0 -200.0 600.0 90.0 
1    20.8212362      -9.3734531      70.5337096  270.0 -200.0 600.0 90.0 
5    26.9184367      -9.1761998     -68.1036148   270.0 -200.0 600.0 90.0

2   -56.8372955      -9.5676188      46.7159424  270.0 -200.0 600.0 0.0 

4   -49.1049504      -9.3734125     -54.1452751  270.0 -200.0 600.0 0.0 

8.7 Measurement vector or Strain component file (.vecs)
The strain component or measurement vector file is a simple space delimited text file of the form;

x11 y11 z11…….. x1N y1N z1N  
x21 y21 z21… .… x2N y2N z2N

:

xM1 yM1 zM1… .… xMN yMN zMN

Where ‘M’ is the number of measurement points and ‘N’ is the number of detectors.

Example:

This .vecs file will setup strain component measurement vectors aligned in the +X and –Z directions for a two detector instrument at 4 measurement points.
1.0000000       0.0000000       0.0000000      -0.0000000      -0.0000000      -1.0000000

1.0000000       0.0000000       0.0000000      -0.0000000      -0.0000000      -1.0000000

1.0000000       0.0000000       0.0000000      -0.0000000      -0.0000000      -1.0000000

1.0000000       0.0000000       0.0000000      -0.0000000      -0.0000000      -1.0000000

9 Glossary
9.1 Fiducial Points
Fiducial points are points on the sample that are used to determine the position of the sample within the instrument.  The coordinates of the fiducial points, (in the same coordinate system as the sample model), are required.  The type of fiducial points used will depend on the sample and the sample mode. For example if a sample model is to be generated by LASER scanning, stainless steel spheres, (ball bearings), should be cemented to sample prior to scanning. The centres of these can be determined by the scanning software and sighted on using theodolites.

A minimum of three fiducial points are required and it must be ensured that they can be seen by both theodolites when the sample is in position on the table. For this reason it is generally better to set up 5,-7, points.
9.2 HDF files

The Hierarchical Data Format, or HDF, is a multi-object file format for sharing scientific data in a distributed environment. HDF was created at the National Centre for Supercomputing Applications to serve the needs of diverse groups of scientists working on projects in various fields. HDF was designed to address many requirements for storing scientific data, including: 

· Support for the types of data and metadata commonly used by scientists. 

· Efficient storage of and access to large data sets. 

· Platform independence. 

· Extensibility for future enhancements and compatibility with other standard formats. 

HDF files are used within SScanSS to store projects, which can be saved to or loaded from HDF files using the Projects/HDF’s option described in Tutorial i).  Specific SScanSS project files are used to store meta-data and processed data together.
9.3 Meta-data

Meta-data consists of useful additional information over and above the actual data.  In SScanSS meta-data is includes information about the sample model, the material, fiducial and measurement points, the position of the sample on the instrument, particular hardware choices and in the general measurement environment.  In SScanSS meta-data may be saved to or loaded from HDF files.

9.4 Point cloud model
A point cloud is the simplest of all models, it consists of a list containing the (x,y,z) coordinates of points on the surface of the sample, as shown in Figure 1.
Example: The simplest point cloud model of a unit rectangle would be;

(0,0,0), (1,0,0), (1,1,0), (0,1,0).
9.5 Polygon mesh model
One difficulty with a point cloud model is that although the shape of the sample may be apparent, (if the point cloud is dense enough), there is no actual surface defined. This makes certain operations such as path length calculations or collision detection difficult or impossible.  For this reason Polygon mesh models are to be preferred.  A polygon mesh model contains (x,y,z) points as in the point cloud model but in addition it contains the information of how these points are connected to form a surface. 
Example: The points of the unit rectangle given above would be augmented with the connectivity information which takes the form a list of polygons ie. if the points are numbered (0,1,2,3) the surface could be specified by a single 4 point polygon (4,0,1,2,3) or equivalently by two triangles (3,0,1,2,3,0,2,3), in each case the first number of each polygon specification consists of the number of points (vertices) in the polygon followed by the index of the points.
9.6 Project folder
Each separate project, (e.g. each sample), is contained in a separate folder within the SScanSS directory. This folder is called the ‘Project_folder’, and within it are the three subfolders; i) gsas_files, (if gsas is installed), ii) in_out_files,(), and iii) SSCANSS,  (containing all the files relating to the SScanSS simulation, e.g. models, points, etc.)
9.7 SScanSS directory
SScanSS uses the directory structure; C:\SScanSS_directory\Project_folder
where the ‘SScanSS_directory’ contains all the users SScanSS projects.

10 Tables
10.1  Scale measurement table

	Material
	Gauge Volume (mm3)
	Path length (mm)
	Micro-amps

	Stainless Steel
	49 
	25
	30

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


10.2 Attenuation coefficients

	Material
	Attenuation Coefficient

	Stainless Steel
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