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	Diada - is software to acquire, visualization, digital processing and analysis of 16 bits per pixel half-tone images and its sequences.
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First Steps
Install Program

1. Switch off computer.

2. Insert in USB slot of computer the Hardlock key.

3. Switch on computer.

4. Run program hldrv32.exe from the hardlock driver disk. The newest version of the driver one can take from www.aladdin.com.

5. Run Setup.exe

6. Select English or Russian language for the installation and program-interface.

7. After installation is finished run program by:

Double click left mouse button on the desktop icon Diada,
or select menu Start -> Program -> Diada

Uninstall Program

To uninstall the program:

1. In the Task bar - Start - Settings - Control panel.

2. In the item "Install and uninstall software" select "Diada" and "Delete".

Run Program

To run program you can:

Double click the left mouse button on the desktop icon [image: image2.png]


,
or in the Task bar press Start - Programs - Diada - Diada.
Get Images

Read Files

The command Open from File menu or click the button [image: image3.png]


displays menu for loading of the existing image (sequence) from a file.
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Click the button Preview for displaying of the image and information about its width, height and number bit on pixel.

The program supports the following pictorial formats of files:
	   AIM format (*.AIM)

   AVI-format (*.AVI)

   B16-format (*.B16)

   BIN-format (*.BIN)

   Bitmap Windows (*.BMP)

   DICOM-format (*.DCM)

   IRTIS-format (*.DTV)

   Flexible image transport System format (*.FIT)

   AutoDesk-format (*.FLC)

   AutoDesk-format (*.FLI)

   CompuServe GIF (*.GIF)


	   Perkin-Elmer format (*.HIS)

   JPEG-format (*.JPG)

   PC Paintbrush (*.PCX)

   Portable Network Graphics (*.PNG)

   Raw Binary Array (*.RAW)

   Frame sequence (*.SET)

   TIFF-format (*.TIF)

   Text Table (*.TXT)

   XRD-format (*.XRD)

   XRI-format (*.XRI)

   Duerr-NDT format (*.XYZ).




Notice that the program automatically converts the color images to the halftone ones, keeping the number of bits per pixel, if this number is not above 16.
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	If the selected file with an unknown, then the program tests its type by its file-header. If there was no a suitable format, then the additional dialog will appear, in which you can specify a type of a loaded file.


After loading a file in the same folder it is searching a WMF-file with the same name as file has. If this file exists - it is loaded and the corresponding picture is shown on image.

Read binary files
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	For RAW-files there is a dialogue for input of the additional information about the size of the images, type of pixel values and quantities of bytes which are not containing to the useful information.

Check the button Find minimal and maximal values if you want expand image pixels to range 0-65535.

Check the button MAC-data format (byte inversion) to read data with inverse order of bytes which is usual for Macintosh-computers.

Calculated file size is defined by all dialog's values and can be compared with true file size shown in dialog's title.
<?> buttons can help to calculate corresponding parameter on base of true file size and other parameters.
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	If one press button Subregion... there would be a dialog to define subregion in RAW-file. After press OK one return back to the original dialog with the correctly defined skip-values.
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	If one press the button Compress... there would be a dialog to set sizes of a frame sequence compressed from RAW-file data. All skipped bytes are not used in compression. The compression is produced by averaging old pixel values.

This option is helpful if there is no enough memory to load a big RAW-file.


Collect Files to Sequence

The command sequence File, Operation, Collect Frames... or click button [image: image9.png]


shows a dialog to create a frame sequence directly from separated files of frames.
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Select frames one by one by left mouse button click. To delete frames you have to mark those frames and press button Remove frames.
After pressing button Create movie... in the current folder is created SET-file contained all selected frames, and a new created frame sequence is loading to a new window.

It is impossible to create such file on media, for example CD, which has read-only attribute.
Load Floating Point Data from Separate Files

The command sequence File, Operation, Collect Data... or click button [image: image11.png]


shows a dialog to create a frame sequence directly from separated files with the floating point data.
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	1. Press button Get from... to select one of the data files. Program automatically extracts the base filename from it. Please, don't use "." symbol in file names. Use it only before filename extension.

2. Insert the width and height of the data files.

3. Define a start number of data file, increment (can be negative) and a total number of data files to load.

4. Press OK.


Work with folders of XRD-files
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To view, select and load folders of XRD-files one can use a dialog, produce by menu commands: File, Operations, Folders of XRD-files... or by button [image: image14.png]


.

1. At first select a directory, which keep folders of XRD-files by button <...>.

2. Four scrolling buttons navigate through the folders of XRD-files. Fifth button show a list of the folders. An image from the selected folder is shown in the bottom of dialog.

3. Date and time of the selected folder is shown by red color.
4. Check-buttons Left (left and Finnish line detectors) and add (down betatron) define which XRD-files would be loaded.
5. Button Load loads XRD-files from selected folder to Diada.

6. Button Delete removes the selected folder.

7. The system menu of the dialog has item Setup, which show a dialog to define an image preprocessing options.
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	1. It defines start Material's Recognition 2 dialog automatically.

2. Is it needs to work with CargoDoc software to see some additional information about XRD-files.

3. Close or not all opened images before loading new ones.


Work with Video-Camera

The program can works with live video from TV-capture card.

Command Video-camera from File menu of click the button [image: image16.png]


shows or hides a Video-window with the "live" image from a video camera. If on your computer more than one video-capture devices are registered, they are shown as first items of Video-window system menu:

AverMedia

Properties...

Format...

Select Channel...

Full screen

Frame Recording...

AVI-file Recording...

Setup video-signal

Show a dialog to setup video-standard and video-signal properties for the selected video-capture driver.
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	Videodecoder page selects the video-standard.
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	Video-processor page sets a brightness, contrast, saturation and hue.


Format
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	This system menu command shows a dialog Video Format to set format of video-frame.


Select Channel
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	This system menu command shows a dialog to select the input channel of video-signal.


Full screen

This system menu command toggles full-screen mode. To return back press key Esc.

Frame Recording
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	This system menu command show a dialog Frame Recording... to select parameters of frame acquisition.

1. Select one of the 4 modes of recording.

2. For the first two modes it is acquired one frame only, but for the other two in ranges from 1 to 256. In case of a to a New Window with averaging acquired frames are averaged into one with reduced noise level.

3. Press button Start.


AVI-file Recording
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	AVI-file Recording... - show a dialog to select parameters for AVI-file recording.

1. Frames per seconds sets through a system menu item Format.

2. Zero time means that a recording would be continued, until button Stop or there would be no place on a hard disk.

3. Definition of AVI-file size can accelerate AVI-file recording for a low-speed hard drives.


Work with Digital devices
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Before a work with the CCD-device it is necessary to select a type of the device by commands of the menu: File, CCD-Device, Select device.... The dialog to select the device will appear.
1. Use this menu to select one from the supported digital cameras: tsnkDET, tsnkCAM, SensiCam(PCO), PaxScan4030, PaxScan2520, PaxScan2520V, Hahamatsu, PerkinElmer, DRTECH, VaTech or photo-camera Canon.
2. Check the button Prompt to Exposure Time to get prompt of the exposure timeв and the number of digital accumulation cycles after frame acquisition. See also Select Parameters for Image Acquisition.

3. Check the button Auto switch X-ray radiation ON/OFF to operate by X-ray unit during image acquisition.
Live Video Acquisition
For the current digital device one can get live video in separate window if execute commands File, CCD-device, Live Video or click the button [image: image23.png]


.
tsnkCAM - camera

1. To setup tsnkCAM execute commands File, CCD-device, Setup... or click the button [image: image24.png]


.
2. The following dialog to setup of camera parameters will appear. Those parameters can be selected only once before a several image acquisitions.
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	3. Select the number of Digital accumulation frames.

4. Define the Exposure Time (separately for single acquire and Live video).
5. If there is a Automatic exposure adaptation mode, then the Exposure Time is defined automatically by camera.
6. Set Gain to maximize the brightness range of the acquired images. (This parameter is specific for each camera in multi-camera systems.)

7. Check the button Live video for continuous acquire images to one window. This mode is helpful during setup camera.

8. To accelerate frame rate (specially in live video mode) one can set binning equals 2 or 4.

9. To set parameters quickly one can use buttons Save parameters... and Load parameters...
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	10. Define the Delay before acquire.

11. Set Black level to shift the brightness range of the acquired images. (This parameter is specific for each camera in multi-camera systems.)
12. Check the button Mirror horizontally and Mirror vertically, and a rotation angle of acquired image to produce convenient image orientation.
13. Check button Cut region to crop a region from acquired image.

14. Press button Get from window to get sizes of cutted region from the active window.
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	15. Select one of the image-processing operations from a list Post image processing. For Post-Scanner there must be selected the corresponding operation.

16. Check button Calibration by black image to acquire or/and load black calibration image.

17. Check button Calibration by white image to acquire or/and load white calibration image.

18. Check button Optic distortion correction to acquire or/and load optic correction file. This button must be checked for the multi-camera systems and selected the corresponding optic correction file.

19. By Binning buttons one can compress the acquired image.
20. Define Use TCP/IP protocol to connection with camera.
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	21. Set the number of cameras.

22. Select the active camera. The following image acquisition would be done by this camera only.

The automatic image acquisition from several cameras is possible only during Parallel scanning for the System to Scan Lengthy Objects with Frame Sewing.

For multi-tsnkCAM systems the button Matrix must be checked. In this case it is not important which camera is selected as active. In this case Lider camera is important. The lider camera receives an acquisition command from computer and resends it to all other cameras.

23. Set the network IP-address of camera. For multi-camera systems it is IP-address of first one. Press button Apply to set communication with camera and receive from it a camera's version and temperatures.


24. Press Apply to send parameters from all pages of this dialog to the corresponding cameras.
To capture a frame by the tsnkCAM execute commands: File, CCD-device, Acquire or click the button [image: image29.png]


.
Linear detector TSNK

[image: image388.png]


1. To acquire a frame from linear TSNK-detector execute commands File, CCD-device, Acquire or click the button [image: image30.png]


.

2. In the following dialog select Lines of image.

3. Digital averaging - number of frames to average.

4. The parameters selected by grey color: Integration Time, Acquire Period, Gain, External synchronization - can only be defined in file scanner.ini, placed in folder boot on ftp-server of TSNK-detector.

5. Button Reset resets detector.

6. Button Without X-ray. - makes black calibration (without X-ray radiation).

7. Button With X-ray - makes white calibration (with X-ray radiation).

8. The calibration results are recorded to binary BW-file, which can be selected in corresponding combo-box.

9. To apply the calibration immediately after data acquisition one must check button Calibration.

10. Start and final detector of the reference channel are defined in last line of dialog.

11. To apply reference channel calibration check button Rereference Channel.

12. To acquire frame press button Acquire.

13. Green color of indicator in the left bottom corner of dialog means that there is connection with detector. Otherwise, the color would be red. (The network address of detector one can define in setup-dialog of tsnkCAM. By default it is 192.168.0.30)

SensiCam-camera
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	To setup SensiCam-camera execute commands File, CCD-device, Setup... or click the button [image: image32.png]


.
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	After close this dialog the following dialogs to setup of camera parameters will appear.
For capture of the frame or the sequences of the frames by the SensiCam-camera execute commands: File, CCD-device, Acquire or click the button [image: image34.png]


.


PaxScan4030

1. To setup PaxScan4030 execute commands File, CCD-device, Setup... or click the button [image: image35.png]


.

[image: image389.png]


2. The following dialog to setup of PaxScan4030 parameters will appear. Those parameters can be selected only once before a several image acquisitions.

3. At first define correct orientation of the acquired image by Rotate radio-buttons and two Mirror-buttons.

4. Select ROI on full-size acquired image and press button Get ROI, to insert ROI sizes to dialog.

5. Press buttons Dark, Middle and Light, to load the calibration images from files, or to acquire new one.

6. Select which corrections you would like to apply.

Linear filter - subtract the background accumulated in first 64 columns of CCD-matrix.

PaxScan4030.err - correct the defects of CCD-matrix which are saved in a text file PaxScan4030.err by bilinear interpolation.

Dark subtract - subtract black calibration image.

Gain correction - makes a piecewise linear interpolation of brightness.

7. Select the number of digital averaging cycles.

8. Check button Flash-mode to set flash acquisition mode.

9. Check button Clean image to twice acquire each image. The first acquisition is used to clean CCD-matrix.

10. Parameters Bits per pixel (number of bits per pixel) and Dll name (name of PaxScan DLL-driver) must be selected in corresponding to your model of PaxScan. (See specific PaxScan-manual.)

11. Press OK.

To capture a frame by the PaxScan4030 Panel execute commands: File, CCD-device, Acquire or click the button [image: image36.png]


.

It is pity, that exposure time for PaxScan 4030 can be changed by hardware button only and it can't be more then 3 seconds.

At the same time the software FlashScan35 can set exposure times up to several minutes using undocumented functions of frame-grabber. Because that there was realized a procedure of frame acquisition via FlashScan35 as puppet of this program. See below in Work with FlashScan35.

FlasScan35

FlashScan35 it is not acquisition device - it is firmware software to control PaxScan4030.

It is pity, that exposure time for PaxScan 4030 can be changed by hardware button only and it can't be more then 3 seconds.

At the same time the software FlashScan35 can set exposure times up to several minutes using undocumented functions of frame-grabber. Because that there was realized a procedure of frame acquisition via FlashScan35 as puppet of this program.

To set exposure time more then 3 seconds execute commands File, CCD-device, Setup... or press button [image: image37.png]


.
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	In the following dialog set exposure time which would be later sent to the program FlashScan35.


To acquire image via FlashScan35:

1. Run software FlashScan35.

2. Load 4 calibration files into it.

3. Activate window "Bad Pixels". The caption bar of the software must be FlashScan - [Bad Pixels] or FlashScan - Bad Pixels.

4. Execute commands: File, CCD-device, Acquire or click the button [image: image39.png]


.

5. Then software FlashScan35 is controlled automatically. It receive exposure time, start image acquisition, save it in temporary file c:\diada_temp.tif. This file is automatically loaded into our program and is showed on display.

PaxScan2520

[image: image390.png]


1. To setup PaxScan4030 execute commands File, CCD-device, Setup... or click the button [image: image40.png]


.

2. The following dialog to setup of PaxScan2520 parameters will appear. Those parameters can be selected only once before a several image acquisitions.

3. At first define correct orientation of the acquired image by Rotate radio-buttons and two Mirror-buttons.

4. Select Model, Frame frequency and number of the digital averaging cycles. The exposure time is back proportional to the frame rate.

5. Select ROI on full-size acquired image by mouse and press button Get ROI, to insert ROI sizes to dialog.

6. Use buttons Dark subtrack and Gain correction, for automatic creation of calibration images and save they in memory of command processor.

7. Select which corrections you would like to apply.

Linear filter - subtract the background accumulated in first columns of CCD-matrix.

Defect pixels - correct the defects of CCD-matrix which are saved in a text file PaxScan2520.err by bilinear interpolation.

Dark subtract - subtract black calibration image.

Gain correction - makes a piecewise linear interpolation of brightness.

8. Select the number of digital averaging cycles.

9. Press OK.

To capture a frame by the PaxScan2520 Panel execute commands: File, CCD-device, Acquire or click the button [image: image41.png]


.

PaxScan2520V

[image: image391.png]


1. To setup PaxScan4030V execute commands File, CCD-device, Setup... or click the button [image: image42.png]


.

2. The following dialog to setup of PaxScan2520V parameters will appear. Those parameters can be selected only once before a several image acquisitions.

3. At first define correct orientation of the acquired image by Rotate radio-buttons and two Mirror-buttons.

4. Select Model and Frame frequency. The exposure time is back proportional to the frame frequency.

5. Select ROI on full-size acquired image by mouse and press button Get ROI, to insert ROI sizes to dialog.

6. Use buttons Black correction and Gain correction, for automatic creation of calibration images and save they in the configuration folder.

7. Select which corrections you would like to apply.

Defect correction - correct the defects of CCD-matrix.

Black correction - subtract black calibration image.

Gain correction - makes a piecewise linear interpolation of brightness.

8. To test the image quality press button Snapshot.

9. To switch X-ray ON before acquire and switch OFF after acquire check the button Auto switch X-ray radiation ON/OFF in Select CCD-device dialog.

10. To get a live video window press button Live Video. To stop this mode use button Stop.

To capture a frame by the PaxScan2520V panel execute commands: File, CCD-device, Acquire or click the button [image: image43.png]


.

Photo-camera Canon

There are used a Canon firmware CD-SDK version 7.1. It must be installed during the program installation. The driver of Canon-camera itself must be installed separatelly. There were tested the following Canon models: PowerShot G2, PowerShot S70, PowerShot A620, A640. Canon support button must be checked in Options dialog.
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	1. To setup Canon-camera execute commands File, CCD-device, Setup... or click the button [image: image45.png]


. (If the Canon camera is not connected or its model is not a computer operatable one, nothing happens.)

2. There would be a dialog with live image from Canon camera.

3. Select zoom factor of picture by slider. The digital zoom is applied but not shown on viewfinder picture.

4. Press button AE/AF to get a sharp image.

5. To acquire a photo press button Release.
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	6. The Camera type list select one of the connected to computer Canon cameras as active one.

7. Shooting mode - list of camera's working modes.

8. Size - list of frame sizes.

9. Quality - list of JPEG-format compressions.

10. Exposure is exposure time in seconds.

11. Diaphragma (Av) - list of Av-values. Plus bigger value, plus smaller open objective.

12. Flash - list of working modes of the internal flash.

13. By increasing ISO speed one can increase an image brightness even when a weak illumination conditions.

14. Check button Disconnect camera to automatical switch off camera after close this dialog and after one photo acquisition.


To capture a frame by the Canon - camera without show the Setup-dialog execute commands: File, CCD-device, Acquire or click the button [image: image47.png]


. 

Hamamatsu + PCDIG
To work with Hamamatsu flat-panels and linear detectors there is used a PCDIG frame-grabber driver. It must be installed previously and separately from the program installation.

1. To setup Hamamatsu + PCDIG execute commands File, CCD-device, Setup... or click the button [image: image48.png]


.
2. The following dialog to setup parameters will appear. Those parameters can be selected only once before a several image acquisitions.
3. Select the configuration file of your Hamamatsu device.
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	4. Input cutted region coordinates or select ROI by mouse and press button Get ROI.

5. Set the number of averaged frames.

6. Set the Correction filename and check the corresponding button to subtract the background image.
7. Check Defects button to correct panel's defects automatically.

8. Press button OK.

9. To get a new window with live video press the corresponding button.


Hamamatsu + IMAQ

To work with Hamamatsu flat-panels and linear detectors there is used a NI-IMAQ frame-grabber driver. It must be installed previously and separately from the program installation.

1. To setup Hamamatsu + IMAQ execute commands File, CCD-device, Setup... or click the button [image: image50.png]


.
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2. The following dialog to setup of parameters will appear. Those parameters can be selected only once before a several image acquisitions.

3. At first define correct orientation of the acquired image by Rotate radio-buttons and two Mirror-buttons.

4. Select Frame frequency and number of the digital averaging cycles. The exposure time is back proportional to the frame frequency.

5. Select ROI on full-size acquired image by mouse and press button Get ROI, to insert ROI sizes to dialog.

6. Use buttons Black and White for automatic creation and save of calibration images.

7. Select which corrections you would like to apply.

Defect correction - correct the defects of CCD-matrix.

B/W calibration - makes a piecewise linear interpolation of brightness.

8. Select trigger mode: external or internal.

9. Select the binning mode.

10. To test the image quality press button Snapshot.

11. To switch X-ray ON before acquire and switch OFF after acquire check the button Auto switch X-ray radiation ON/OFF in Select CCD-device dialog.

12. To get a live video window press button Live Video. To stop this mode use button Stop.

13. The acquisition parameters are defined separately for snapshot and live video.

To capture a frame by the Hamamatsu + IMAQ execute commands: File, CCD-device, Acquire or click the button [image: image51.png]


.

PerkinElmer – detector
To work with PerkinElmer FPD there must be installed its driver (separately from program installation). This sensor converts X-ray to electric signal directly and have resolution 16 bits per pixel.

1. To setup PerkinElmer execute commands File, CCD-device, Setup... or click the button [image: image52.png]


.
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2. In the following dialog one can input the Triggering Mode: Free Runninng, External or Internal. When you are working without trigger select Timing (exposure time). For internal trigger define exposure time (not more then 5 sec).

3. Define Gain.

4. Define Binning Mode and its type.

5. Use buttons Offset correction and Gain correction, for automatic creation of calibration images and save they in the configuration folder.

6. Press button "Defects" to define bad pixels of panel automatically.

7. At first define correct orientation of the acquired image by Rotate radio-buttons and two Mirror-buttons.

8. Select ROI on full-size acquired image by mouse and press button Get ROI, to insert ROI sizes to dialog.

9. Select which corrections you would like to apply. 

Defect correction - correct the defects of CCD-matrix.

Offset correction - subtract black calibration image.

Gain correction - makes a piecewise linear interpolation of brightness.

10. To test the image quality press button Snapshot. The number of averaged frames are shown from the right side.

11. To switch X-ray ON before acquire and switch OFF after acquire check the button Auto switch X-ray radiation ON/OFF in Select CCD-device dialog.

12. To acquire frame sequence or Live video define a size of Ring buffer length.

13. To get a live video window press button Live Video. To stop this mode use button Stop.

14. To acquire a big sequence of frames and to save it in SET-file press button Get Sequence. The number of acquired frames are shown from the right side.

To capture a frame by the PerkinElmer - panel execute commands: File, CCD-device, Acquire or click the button [image: image54.png]


.
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DRTECH - panel

DRTECH-panel can be connected via wire or wireless network. When wire connection one have to define a network address of computer, for example, 192.168.250.1.

1. To acquire images by DRTECH-panel execute commands: File, Digital devices, Acquire or press button[image: image55.png]


.

2. In the following dialog one can select panel's type and check the panel slot number.

3. Group SSID contains parameters of the wireless connection.

4. To show Serial messages in Log-window check button Show Serial messages.

5. All panel's states are recorded in Status Log window.

6. Exposure time is selected from the corresponding list.

7. The current version of DRTECH SDK has no possibility to acquire by computer command. The acquisition is started by press and hold the button of remote control unit.

8. Press button Start (Calibration) switch panel to accumulate 7 frames for panel's calibration. As in the previous item to acquire the current calibration frame one must press button of remote control unit, or hold it pressed until the 7 frames acquisition. Start button changes to Stop one until end of calibration.

9. After calibration one can save its results in files Gain map (FLAATZ-560.GMP) and Pixel map (FLAATZ-560.MAP), by press the corresponding buttons.

10. FLAATZ-560.GMP and FLAATZ-560.MAP files are saved in the working program folder and are loaded automatically when user selects panel's type (see. item.2).
VaTech panel
To connect Vatech - panel by wireline network set the network address of computer, for example, 192.168.1.20. The panel address is 192.168.1.80 always.
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1. To acquire image from Vatechы executemenu commands: File, Digital devices, Acquire or press button[image: image56.png]


.
2. In the popup dialog select the Path to VADAV.dll.

3. Set the Exposure Time.

4. Make dark calibration by press button Calibration by Dark.

5. Make one or several Bright calibrations by press button Calibration by Bright. Before each caibration one have to switch ON the X-ray radiation for 30%, 60% and 90% of maximum power of X-ray unit (for 3 calibrations). For one calibration the X-ray power must be about 90%.

6. To delete all bright calibrations bress button <--Clean. The number of bright calibrations is shown from the left side of button.

7. To acquire an image press button Image Acquire.

8. To correct by dark calibration during acquisition check button Correction Dark.

9. To correct by bright calibration during acquisition check button Correction Bright.

10. To correct the defects of matrix of detectors during acquisition check button Correction Defects of matrix.

11. To rotate image on 90 degree after acquisition select 90° in combo-box Rotation.

12. For mirror transformation of image after acquisition check button Mirror horizontally or Mirror vertically.

13. To crop image after acquisition check button Region Of Interest and set its sizes.

14. The sizes of region of interest can take from the ful-lsize image, which has an Region Of Interest, if one press button Get region of interest.
Select Parameters for Image Acquisition

Program can help to select the exposure time and the number of digital accumulation cycles for the image acquisition by CCD-devices. To do that:

1. After the execution of commands: File, CCD-device, Select device... check the button Prompt to Exposure Time.

2. Set an arbitrary (the best is small) time of exposure and one digital accumulation cycle in Setup CCD dialog (menu commands: File, CCD-device, Setup... or click the button [image: image57.png]


).
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3. Execute the frame acquisition by commands: File, CCD-device, Acquire or click the button [image: image58.png]


.

4. On screen appear a new captured frame and the Exposure Time Selection dialog.

5. The window New exposure time shows a time, calculated on base of the acquired image histogram and the old exposure time. You can accept this time without changes or correct it.

6. The window New digital accumulation cycles shows the number of digital accumulation cycles, calculated on base a new exposure time and Acceptable time to acquire one frame. You can accept this value without changes or correct it.

7. In window Acceptable time to acquire one frame set the maximal time, which can be spent for one frame acquire. This time is used to calculate the number of digital accumulation cycles.

8. If you want once more get the prompts for the exposure time and the number of digital cycles - check the button Prompt to exposure time for a next acquire?. If you already have an image with good quality, uncheck this button and close this dialog without parameter's saving.

9. To transfer a new exposure time and a new number of digital accumulation cycles in the CCD-device acquisition parameters click OK.

10. Execute items 3 - 9 up to get a good quality image.

Work with TWAIN-compatible Device

TWAIN-compatible devices are devices supporting the TWAIN-protocol of data exchange between the device of input of the raster-type images and computer. Such devices are always sold together with the TWAIN-driver (as a rule it is DLL-file), which is an intermediate between the applied program and device of input of the images. Before start of the program it is necessary to install this driver, following the instructions in a manual to the TWAIN-device.

Select TWAIN-source
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	It is necessary to select a type of the device before a work with the TWAIN-compatible device (scanner, digital camera, CCD video-camera etc.) For select a type of the device execute commands: File, TWAIN-scanner, Select Source....
A dialog to select of one of the Twain-compatible devices, which is registered in the system will appear. Specify a type of the device and click the button Select. The device is selected.


Image Acquisition by TWAIN-protocol

Execute commands: File, TWAIN-scanner, Acquire or click the button [image: image60.png]


to start of Setup and Acquire dialog of the images by the Twain-compatible device (for example, scanner).
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	In this dialog you can select halftone modes 8, 10, 12, 16 bits on pixel or color 24, 36 or 48-bit mode - the program automatically converts this image in 16-bit halftone and will load it into a new window.


Setup Duerr-NDT scanner

To get 16 bits images from Duerr-NDT scanner there must be changed the following files:

C:\WINDOWS\twain_32\vistascan\vsjobtwainmaster.ini and C:\WINDOWS\twain_32\vistaray\vsjobtwainmaster.ini

the lines Transfer=MEMORY8 must be replaced to Transfer=MEMORY16.
Scanning Systems to Acquire Images

Microfocus Tomography System

The first hardware consists from micro-focus X-ray source FeinFocus, FPD PaxScan 4030 from Thales, four motor-drives, to move and rotate a test object.

The second one is Orel with additional high-precision PI-drive to rotate a test object. (The Orel hardware consists of from X-ray protected box, which includes: X-ray unit, a positioning system from 5 drives and detector PaxScan2520V. X-ray unit can move vertically, but a test object and detector have 2 degree of freedom in horizontal planes)

1. To show a dialog to control the microfocus tomography system execute commands Tools, Microfocus... or click button [image: image62.png]


.
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	2. The Control page is used to initialize (button All ON) and to move the active step-drives to the defined positions. The drive's movement to the initial positions can be also done manually by < and > buttons. Button Set Detector Position is used only for Orel - hardware to move FPD into position which is defined on page Geometry.
3. The current drive positions can be saved in a file and later loaded from it.

4. To test the current position one can make a picture by button Acquire an image.
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	5. The Acquire page is used to collect the projection data automatically. On this page one must define a Angle of rotation, Angular step and Number of projections.

6. To work with X-ray automatically check the buttons X-ray (auto).

7. There can be defined Pause before acquire. Set it nonzero if the test-object is vibrated after rotation step.

8. Define SET-filename to save projections.

9. Press button Start to collect data. During scanning there would be a temporary window to show current acquired projection. For emergency cases use Stop button.
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	10. Reconstruction page defines the sizes of reconstructed region, digital filter and binning of the original projections (to accelerate reconstruction due to reduce a resolution).

11. Define SET-filename of projections.
12. Define RAW-filename of preprocessed projections. This file must be recalculated after binning or filter changes.
13. Start to begin reconstruction. During reconstruction there would be a temporary window to show a current reconstructed layer.


14. For emergency cases use button Stop. After that the resulting SET-file would contain the valid data.
Access to the Setup and Geometry pages is protected by password, because of those pages have a data which are responsible for the hardware working conditions.
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	1. Setup page defines the parameters of serial port, through which the control commands are send to the step-drives.

2. Define the configuration data for the all step-drives.

3. Button Default settings can load a step-motors developer's parameters.

4. Button Parameters... .give a setup dialog for the current MD-drive.
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	It is a standard dialog to setup MD-drive parameters.

Each MD-drive is identified by serial port number and one symbol identifier.

Button Serial Port Settings... show a dialog to setup serial port parameters.

The parameters of this dialog can change the qualified personal only.
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	Geometry page defines a geometric parameters of hardware.

The parameters of this dialog can change the qualified personal only.


Hardwares on base of PCOM-scanner

1. To functionality of this system a computer must have a special interface card with several serial ports, because the each drives is controlled by a separate serial port (if there is not used a new protocol of the command transfer).

2. To show a dialog to control the system of drives and image acquisition devices execute commands Tools, Scan + Sewing or click the button [image: image69.png]


.
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	3. Then one have to setup the serial port parameters for the each used drive.

4. Switch on and initialize all used drives.

5. Calibrate the movements and the velocities for each drive.

6. The items 3-5 can be executed one time before the several measurements, but before the measurement execute the item 4 only.
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	7. To collect the projection data manually one can use Control page. With its help one can operate by drives and acquire frames. It is also possible to operate the drives by joystick (not by computer).

Click button Drive's parameters... to show a setup dialog of the current drive parameters.
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	8. Drive's parameters dialog defines the current drive configuration.
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	9. For automatic collection of the projection data one can use Scanning page.

10. There the scanning type must be selected and its parameters.

11. The scanning modes are explained in next paragraph.

12. Click the button Start to start the projection data acquisition.


Scanning modes of PCOM-scanner

For the following scanning modes are used the enable parameters only.

Side
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This mode serves to collect frames of the test objects lengthy horizontally and/or vertically. Later the collected frames are joint to a one composed image.

The camera and X-ray unit move identically in two parallel planes with a fixed test object between ones. There are used 4 drives: 1 - move all system along test object; 3 and 4 - vertical and horizontal movements of X-ray unit; 5 - vertical movement of camera

Parallel
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This mode serves to collect frames of the test objects lengthy horizontally with the following frame joining.

The camera (one or two) and X-ray unit (one or two) move identically in two parallel planes with a fixed test object between ones. There are used 2 (or 3) drives: 3 - X-ray-unit movement, 1 and/or 2 - camera movement.
Tomosyntez (angles)
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This mode serves to collect frames for the test object reconstruction by tomosyntez method. The test object is placed on camera (flat panel). X-ray unit moves along rectangle with two rotations such way that it always directed to the object.

There are used 4 drives: 6 and 7 - for vertical and horizontal movements of X-ray tube; 3 and 8 to rotate X-ray tube.
Tomosyntez (parallel)
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This mode serves to collect frames for the test object reconstruction by tomosyntez method. The test object and camera are moved synchronously along rectangles in two parallel planes. To change zoom-factor the X-ray tube can move near or far from those planes.

There are used 5 drives: 1 and 2 - for horizontal movements of test object; 3 and 4 - for horizontal movements of camera; and 5 - to move X-ray tube vertically.

X-ray Scanning System <Orel>

Hardware <Orel> consists from X-ray protected box, which includes: X-ray unit, a positioning system from 5 drives and detector (tsnkCAM, PaxScan4030 or PaxScan2520V). X-ray unit can move vertically, but a test object and detector have 2 degree of freedom in horizontal planes.

One of the modifications of this hardware has high precision PI-drive to rotate a test object and it can help to collect projections for 3D-CT.  Optionally this hardware can have a drive to control open/close door.
Prepare Scanning

At first set connection between X-ray control unit and computer:

1. Select type of X-ray unit RAP (Sankt-Peterburg or TSNK-lab MIREA) or FXE-160.51(61), by execution of menu commands Tools, X-ray Control, Select type.
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	2. Call a dialog to control X-ray unit by menu commands Tools, X-ray Control, Setup... or press button [image: image75.png]


.

3. In the following dialog press button PC-control of X-ray.

4. Set Exposure time enough big to our requirements and close the dialog.


Define acquisition parameters for detector tsnkCAM:

1. Execute menu commands Tools, Scan-systems, Orel or press button [image: image76.png]


.

2. Select page Scan.

3. Select type of detector tsnkCAM.

4. Press button Setup scanning system.
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	5. In the following dialog select sequentially the frame types: Panoramic view and Region image.

6. For the each type define Exposure time and Black level and Voltage, Current of X-ray unit.
7. Also define names of files to calibrate by black and white images.

8. For the fine tuning of geometrical parameters of <Orel> press button Fine Tuning....


If system has as FPD (PaxScan4030, PaxScan2520 or PaxScan2520V) defines its acquisition parameters:

1. Execute menu commands Tools, Scan-systems, Orel or press button [image: image78.png]


.

2. Select page Scan.

3. Select type of detector.

4. Press button Setup scanning system.
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	5. In the following dialog select sequentially the frame types: Panoramic view and Region image.

6. For the each type define Exposure time and Black level and Voltage, Current of X-ray unit.
7. Angle of the image rotation must correspond to the actual hardware geometry and it should be constant during all operations.

8. For the fine tuning of geometrical parameters of <Orel> press button Fine Tuning....


The dialog of the <Orel> fine tuning should be accessible after user password identification. The parameters of this dialog can change the qualified personal only.
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1. For each from 3 formats of panoramic view (1x1, 2x2, 3x2) it should be selected or calculated 6 values: the coordinates of X-ray focus point in template plane and the template's sizes.

2. If the positive axis directions of detector and test object are opposite, then one should check buttons Opposite X-axes or Opposite Y-axes.

3. X-tube Level - distance from X-ray focus point to plane of the test-object drives.

4. Level [mm] - a list of three possible distances from the test object plane to the detector plane.

5. Four coordinates are defined a Detector axis ranges.

6. To create the optical correction and joining templates one must check button Create template.
7. Check Door open/close button to control the door in the corresponding hardware.

8. And the last parameter - the percent of frame overlap 2x2 for the joining format 2x2.

Creation and Marking of Panoramic View
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	1. Fix a test object on the specimen stage.

2. To show the <Orel> control dialog execute menu commands Tools, Scan-Systems, Orel or press button [image: image81.png]


.
3. Select <Control> page. 

Press button Init all drives to initialize all required 5 (or 6) drives automatically.
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	4. Access to page Setup 1 is possible only after passport input because this page contains a setup parameters of 4 drives to move detector and test object. This parameters should be changed by can change the qualified personal only.

There one can save the positions of this drives, which are convenient, for example, to fix the test object near the box's door. To do that all 4 drives move to the reguired positions and press button Save current position as the loading position.


There one can set a Movement range of X-ray unit. For example, if you reduce this value, you can test a test objects which are fixed below the usual level safely for X-ray unit.
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5. Check X-ray buttons Switch auto ON and Switch auto OFF to start and finish X-ray automatically during scanning.

6. The format of the panoramic view is depended from the size of test object: for a small objects - 1x1, for big ones - 2x3.

7. Press button Panoramic view.

8. After appear on screen a window with panoramic view press button Create and mark by mouse the interesting regions on this view.

9. To edit positions and sizes of the marked regions one can press button Edit and use mouse. The real size of the region is depends from the defined resolution and format, but the position of region center is defined by mouse.

10. Buttons Save and Load saves and loads a panoramic view together with all parameters and the marked regions. It is helpful for high volume testing of the same objects.

Frames of Region of Panoramic View

1. Select the number of current marked region.
2. Define resolution to acquire frames.

3. Define format of the region frames.

4. Define level, which have the interesting region.

5. Press button Frame of region to acquire the defined resolution frame automatically.

6. To collect frames of all marked regions of the panoramic view press button All regions. The program moves each region of the test object to X-ray tube and collect acquired frames to a shown on screen sequence. For emergency stop one can use a button [image: image83.png]


.

7. Button Scan movie scans the selected region by frames with defined resolution.

8. To save the collected frame sequence the SET-format is preferable.

Acquire Projections for Tomosyntez of Region

To reconstruct the 3D internal structure of the selected region of the test object one can use tomosyntez method. For this method there must be different angle frames of the interesting region, whose can be acquired by the following way.

1. Select the number of current region.

2. Define resolution to acquire frame.

3. Define format of the region frame 1х1.

4. Define level, where there is a center of object.

5. Define number of projections (frames). It is multiply 4 always.

6. Define the layers of the reconstructed volume.

7. Press button Tomosyntez movie to get the different angle frames with defined resolution. For emergency stop one can use a button [image: image84.png]


.

8. To save the collected frame sequence the SET-format is preferable.

9. To save the coordinates of the marks projections on the start and end layers press button Create tomosyntez marks....

The tomosyntez marks file is not obligatory, because the current program version creates together with SET-file a TSP-file with the geometrical parameters for tomosyntez.

10. The resulting projections and TSP-file (or a file with marks coordinates) are used by tomosyntez to reconstruct the test object layer by layer.

The Big Object Scanner

The first hardware consists from X-ray unit Smart of Yxlon and rigid connected linear detector, and also 2 step-motors, whose can rotate and translate X-ray unit and detector along a test object.

The second one consists from X-ray unit and a linear detector, which is moved along the test object by MD-drive.

To show the control dialog of the big object scanner execute menu commands Tools, Scan-systems, Big object scanner or click button [image: image85.png]


.

	[image: image86.png]Big Object Scanner

scon | petectors | st |

Object start [rm]
Object frish [rm]
angle of projection [7]

Number of projections

El

[ oo [ Execution

0 Ovin Ogsec Rest Time

T Projections done

No operations





	Scan page of this dialog defines the scanning region, number and angles of projections.
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	Detectors page defines detector parameters:

1. Integration time [msec].

2. Acquire time [msec].

3. Digital accumulation frames.

4. Gain coefficient.
5. External synchronization.
6. There one can select an automatic calibration or create a new calibration.

7. Button Reset is helpful if the connection with one of modules was missed. Its indicator is shown by red color instead green.
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	Setup page defines parameters of scanning system. The parameters of this page can change the qualified personal only.

8. Parameter Velocity defines the velocity in impulses per second which corresponds to the physic velocity 1sm per second.

9. Scan pitch is equal the detector's pitch to produce a square pixels.

10. Button Correct edges of detector's modules means a linear interpolation of the edge detectors. As a rule, those detectors are overlapped and its signals becomes weak
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	11. Click button Parameters... to show a standard dialog to setup MD-drive parameters.

Each MD-drive is identified by serial port number and one symbol identifier.

Button Serial Port Settings... show a dialog to setup serial port parameters.

The parameters of this dialog can change the qualified personal only.


X-ray Scanning System <Matrix>

The hardware consists from detector with a collimator and X-ray tube, which is moved by 4 drives: along a test object (2), up-down (4) and two rotations (5,6). The detector also can move along a test object (1), and the collimator can do oscillatory movements (3).
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	1. To show dialog of <Matrix> control execute menu commands Tools, Scan-systems, Scan + Sewing or press button [image: image91.png]


.

2. Switch ON and initialize the necessary drives. For the simplest scanning mode it is enough to use 2 first drives only.
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3. Activate page Matrix.
4. Define 4 geometrical sizes.

5. Set 3 parameters of scanning region and type of Frame overlap.

6. Select as detector PaxScan4030.

7. Define time of exposure.

8. All parameters of this page can be saved in configuration file for a future usage. By default parameters of this page are saved in file MATRIXscan.cfg.

9. Press button <...> to select SET-filename to save acquired images. If there is no filename, then acquired images would be saved in computer memory.

10. X-ray unit is nor controlled by computer, because that X-ray radiation must be switched ON from the remote control unit before scanning.

11. To test acquisition one can press button Make a frame.

12. Press button Start scanning to collect projection data.

13. Press button Continue scanning to continue the projection data collection.

14. For emergency stop of scanning process one can press button [image: image92.png]


.

15. After scanning finish switch OFF X-ray by the remote control unit.

VIAM-tomograph

To show the VIAM control dialog for computer tomography (CT) and digital radiography (DR) execute menu commands Tools, Scan-systems, VIAM-tomograph... or press button [image: image93.png]


.

Initial Position Definition and Drive's Calibration
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	This page Setup is used to define the initial positions of scanning.

1. Select Drive type - for example, Vertical.

2. Click button Switch ON drive.

3. The press button Initialize.

4. Define absolute position under Move to and click button -->|.

5. To move the test object relative its current position press one of the buttons |<-- or -->|.


The drive calibrations should be done only by authorized personal.
Definition of Optimal Parameters of Linear Detector

For each test object there must be an optimal parameters of detectors. They can be defined on Detector page.
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1. Define voltage for X-ray tube.

2. Define gain coefficient.

3. Click button Test. - to start traverse movement of detectors and data acquisition.

4. At the end of test look for the Mean amplitude of the acquired data.

5. If this value is bigger 1000000 then reduce X-ray voltage or gain coefficient. If it is greatly less 1000000 then increase those values and repeat the actions described above.
6. When the optimal parameters are ready one can make Black and White calibrations to define the black signal and the gain coefficient for each detector.

7. To make black calibration switch OFF X-ray radiation, click button Black... , select Yes and define filename.

8. To make white calibration switch ON X-ray radiation, click button White... , select Yes and define filename.

9. To define name of text file with the list of defect detectors click button Defects... and select No. You should not select Yes, because the algorithm of the automatic generation of the defect detector list is not working stable and it is better to create this list in any test editor program. Numbering of detectors starts from 0. Each line of the file must has one number of defect detector only.

10. List of the defect detectors also saved in the header of the BIN-file with projection data. But it can be edited by button Modify a list of defect detectors in BIN-file on Tomography page.

Digital Radiography

To make the digital radiography by VIAM-tomograph:

1. Select the Definition of Optimal Parameters of Linear Detector.
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	2. On Geometry page selct scan mode Radiography (Traverse + Vertical).

3. Define positions, start and step in vertical direction. For scanning downwards the step size must be negative, and the start position is enough big.

4. Define Object Size and Step in traverse direction. It defines the number of position along traverse.
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	5. On page Detector select the number of Detector for Radiography.
6. On Scanning page click button File to browse the name of BIN-file with projection data.

7. Check button Switch X-ray OFF after finish to switch X-ray OFF automatically.

8. Press button Start.

9. For emergency stop scanning click button Stop.




10. At the end of scanning switch X-ray OFF (if the button Switch X-ray OFF after finish was not checked).

11. On screen you can see the acquired data. The same data are saved in BIN-file. In TXT-file are saved the text values of all dialog parameters.

Computer Tomography

To make the computer tomography by VIAM-tomograph:

1. Select the Definition of Optimal Parameters of Linear Detector.
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	2. On Geometry page select one of the two scanning modes: Tomography (Traverse+Rotataion) or Tomography (Traverse + Rotation + Vertical).

3. Define number of positions, step and start for each of the scanning directions.

4. Define the test object size.
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	5. On Detector page select External synchronization pulses.

6. The testing mode of detector must be switched off.

7. Switch on X-ray radiation as it is described in X-ray Unit URP 300/10.
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	8. On Scanning page check button Switch X-ray OFF after finish to switch off X-ray automatically.

9. Check button Start CT-reconstruction, if you want start CT-reconstruction immediately after the scanning finish.

10. Click button Start.

11. For emergency stop scanning press button [image: image100.png]


.

12. At the end of scanning switch X-ray OFF (if the button Switch X-ray OFF after finish was not checked).


13. After the collection and saving of the projection data is finished one can activate Tomography page to make CT-reconstruction. (In TXT-file are saved the text values of all dialog parameters.)
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	14. Define detector's aperture (this value must be fixed for the tuned linear detector.

15. Select Reconstruction resolution - the pixel size of the resulting tomogram.

16. Define CT-reconstruction parameter - offset of the object rotation center relative to the linear detector center.

17. Select Filter for the post-processing projections.




18. Click button CT for saved raw data to browse name of BIN-file with the projection data and to start CT-reconstruction.
19. After finish the reconstructed layers are saved in computer's memory and are shown in a new window as a sequence of 16-bits per pixel images.

Numerical Simulation of the Projection Data

To debug the CT-reconstruction algorithms and to detect the errors of the hardware and software parameters one can produce an ideal projection data, by the numerical simulation on base of the known tomogram image. To do that:

[image: image404.png]


1. Load to the program the tomogram image.

2. On Geometry page select mode Tomography (Traverse+Rotation).

3. Select object size equal to 100x100mm, for example.
4. On Tomography page define reconstruction resolution 0.5 mm, for example.

5. In this case to create a projection data there would be used the central region of image with sizes 200x200 pixels.

6. Activate window with this image otherwise for the numerical simulation there would be used the current active window.

7. Click button Numerical simulation of CT-projections... and select name of BIN-file to save the resulting simulated data.

X-ray Positioning System <Mangust>

X-ray positioning system <Mangust> consists from X-ray unit, tsnkCAM camera and 6 drives, to move collimator, test object and camera.

To control <Mangust> execute menu commands Tools, Scan systems, Mangust or press button [image: image102.png]


.
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	This page of dialog is used for manual movements of collimator, test object and camera.
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	This page defines the parameters of MOXA-drives.

To configure the current drive press button Drive's parameters...
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	Drive's parameters dialog defines the current drive configuration.
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	This page defines the parameters of PI-drives.
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	This page is used to camera positioning to a defined point of the test object and to image acquisition.
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	This page defines parameters of camera exposure, coordinates of the focus point and coordinates of collimator's offset.


X-ray Scanning System <Ugol>

The hardware consists from the collimated X-ray tube and linear detector, whose can move along lengthy test objects, and also can change the angle of view by 4 step-motors.

To show the <Ugol> control dialog execute menu commands Tools, Scan-Systems, Ugol or press button [image: image109.png]


.
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	This page of dialog work as the manual movement control of X-ray unit and detector.

1. To operate by a drive from computer one must press button All ON, or check the buttons ON.

2. To initialize each drive press button <--.

3. After that one can use buttons <--> and edit-fields, located on the right of those buttons, to move drives in the absolute positions.


4. Button =0 set zero value for the current position of the drive.
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	This page of dialog defines the parameters of all drives.

It is available only after password input. If there was a wrong password one can change onle the serial port settings. To stop movement of all drives one can press button [image: image112.png]


.
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	It is a standard dialog to setup MD-drive parameters.

Each MD-drive is identified by serial port number and one symbol identifier.

Button Serial Port Settings... show a dialog to setup serial port parameters.`
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	This dialog defines the zero reference points of drives.

1. The first two parameters are defined by factory and its change is not recommended.

2. The third parameter - the coordinate of the X-ray unit relative to detector, when X-ray unit is directed exactly to detector. It is defined automatically by special calibration procedure. The negative value means that the detector coordinate is bigger then X-ray unit coordinate.


Image Normalization
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	This page of dialog defines the parameters of linear detectors and can normalize the acquired images.

1. Integration time must be at least on 5msec less then the period acquire.

2. To normalize the acquired images one increase the current or voltage of X-ray tube on 10-15 percents. (It is desirable, that there was no overexposure of the calibration image).


3. Acquire the calibration image (see paragraph Scanning). The first part of the image was acquired without X-ray radiation, but second one - with radiation.

4. Select the image region without radiation and press button <Get black from image>.

5. Select the image region with radiation and press button <Get white from image>.

6. Check buttos <by white> and/or <by black> to use white and/or black calibration of the image brightness.

7. Activate the window with image for calibration and press button <Normalize image(s)>.

Scanning
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	It is the main working page of the dialog.

It setups system and also can acquire as separate frames as the different angles frames for 3D reconstruction of the test object by tomosyntez method.


Start Position Search

It is the first operation of the system setup after its assembling on a new place.

1. To do it one defines a parameter: Range [mm] of search the initial offset of the X-ray tube relative to the linear detector.

2. Then press button Start.

The following automatic system actions are:

a) Initialization of all 4 drives of X-ray unit and detector. Then X-ray-unit and detector are turned on angle 0.

b) The linear detector is moves to the defined range (70mm).

c) X-ray unit is started movement with double length (140mm), and the linear detector reads data and show it in a new window.

d) The software is calculated the image column with the maximal brightness, and by its horizontal coordinate calculates the offset of X-ray tube relative to the detector, where X-ray tube and detector are placed one opposite another.

f) Drives of X-ray unit and detector are initialized, and if the calculated offset is positive, then X-ray unit would be moved on this offset and zero position of X-ray tube would be setted there. If the calculated offset is negative, then the same operation would be done with the linear detector.

Gap Definition

There are second and third operations after hardware assembling on a new place. It set the correct distance between X-ray unit and detector in the defined place of the test object.

1. Define 3 parameters:

a) Range - the initial offset of the detector or half offset of the X-ray tube.

b) Offset - the coordinate of the position along the test object, where the gap would be calculated.

c) Angle - the angle of the projection of the test object.
2. Then one can press button Gap.

The following automatic system actions are:

a) Initialization of all 4 drives of X-ray unit and detector. Then X-ray-unit and detector are turned on the angle. X-ray tube or the detector is moved on the first setup stage calculated initial offset.

b) The linear detector is moved to Offset + Range.

c) X-ray unit is moved to Offset and start the double range movement, but the linear detector reads data and shows it in a new window.

d) The software is calculated the image column with the maximal brightness, and by its horizontal coordinate calculates the correction of the gap between X-ray tube and the detector and shows it on display.

3. To correct the possible misalignment of the X-ray tube and detector movements this procedure must be done twice - on the each end of the test object.

Frame Acquisition

After all above described setup procedures one can acquire the test object images.

1. Define 4 image's parameters: length, step, offset (where the image would be acquired), and alpha (the projection angle).

2. Press button Frame.

The following automatic system actions are:

a) Initialization of all 4 drives of X-ray unit and detector. Then X-ray-unit and detector are turned on the angle. X-ray tube or the detector is moved on the first setup stage calculated initial offset.

b) X-ray tube and detector are moved to the defined offset (135mm).

c) X-ray tube and detector are start the synchronous motion on the defined length (190mm), and the linear detector reads data and show it in a new window.

Acquisition of Sequence of Angle Frames

For reconstruction of the test object by tomosyntez one should get different angle projections.

1. Define 3 parameters of each frame: length, step and offset.

2. Define 3 parameters of the image sequence: start projection angle, number of projections and the start projection number. (Usually the start projection number equals 1. But the scanning is the long duration operation because that it can be stopped on each projection and then continued from this number.)

3. Press button Tomosyntez.

The following automatic system actions are:

a) Initialization of all 4 drives of X-ray unit and detector. Then X-ray-unit and detector are turned on the angle. X-ray tube or the detector is moved on the first setup stage calculated initial offset.

b) X-ray tube and detector are moved to the defined offset (135mm).

c) X-ray tube and detector are start the synchronous motion on the defined length (190mm), and the linear detector reads data and show it in a new window.

d) After finish one frame X-ray unit and detector are initialized again with setting the initial offset.

f) X-ray unit and detector turn on the next angle of projection.

e) Items b,c,d,e are executed until the all projection acquisition.

As a result there would be a new window with the image sequence of the projections. To save the frame sequence one can use one of the following graphical file formats AVI, FITS, RAW, SET.

To continue the stopped scanning:

1. Load the unfinished projection sequence. Activate its window.

2. Execute all items from the beginning of this paragraph, when define as a start projection number - the number of the first missing frame of sequence.

Tomosyntez of Test Object

To reconstruct the test object layer by layer by tomosyntez method do following operations:
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1. Load the image sequence of projection.

2. Activate page Tomosyntez.

3. Define 5 reconstruction parameters.

4. The parameters of the loaded projections must corresponding to the parameters defined on page Scanning - otherwise there would be the corresponding warning.

5. Click button Tomosyntez.

6. The layers are reconstructed consecutive and are visualized in a new window.
X-ray Scanning System <Mars-Vizit>

The hardware consists from the X-ray protected box, which includes: X-ray tube and the detector generated by 6 tsnkCAMs, and also the photo-camera Canon, which produced the panoramic views of the test objects. The test object, fixed on the object table can move in horizontal plane, but X-ray tube can move along the vertical axes by step-motors.

To show the <Mars-Vizit> control dialog execute menu commands Tools, Scan systems, <Mars-Vizit> or press button [image: image117.png]


.
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	This page of dialog serves for the manual control of X-ray tube and the test object movements.

1. To control the drives from computer one must press button All ON, or check buttons ON.

2. To initialize each drive press button <--.

3. After that to move drives to the absolute positions one can use buttons <--> and the edit-fields placed on the right from the corresponding buttons.
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	4. To stop the all drives movement press button [image: image120.png]


.
5. This page of dialog defines the setup parameters of drives. It is available only after user password identification.
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	6. Press button Parameters... to show a dialog to setup MD-drive parameters.

Each MD-drive is identified by serial port number and one symbol identifier.

Button Serial Port Settings... show a dialog to setup serial port parameters.

The parameters of this dialog can change the qualified personal only.
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	7. Press button Geometry... to show a dialog of fine tuning of the geometrical parameters of scanning system <Mars-Vizit>, saved in file MarsVizit.cfg. The parameters of this dialog can change the qualified personal only.
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	8. The page Scanning has the main items for the automatic control of the test object scanning.


Prepare Scanning

To connect X-ray unit to computer:

1. Select its type RAP (TSNK-lab.MIREA) by execute menu commands Tools, X-ray Control, Select type.
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	2. To get X-ray control dialog use menu commands Tools, X-ray Control, Setup... or press button [image: image125.png]


.

3. In the following dialog press button PC-control of X-ray.

4. Set Exposure time enough big to our requirements and close the dialog.


5. Press button All ON on the Control page of the <Mars-Vizit> dialog to initialize all drives.

Scanning by Use Panoramic View

It is the most convenient and quick scanning way.

1. Fix the test object on the frame and insert it into the guide rails to make a photo.

2. Press button Panoramic view on Scanning page of the <Mars-Vizit> dialog.
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3. After show on screen the new panoramic view press button Create and mark by mouse the interesting regions on this view.

4. To edit positions and sizes of the marked regions one can press button Edit and use mouse. The real size of the region is depends from the defined resolution and format, but the position of region center is defined by mouse.

5. Define resolution to acquire frames.

6. Define level, which have the interesting region.

7. Buttons Save and Load saves and loads a panoramic view together with all parameters and the marked regions. It is helpful for high volume testing of the same objects.

8. Check X-ray (auto) buttons ON and OFF to start and finish X-ray automatically during scanning.

9. Insert the frame with the test object into the X-ray protected box.

10. Select the number of current marked region and press button Frame of region to acquire the defined resolution frame automatically.

11. To collect frames of all marked regions of the panoramic view press button All regions. The program moves each region of the test object to X-ray tube and collect acquired frames to a shown on screen sequence. For emergency stop one can use a button [image: image126.png]


.

12. To save the collected frame sequence the SET-format is preferable.

Manual Scanning
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For the manual scanning:

1. Insert the frame with the test object into the X-ray protected box.

2. Swich ON the X-ray radiation by menu commands Tools, X-ray Control, X-ray ON or press button [image: image127.png]


.

3. Check button Live video. On screen there would be a new window with the "live" image from the first of 6 tsnkCAM cameras, with resolution reduced in 4 times to accelerate the data transfer to computer.

4. Then one can press button "<" or ">" for the uniform motion of the corresponding drive to the required direction. The button release stops the drive motion.

5. Also one can use buttons "<-->" to move the drive into the absolute position defined from the right side.

6. To acquire a high quality photo one can press button Make a frame.

Acquire tomosyntez projections

Acquire tomosyntez projections is similar to get a frame of region, but the result is several frames of region produced under different angles.

1. Fix the test object on the frame and insert it into the guide rails to make a photo.

2. Press button Panoramic view on Scanning page of the <Mars-Vizit> dialog.

3. After show on screen the new panoramic view press button Create and mark by mouse the interesting regions on this view.

4. To edit positions and sizes of the marked regions one can press button Edit and use mouse. The real size of the region is depends from the defined resolution and format, but the position of region center is defined by mouse.

5. Define resolution to acquire frames.

6. Define level, which have the interesting region.

7. Buttons Save and Load saves and loads a panoramic view together with all parameters and the marked regions. It is helpful for high volume testing of the same objects.

8. Check X-ray (auto) buttons ON and OFF to start and finish X-ray automatically during scanning.

9. Insert the frame with the test object into the X-ray protected box.
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10. Define a filenames of black and white backgrounds to correct brightness. (Those files must be created beforehand without the test object, but under tha same exposure time.)

11. Define a number of projections (must be not less then 8).

12. Select the number of current marked region and press button Tomosyntez to acquire the defined resolution frame automatically. For emergency stop one can use a button [image: image128.png]


.

13. To save the projections the SET-format is preferable. Together with projections there is created TSP-file with tomosyntez parameters automatically.

14. How make a tomosyntez one can look in paragraph Tomosyntez without marks.

Remote Control of <Vinol>

	[image: image129.png]VINOL remote control P

Flat Panel Inage
Detector = Jirtensiier
Shulters





	The hardware consists from X-ray unit Smart of Yxlon, two changeable detectors: flat panel detector PaxScan4030 of Thales and the image intensifier of Yxlon, and also 5 step-motors, which can change detectors and move 4 shutters to collimate X-ray radiation on detector.

To show a control dialog of <Vinol>, execute menu commands Tools, Scan-Systems, <Vinol> or click the button [image: image130.png]


.

In appeared dialog press arrow button to move drive in corresponding direction, but release button stop a motion.


Remote Control <Vzglyad>

The hardware consists from X-ray unit MGC4X of Yxlon, two changeable detectors: CCD-camera SensiCam and the image intensifier of Yxlon, and also 5 step-motors, which can change detectors, move and rotate the test object.
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	To show a control dialog of <Vinol>, execute menu commands Tools, Scan-Systems, <Vzglyad> or click the button [image: image132.png]


.

In appeared dialog press arrow button to move drive in corresponding direction, but release button stop a motion.


Remote Control of <Shedevr-TM>

The hardware consists from X-ray unit Smart of Yxlon, a X-ray detector and one step-motor, which can load or unload a test object.

	[image: image133.png]



	To show a control dialog of <Shedevr-TM>, execute menu commands Tools, Scan-Systems, <Shedevr-TM> or click the button [image: image134.png]


.

In appeared dialog press arrow button to move drive in corresponding direction, but release button stop a motion.


X-ray Positioning System <Steiger>

The hardware consists from microfocus X-ray unit (X-unit), X-ray detector - FPD of Hamamatsu with frame-grabber NI-IMAQ, and also 3 high-precision PI-drives, whose move the test object along the table and rotate this object, and 2 MD-drives, whose open/close door and move the object table itself.

To show the <Steiger> control dialog, execute menu commands: Tools, Scan-systems, <Steiger> or press button [image: image135.png]


.
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	In this dialog press buttons with arrow makes a one step in the corresponding direction.
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	This page setups the parameters of 3 PI-drives, 2 MD-drives and the current scanning mode parameters.


The initial positioning can be done in live-video mode of FPD Hamamatsu + IMAQ with use the corresponding drives. After the position was ready one can select the corresponding scanning mode and press button Save position to save the current coordinates of drives. Latter those positions are used as initial one for the corresponding scanning modes.

<Steiger> hardware has 4 scanning modes:

1) Setup X-ray

There is a setup of X-ray unit by fix in the rotated mount the special detector and the scanning this detector by electron beam. For the detector positioning one can use MD-drive of the table motion and PI-drive of the detector rotation.

After press button Start the table moves to the saved position.

2) Micro fuel elements

There is an automatic scanning along 64 positions of the micro fuel elements holder. The positions where need an image acquisition must be marked in file Steiger.cfg by symbols different from "0". 

After press button Start there are movements of 2 PI-drives of object and MD-drive of table to the saved positions, and then there would be a scanning with step predefined on page Setup.

3) Fuel compacts

There is N steps along the fuel compact holder with step d. Values N and d are defined on page Setup.

After press button Start the object moved by MD-drive of table to the saved position and there would be a scanning with defined step by the same drive.

4) Pattens

After press button Start the object moves by MD-drive of the table to the saved position and makes an image acquisition.
X-ray Control Systems

Before usage of X-ray unit it is need to define its type.
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	1. Execute menu commands Tools, X-ray Control, Select type...
2. Select type of X-ray unit and click OK.
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	3. To switch X-ray radiation ON execute the menu commands Tools, X-ray control, X-ray ON or click the button [image: image140.png]


. There would be the following warning dialog.

4. To switch OFF X-ray radiation execute the menu commands Tools, X-ray control, X-ray OFF or click the button [image: image141.png]


.


Module MGC4X from YXLON

To set the X-ray parameters and to switch ON or OFF the X-ray radiation use the following commands.

1. Execute menu commands Tools, X-ray control, Setup, or press the button [image: image142.png]


.

2. In this popup dialog press PC-control of X-ray button to open the serial communication between the X-ray control unit MGC4X and program.
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3. If there is some difficulties with open the communication, this button will be unchecked. In this case, please, press the button Serial Port Setup to change the serial port settings.

4. Select Standard or Fine focus of the X-ray tube.

5. Set voltage value [kV].

6. Set value of the current [mA].

7. Press Send parameters button to transfer the corresponding commands to the control unit.

8. The dialog box will be closed automatically.

9. To switch X-ray radiation ON execute the menu commands Tools, X-ray control, X-ray ON or click the button [image: image143.png]


.

10. To switch OFF the X-ray radiation execute the menu commands Tools, X-ray control, X-ray OFF or click the button [image: image144.png]


.

11. To close the serial communication between the program and the X-ray control unit release the PC-control of X-ray button.

12. When program is closed it switch OFF the X-ray radiation and close the serial communication with X-ray unit automatically.

Module SMART from YXLON

To set the X-ray parameters and to switch ON or OFF the X-ray radiation use the following commands.

1. Execute menu commands Tools, X-ray control, Setup, or press the button [image: image145.png]


.
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2. In this popup dialog press PC-control of X-ray button to open the serial communication between the X-ray control unit and program.

3. If there is some difficulties with open the communication, this button will be unchecked. In this case, please, press the button Serial Port Setup to change the serial port settings.

4. Select Standard or Fine focus of the X-ray tube.

5. Set voltage value [kV].

6. Set value of the current [mA].

7. Select Automatic operational mode of the control unit.

8. To switch X-ray ON or OFF press the buttons X-ray ON! or X-ray OFF!, correspondingly.

9. To switch X-ray radiation ON when the control dialog is closed execute the menu commands Tools, X-ray control, X-ray ON or click the button [image: image146.png]


.

10. To switch OFF the X-ray radiation execute the menu commands Tools, X-ray control, X-ray OFF or click the button [image: image147.png]


.

11. To close the serial communication between the program and the X-ray control unit release the PC-control of X-ray button.

12. When program is closed it switch OFF the X-ray radiation and close the serial communication with X-ray unit automatically.

X-ray Unit URP 300/10

To set the X-ray parameters and to switch ON or OFF the X-ray radiation use the following commands.
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1. Execute menu commands Tools, X-ray control, Setup, or press the button [image: image148.png]


.

2. In this popup dialog press PC-control of X-ray button to open the serial communication between the X-ray control unit and program.

3. If there is some difficulties with open the communication, this button will be unchecked. In this case, press the button Serial Port Setup to change the serial port settings.

4. Select one of the anode voltages.

5. Press button Switch ON to start X-ray radiation.

6. To switch ON X-ray radiation without this dialog execute the menu commands Tools, X-ray control, X-ray ON or click the button [image: image149.png]


.

7. To switch OFF the X-ray radiation execute the menu commands Tools, X-ray control, X-ray OFF or click the button.
To switch off X-ray after scanning finish by VIAM - tomograph automatically, please, check button Switch X-ray OFF after finish on Scanning page of the VIAM dialog.

FXE-225.20 (FeinFocus)

To set the X-ray parameters and to switch ON or OFF the X-ray radiation use the following commands.

1. Execute menu commands Tools, X-ray control, Setup, or press the button [image: image150.png]


.
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2. In this popup dialog press PC-control of X-ray button to open the serial communication between the X-ray control unit and program.

3. If there is some difficulties with open the communication, this button will be unchecked. In this case, please, press the button Setup RS-232 to set the serial port settings: 9600 bod, 8 bits data, parity - even, 1 stop bit.

4. Set Parameters and click Set Parameters.

5. For X-ray tube training define voltage and press Warming up.

6. To switch X-ray radiation ON when the control dialog is closed execute the menu commands Tools, X-ray control, X-ray ON or click the button [image: image151.png]


.

7. To switch OFF the X-ray radiation execute the menu commands Tools, X-ray control, X-ray OFF or click the button [image: image152.png]


.
FXE-160.61 (FeinFocus)
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To set the X-ray parameters and to switch ON or OFF the X-ray radiation use the following commands.

1. Execute menu commands Tools, X-ray control, Setup, or press the button [image: image153.png]


.

2. In this popup dialog press Warm Up button to prepare X-ray tube.

3. Button Start Up compare to Warm Up one includes the setup for focussing and centering.

4. The X-ray unit is ready to work when the buttons X-ray ON and X-ray OFF are available. There are two hardware status lines in the left bottom corner of dialog also.

5. In the right bottom corner of dialog exist two indicators of Vacuum Level and Open Door.

6. The current and voltage of X-ray tube are defined by the corresponding sliders.

7. Check Isowatt button for adjusted changes of current and voltage.

8. To switch X-ray ON click the buttons X-ray ON!  or execute the menu commands Tools, X-ray control, X-ray ON (click [image: image154.png]


).

9. To switch OFF the X-ray radiation click the buttons X-ray OFF! or execute the menu commands Tools, X-ray control, X-ray OFF (click [image: image155.png]


).

10. When radiation is ON the dialog shows an actual values of current and voltage from the left side of nominal ones.

11. Because radiation can be switched by buttons [image: image156.png]


and [image: image157.png]


, the dialog can be hidden by a button Close. The standard Close button on the top right corner also closes the X-unit connection with computer. To show again a hidden dialog press button [image: image158.png]


.

FXE-160.51 (FeinFocus)
To set the X-ray parameters and to switch ON or OFF the X-ray radiation use the following commands.

1. Execute menu commands Tools, X-ray control, Setup, or press the button [image: image159.png]


.
2. In this popup dialog press Warm Up button to prepare X-ray tube.

3. Button Start Up compare to Warm Up one includes the setup for focusing and centering.

4. The X-ray unit is ready to work when the buttons X-ray ON and X-ray OFF are available. There are two hardware status lines in the left bottom corner of dialog also.

5. In the top right corner of dialog exist two indicators of Vacuum Level and Open Door. (Green color means all is OK.)

6. X-ray tube focusing (nanofocus, microfocus, High power) is defined the ranges of current and voltage changes. In the automatic mode those ranges are maximal.
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7. The current and voltage of X-ray tube are defined by the corresponding sliders.

8. Check Isowatt button for adjusted changes of current and voltage.

9. To switch X-ray ON click the buttons X-ray ON!  or execute the menu commands Tools, X-ray control, X-ray ON (click [image: image160.png]


).

10. To switch OFF the X-ray radiation click the buttons X-ray OFF! or execute the menu commands Tools, X-ray control, X-ray OFF (click [image: image161.png]


).

11. When radiation is ON the dialog shows an actual values of current and voltage from the left side of nominal ones.

12. Because radiation can be switched by buttons [image: image162.png]


 and [image: image163.png]


 , the dialog can be hidden by a button Hide. The standard Close button on the top right corner also closes the X-unit connection with computer. To show again a hidden dialog press button [image: image164.png]


.

X-ray Unit (TSNK-lab. MIREA)

To set the X-ray parameters and to switch ON or OFF the X-ray radiation use the following commands.
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1. Execute menu commands Tools, X-ray control, Setup, or press the button [image: image165.png]


.
2. In this popup dialog press PC-control of X-ray button to open the serial communication between the X-ray control unit and program.

3. If there is some difficulties with open the communication, this button will be unchecked. In this case, please, select the type of connection and click the button Connection Setup to set the following serial port settings: 115200 bod, 8 bits data, no parity, 1 stop-bit. In case of Ethernet connection IP-address is usually equal to 192.168.0.30.

4. Set parameters and press button Send parameters.

5. To start X-ray radiation press button Switch ON! or execute menu commands Tools, X-ray control, X-ray ON or press the button [image: image166.png]


.

6. To switch OFF the X-ray radiation execute menu commands Tools, X-ray control, X-ray OFF or press the button [image: image167.png]


.
X-ray Unit (Sankt-Peterburg)

To set the X-ray parameters and to switch ON or OFF the X-ray radiation use the following commands.

1. Execute menu commands Tools, X-ray control, Setup, or press the button [image: image168.png]


.
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2. In this popup dialog press PC-control of X-ray button to open the serial communication between the X-ray control unit and program.

3. If there is some difficulties with open the communication, this button will be unchecked. In this case, please, click the button Setup RS-232 to set the following serial port settings: 19200 bod, 8 bits data, parity mark (1), 1 stop-bit.

4. Set parameters and press button Send parameters.

5. To see the working statistics of X-ray unit click Statistics button.

6. To start X-ray radiation press button Switch ON! or execute menu commands Tools, X-ray control, X-ray ON or press the button [image: image169.png]


.

7. To switch OFF the X-ray radiation execute menu commands Tools, X-ray control, X-ray OFF or press the button [image: image170.png]


.

X-ray Unit (Foton, Tomsk)

To set the X-ray parameters and to switch ON or OFF the X-ray radiation use the following commands.

1. Execute menu commands Tools, X-ray control, Setup, or press the button [image: image171.png]


.
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	2. In this popup dialog select a model of X-ray unit from a list. This list has the models which have a corresponding configuration *.RAY files in the program folder.

3. Press Connection button to open the serial communication between the X-ray control unit and program.

4. If there is some difficulties with open the communication, this button will be unchecked. In this case, please, click the button Setup RS-232 to set the following serial port settings: 38400 bod, 8 bits data, no parity control, 1 stop-bit.

5. Set parameters.

6. For RAP200-4D there would be 2 additional parameters: Low Voltage and Low Voltage Impulses.
7. To start X-ray radiation press button Switch ON! or execute menu commands Tools, X-ray control, X-ray ON or click the button [image: image173.png]


.
8. To switch OFF the X-ray radiation execute menu commands Tools, X-ray control, X-ray OFF or click the button [image: image174.png]


.


9. To start training of the X-ray tube one can press Training button
X-ray Focusing Setup
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The focusing system of X-ray unit consists from a computer controlled drive which moves a constant magnet with ring shape. To setup this system one checks button Focusing and press button Setup... in the setup dialog of the corresponding X-ray unit. All focusing parameters are saved in text file Focus.cor as tree columns: first - X-ray tube voltage, second - current [mkA], third - drive dimensionless coordinate. The number of file lines is not fixed.

1. In the popup dialog press button Setup serial port... to define serial communication parameters.

2. Check button Use prefix @, if the corresponding drive is used a new protocol of data transfer.

3. If the previous button is checked then define also one symbol identifier of the serial port.

4. To setup focusing one must select all existing voltages from list one by one.

5. One tunes the values of current and coordinate [impulses] such way that there were sharp images.

6. To estimate sharpness of image one can use menu commands: Tools, Measure, Blur estimation (click [image: image175.png]


).

To define the optimal focus coordinate for the given values of voltage and current automatically one can use the following procedure:

1. Define a start and final focusing coordinates and a number of steps. The final value must be not bigger then maximal drive coordinate, which can be defined by button Maximal coordinate.

2. Check button Calculate the optimal coordinate.

3. Click button Start. The program automatically create a new window with sequence of frames whose correspond to all focusing coordinates (Those coordinates would be shown in a new window title).

4. Also the program automatically estimates the blur of each frame and calculates the coordinate which correspond to the maximal sharpness and add it into the left side table.
Image Visualization Methods

The various images (image sequences) are displayed in separate windows inside the basic window of the program. The internal image data format for visualization is color bitmap 24 bits per pixel. The tool Player allows to control a showing of the various frames from a sequence and their parameters. The name of a current sequence of the frames (or one image) is displayed in title bar of Player. The title bar of window displays number of the frame opening at this moment. It is possible to open new windows for the same sequence to see some frames simultaneously. Moreover it is possible to use 5 alternate methods of visualization in new windows: Scan, Surface, Tomogram, Insight and 3D-view, which parameters are set by the relevant pages of Player.

Half-tone Image

This mode of a displaying is the default; i.e. the first loaded image always is displayed as a raster picture.

To scroll the frames of a current sequence necessary to do commands: Tools, Player, or click the button [image: image176.png]


, or type combination of the keys Ctrl+A.
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	The frame scrolling can be done manually with the help of the slider, or automatically - by pressing of the button Animation. It is possible to set two modes of automatically scrolling of the frames in dialog Options. The relevant buttons of the dialog sets the range and velocity of scrolling.


Frame scrolling is also possible by use the mouse wheel. But if there is Region Of Interest on the image, then to scroll frames one have to press and hold the key Ctrl.

To scroll a visible region of the large image one can use horizontal and vertical scroll bars, or press key Shift and drag image by mouse with the pressed left button.

Surface View
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To display the image as a three-dimensional surface it is necessary to create a window Surface:

1. Show dialog Player by the commands: Tools, Player, or click the button [image: image178.png]


, or click the left mouse button on page Surface.
2. The same effect can be providing with the help of commands: Windows, New Window, Surface view (or button [image: image179.png]


).

3. The scrolling of surfaces is carried out similarly to scrolling of the raster-type images.

4. The parameters of the surface can be changed in Player dialog on the Surface page and are implemented by pressing of Apply button.

5. It is possible to show a subdomain of all surface. For this purpose we set a subdomain in dialog View Options, we click the Use ROI button and then click the Apply button.

6. To select the colors of the text and lines of a surface click Surf. colors button.

7. To cut off a upper part of a surface click the Cut plane button and type its equation.

8. The point of view on a surface varies by two sliders, which located along the lower and right parties of Player.

9. On a surface besides lines of a grid it is possible also to draw level lines if click the Z-contours button and set a range of their change.
10. Check Stereo-vision button to create stereo-images (anaglyph).
Tomogram View

To show of a sequence of the frames as sequential layers of three-dimensional object it is necessary to open Tomogram window:

1. Open Player dialog by commands: Tools, Player, or click the button [image: image180.png]


, or click the left mouse button on page Tomogram.
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	2. It is possible to execute also commands: Windows, New window, Tomogram-view (or button [image: image182.png]


).
3. Select Visualization method: Tomogram (3D).

4. The three-dimensional object is dissected by three planes, perpendicular to cartesian coordinate axises with the help of three sliders X, Y, Z.

5. The point of view on the object varies by two sliders located along the lower and right parties of Player.

6. After removal of a mark from the button Paint all planes over only three secant planes are painted (without lateral areas of object).

7. In this mode it is possible to create "a puff pie" of layers if remove a mark from the button Clean old picture, and moving one of secant planes, and periodically pressing the button Apply.

8. If click the button Show pixel-range and to set them range, on secant planes will be colored only pixels from this range.
9. Check Stereo-vision button to create stereo-images (anaglyph).


Insight View

To display a sequence of the frames as sequential layers of three-dimensional object it is necessary to open Insight window:

1. Open dialog Player by commands: Tools, Player, or click the button [image: image183.png]


, or click the left mouse button on page Insight.
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	2. Alternatively, it is possible to execute commands: Windows, New window, Insight-view (button [image: image185.png]


).

3. Thus the regions of object contain pixels with values from Min up to Max are considered immersing light with a given Transparency coefficient. Other regions are considered as transparent. Therefore three-dimensional object is shown as the shadow image of structure of regions, immersing light. Than more thickness of region immersing light, especially dark it looks.

4. For the black-and-white image, when the given regions immerse light absolute, it is necessary check the button Black & White.

5. If check the button Outer contour and set its sizes, the view only of this part of volume will be shown.

6. The point of view on object varies by two sliders located along the lower and right parties of Player.

7. The shadow method of visualization of interior structure is most effective in a combination with animation movie, in which the point of view on object varies.


8. Check Stereo-vision button to create stereo-images (anaglyph).
3D-View
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To display a sequence of the frames as sequential layers of three-dimensional object one can generate iso-surface into the test object and visualize it in 3D-view window. To do that there must be installed DirectX version 9.0 or higher.

1. Open dialog Player by commands: Tools, Player, or click the button [image: image186.png]


, or click the left mouse button on page 3D-view.

2. Alternatively, it is possible to execute commands: Windows, New window, 3D-view (button [image: image187.png]


).

3. Iso-surface is calculated for the pixel value Max. (Iso-surface calculation for the value Min in this version is not realized).

4. The iso-surface detailing is maximal for render step equal 1 - volume-cells is not merged. Value 6 means that approximate 6 volume-cells is merged into the big one, and iso-surface is not so detailed. It  allow to greatly reduce the number of triangular surface elements and accelerate the surface calculation.

5. If one check button Use Volume Of Interest and define its sizes, then there would be shown only this selected part.

6. The position of point of view is changed by two sliders which placed along the bottom and right sides of Player.

7. Tree upper sliders are change the coordinates of the rotation center relative to the object center.

8. Slider Scale changes the distance from the point of view to the test object.

9. Button White background one can use before printout. Otherwise there is used a black background.

10. Check button Light reflection to show the surface light glares from the light source.

11. Check button Light source move to slow circular movement of the light source around the test object.

12. Button Outer contour to show the external object boundary is not realized in this version.

13. This visualization method can be combined with the movie creation, in which the point of view, or/and scale or/and the selected volume can be changed.

Change Image Scale

To rescaling the image it is possible to take advantage of one of the following methods:

1. On the panel of tools in a window of range [image: image188.png]E|




select one from values of the list, or type new value and click a key Enter.

2. Execute commands: View, View Options... or click the button [image: image189.png]


. In the appeared dialog to set scale factors separately for width and height.

3. In View Options dialog click the button Fit image to window, then the change of the sizes of a window by the mouse automatically changes also scale of the image, and independent for width and for height.

4. To quick select the scale 100% executes commands: View, Actual View or click the button [image: image190.png]


.

The areas of drawing of a surface, tomograph and insight views can be scaled by the same methods. However, the initial size of these areas is set in the Options dialog.

Use Two Displays to Image Scaling

The program can works with two displays to scale the images.

For this work it is necessary:

1. Insert into PC the video-card, which support 2 displays. For example, a video-card Matrox Millennium G450.

2. Connect two displays (or display and TV-set) to the video-card.

3. Install the video-card driver.

4. Click the right mouse button on the desktop. In the appeared dialog select item Properties. In the Display Properties dialog select page Settings, on which press the button Дополнительно. 

5. В появившемся диалоге Свойства дисплея и видео-адаптера выбрать закладку DualHead. На этой закладке выбрать режим DualHead Multi-Display, который использует площадь двух дисплеев как единый рабочий стол.

6. Reboot computer.

When one working with two displays the second one (or on the TV-set) always shows the ROI of the active window on the first display, stretched on the full screen.

Remember, that aspect ration of the most displays (or TV-sets) is equal 4:3, because that to the keep true image proportions on the second display, one have to select a ROI with the same proportions. It can be done, if select ROI by mouse with the pressed Ctrl key. Otherwise the ROI proportions can be arbitrary and the image pixels on a second display will be not squares.

The ROI sizes can be increased or decreased on 2 pixel by the mouse wheel rotations forward or backward. The ROI center is not changed.

Scroll Through a Big Images

For detailed viewing a big images there exist a special mode.
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1. Load a big size image.

2. Execute menu commands Tools, Scroll through image... or press button [image: image191.png]


.

3. In the following dialog define scale of image.

4. Check button On second display, if the second display is connected to the computer. In this case the detailed viewing would be done on the second display, but the first one would show a whole image.

5. Check button Shadow marked parts for shading the looking parts of the image.

6. To change the image regions one can use the navigate buttons in the left bottom corner of the dialog. The image regions are numerated consecutive from the left to the right and from the bottom to the top. The current region number is shown in the right bottom corner of the dialog.

7. If the current image region is tested, it can be marked as ready one by button Done!. During that the next image region becomes the current one automatically. To remove the mark one can use repeated click on button Done!.

8. When the last image region is ready there would be a special warning on the screen.

The scroll mode can be used together with the mode of dynamic comparison of two images. To do that:

1. Load two images.
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2. Show Image fitting dialog by menu commands: Tools, Fitting... or press button [image: image192.png]


.

3. There would be the dialog for superposition of the orthogonal transformed superposed image on the current image. The last active image becomes superposed.

4. To select the current image, simply click left mouse button on it and select the region to compare.

5. Check button Start to begin the process of alternative show the superposed and the current images.

6. Define the coefficients of transformation of the superposed image for the coincidence both images.

7. Uncheck button Star to stop comparison.

8. Execute items 2-6 of the previous process to show the Scroll dialog.

9. Check button Start to begin the process of alternative show the superposed and the current images in the selected region of the current image.

10. The navigation buttons of dialog change the selected region of the current image and the comparison is continued on another part of image.

11. When all regions are tested uncheck button Start and close the Image fitting dialog.

Use Pseudo-colors Palettes

The program has 13 predetermined palettes of colors.

1. The default palette is the palette from 256-halftones grey, which is usually applied to a showing of radiograph. To featuring the infrared images palettes pseudo-color frequently are used.

2. The change of the palette is fulfilled by commands: View, Palette, Palette, clicking of buttons:
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.

3. It is necessary to mean, that at a loading of the color images (BMP, DICOM, GIF, JPEG, PCX, TIFF-formats, 8 or 24 bits for pixel) the RGB color components for each pixel are saved, and brightness of pixels is calculated in correspondence with Options dialog parameter Color transformation: Brightness, Hue, Saturation, Red, Green, Blue.
4. To return original color distribution (8 or 24 bits per pixel) one can use menu command: View, Palettes, Original or press button [image: image206.png]


.

5. To save current 256 color palette in a PAL-file (compatible with a format Adobe Photo Shop) or COL-file, execute commands: View, Palette, Load... or click the button [image: image207.png]


.

6. For select and load PAL-file or COL-file with 256 colors palette execute commands: View, Palette, Save... or click the button [image: image208.png]


.

Use <LookUp and Histogram> tool

The details of the image latent because of small contrast can be made visual with by the help of operations with LookUp table.

1. For open the LookUp-table menu execute commands: View, LUT or click the button [image: image209.png]


, or type a combination of keys Ctrl+U.
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2. The black color here shows a histogram for the current frame, and magenta - diagram of transformation 4096 tons in 256 visual colors of a current palette. In an example is shown, that 256 colors or halftones of the display are used for a showing of intensities from a range from 433 up to 1749. It improves contrast in the given range and erases all details outside of this range.

3. To select the range move it by mouse with the pressed left button, or input the values of low and upper boundaries of the range and press the button Range.

4. In the top right corner of this dialog is shown how many percents of the all pixels from ROI are in the selected range of brightness. Evidently the less selected range and the more this percent, the better visual perception of the current image (its dynamical range).
5. Button Reset restores the full brightness range.

6. Button Auto selects low and upper boundaries of brightness automatically to show LUT auto-range from Options dialog

7. The checked button from the left of Auto means that after select a new ROI of image there is a automatic calculation of the optimal brightness range.

8. There exist different types of brightness transformations:

Linear - usual linear transformation of brightness;

Gamma enhances the contrast for the darker parts of images, by the power transformation (with Alpha coefficient);

Inverse gamma enhances the contrast for the lighter parts of images;

Contrast gives the optimal contrast by using the integrated histogram. Sometimes the result can be very noisy and not so natural.
9. Button Negative – invert the current transformation.
Use <Color Table> tool

1. To change allocation of colors in a current palette use the tool Color Table, which displayed with the help of commands: View, Color Table..., click the button [image: image210.png]


, or type combination of keys CTRL+L.

2. To see current transformation of colors - merely move by the mouse in a central or lower window. Thus in a right window you will see the current number of color, and in the left lower window - relevant number of color in a palette (both values are mapped by red color). The initial color scale is shown in the left-hand vertical window, and used scale - in the lower horizontal window.

3. The button Linear picks the linear table of colors. For this table type you should enter values for the lower and upper color in the left-hand and right lower windows, and then click with the mouse on this button

4. The button Contrast selects the color table relevant to integrated global histogram. Such table of colors gives the peak contrast for all parts of the image.

5. Button User table selects the table, assigned to the user, of colors. In this mode you have following opportunities:
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6. Draw your own table, having pressed the left mouse button and moving it.

7. Select one from the beforehand given tables:

Arcs - table as an arc of a circle,

Steps - table as steps,

Saw - table as tooth of a saw,

Isolines - table as separate peaks.

8. You can execute with the table the following activities:

Copy - to copy current color table into the interior buffer.

Insert - to take the color table from the interior buffer.

Save - to save the table of colors in a file (*.CLR).
Open - to load the table of colors from a file (*.CLR).

9. You can execute operation with the table:

Standard - gives the linear (identical) table of colors,

Negative - creates a negative of the current table of colors,

Logarithm - applies logarithmic function to the current table of colors,

Minimum - takes a minimum from two tables: current and saved in the interior buffer,
Maximum - takes a maximum from two tables,
Multiplication - functional multiplication of two tables.
Image Sewing from Frames

The program allows to make big image from great number of small one. And the small images can beforehand be cut off. The necessity for such operation arises after use of the equipment for scanning extended objects.

1. For piece together of the image from the frames execute commands: View, Frame Gallery... or click the button [image: image211.png]


.

2. Type the number of Frames in line of the new big image.
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3. Select Cutted region and its Start. Only these areas from each frame make of the new image.

4. Select one from three of methods to display the frames.

5. During displaying of the frames Line by line all lines of the new image are made from left to right from the frame in ascending order of their numbers.

6. During show of the frame Like snake even lines of the new image are made from the frame in decreasing order.

7. During show of the frame an Mixture all columns of the new image are made from above downwards of the frame in ascending order of their numbers.

8. Check button Keep galery border if you don't want remove the external cutted parts of frames.

9. For return to usual mode of show of the frame (without a "gluing" together) again execute items 1 and 2, but it is necessary to set number of the Frames in a line 0.

The program has two opportunities of the "gluing" together of the frames, but they concern more to numeral processing, than to visualization. The first is Image Gluing, and the second - average with horizontal shift.
Create Stereo Images
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A. To create stereo images by anaglyph method (for red-cyan glasses) from two images for left and right eyes one can use menu commands Tools, Stereo-Image or press button [image: image212.png]


.

1. In popup dialog one can select images for left and right eyes (Left frame and Right frame). 

2. Define horizontal and vertical shifts of right eye image relative to left eye one.

3. Press button Apply. 

4. There would be a new window with anaglyph image, created from bitmaps of left and right frames. Operations 2-3 can be repeated to adjust the suitable shifts. During this adjusting the old window would be replaced by new one.

B. Also automatic creation of stereo-images was realized for visualization methods Surface, Tomo and Insight. On the corresponding pages of player one can check Stereo-vision button and press Paint button. The images for left and right eyes are different by rotation angle about vertical axis only. The angular difference is defined as Angle for stereo in Options dialog.

Measurements

Calibration of the Pixel Values, Length, Time and Angles

1. The menuitem Calibration is used for calibration of measurement values. It is appear with the help of commands: Tools, Measure, Calibration..., or click the button [image: image213.png]


.
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	2. This Pixels - page sets a range of pixel values.
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	3. The Length - page sets the units and a range of spatial coordinates, and also their initial values.
Press <From reference point> button to set the coordinate frame origin to reference point.

	[image: image216.png]scales
8 it | B Lengh @ Time | 5 angis|

Start Scale Measuement Uit

= L=






	4. The Time page sets of unit and time scale.
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	5. The Angles - page sets the unit and a range of angles. If it is marked the button other, then it is necessary to type a title of measurement unit of angles and number of such units in a full circle (how many such units are necessary on 360°).

6. Those calibration information can be saved in INF-file by click button Save... and can be loaded by button Load....


If in Options dialog button Create info for saved files is checked, then when one save an image its calibration information automatically saved in a file with the same name but with extension INF. Later during this image loading its calibration data is loaded also.

Length Calibration by Standard

Alternatively, if there is an standard of known length on the image, then it is possible to use calibration of spatial coordinates with the help of this standard.  It will start on commands: Tools, Measure, Standard or click the button [image: image218.png]


.
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	It is necessary click the left mouse button at first on one end of the standard, and then on the other, then appear a following dialog, in which are set length of the standard in new units and name of these units.


Pixel Value Measurement

It is necessary to include a measurement mode for measuring values and coordinates of pixels by commands: Tools, Measure, or click the button [image: image220.png]


, or combination of keys CTRL+M. Then the windows will appear in a status line more to the left of the indicator of time, which showing current coordinates of the cursor and value pixels in a point of the cursor. The cursor can be moved and with the help of the keyboard too. To cancel of measuring mode once again execute the same commands, or depress the mouse button.

Pixel Values along Lines (Scans)

The Scan page in Player serves for a displaying of allocation of pixel values along horizontal, vertical, arbitrary - oriented of lines, along circles and along a time axis.

1. Open Player by commands: Tools, Player, or click the button [image: image221.png]


or combination of keys Ctrl+A. Click a Scan - page, to activate the Scan-page.

2. Select Scan type and to begin to move the mouse with the pressed left button along the chosen image.

3. The type - Horizontal: switch on a mode of scanning along a horizontal line of the image.

4. The type - Vertical: switch on a mode of scanning along a vertical of the image.
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5. The type - Arbitrary: switch on a mode of scanning lengthways of arbitrary oriented line of the image.

6. The type - Depth: switch on a mode of scanning on time in a point of the cursor. This mode shows, how varies the value of pixel in a given point of the image

In this mode you also can spot a reference point on the image. When such point is spotted, the difference between time dependence of a current point and reference point is shown.

7. The type of a Circle - switch on a mode of scanning along an arc of a circle with center in a reference point.

8. The change of scan-lines on the different frames is possible is seen in a hand-operated mode - move upper slider, and in automatically one - click Animate button.

9. The scan diagram can be smoothed with the help of Smooth buttons, which set number of serial smoothings of scan by the formula: Fknew = (Fk-1 + Fk + Fk+1)/3.

10. The scan diagram is possible average and on space in a direction a perpendicular line, for which it is calculated. So if to set Smooth equal to three, for horizontal scan it means, that each point scan is obtained by an average of three quantities: the pixel values are higher a scan-line and values in next pixels and below it.

11. If click the button FFT (Fast Fourier Transformation), instead of the scan diagram the diagram of its distribution of frequencies is drawn.

12. During move of the mouse inside a scan-window the red and dark blue color shows current co-ordinates of the cursor in this window. And during move of the cursor in a window of the image (together with scan) the red color shows medial value on scan, and dark blue - peak diversion from this medial.

13. Clicking Fix button displays the current image scan by different colors.

14. Clicking Export button save values along scan as the two-column textual table of Microsoft Excel (XLS-file).

15. Clicking Clipboard button copy current scan into the Clipboard as a Windows meta-file.

16. The image of scan can be enlarged by selection of a subdomain, which interesting for you. It can be made by the mouse with the pressed left button or open special menu by clicking of the right mouse button.

17. The zoomed scan image can be shifted by left mouse button with pressed key Shift.

Image Distance Measurement

1. It is necessary to switch on measuring mode for measuring distances by commands: Tools, Measure, Distance & Area, or click the button [image: image222.png]


, or combination of keys CTRL+M.

2. Then it is necessary click the left mouse button on the first point of the image, depress the button and move the cursor to other point. Notice that in a status line will appear the window L:, showing current distance from the first point up to the cursor.

3. To select a new index point - click the right mouse button and execute item 2.

4. For cancel the measuring mode execute item 1.

Minimal, Mean, Maximal and Dispersion Pixel Value Measurements For the Rectangular Region

To set measurement mode in selected rectangular region one can execute menu commands Tools, Options... and in the appeared dialog check button Statistics for ROI.

To start measurements select by mouse with pressed left button the rectangular region of image. Statistics for this region would be shown in the status bar. This selected region can be shifted when the left mouse button is pressed within the region. The sizes of selected region can be defined in View Options dialog available by menu commands: View, View Options... or by click button [image: image223.png]


.

Perimeter, Square, Minimal, Mean and Maximal Pixel Value Measurements

The program allows make measurements for polygonal areas. Maximum and minimum values are calculated only for convex areas.

1. It is necessary to switch on measuring mode for measuring distances by commands: click Tools, Measure, Distance & Area, or click the button [image: image224.png]


, or combination of keys CTRL+M.

2. Then to determine points of polygonal area, serial clicking the left mouse button in each point.
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3. Notice that in a status line will appear the window L:, displaying current value of perimeter, and window S:, and windows Min, Max, Mean, showing the values of square, minimum, maximal and mean for the area.

4. To begin measuring new area click the right mouse button and execute items 2-3.

5. To cancel the measuring mode execute item 1.
Measure a Percent of Pixels From Defined Brightness Range in Rectangular Region
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To define a range of pixels there is used a following dialog acceptable by menu command: Process, Binarization or press button [image: image226.png]


.

The measurements is similar to that is defined in previous chapter. The measured value is shown in percent in the last position of status bar.
Reference Point Definition

The reference point is used to create a timegram or scan along a circle on Scan-page of Player.

1. For switch on mode to set on the image a reference point: click Tools, Measure, Reference Point, or click the button [image: image227.png]


.

2. Click the left mouse button on the image. If the place of the point does not fit you, then the cursor can be moved to other place and again to click the left mouse button.

3. For cancel the measuring mode execute item.
Cartesian Coordinates Measure
[image: image428.png]


To measure the coordinates of large number of points and inserts the coordinates to a text table automatically one can use a dialog, generated by menu commands: Tools, Measure, Coordinates or press button  [image: image228.png]


.

1. Check button of Reference and select its position on image by press left mouse button. The frame origin would be moved to this point automatically.

2. Check button of Measurement and select its position on image by press left mouse button. The Cartesian coordinates of the new point would be added to a table. On image the point is marked by a yellow point with number. One can set up to 99 points.

3. To delete selected point from table press button Delete.

4. To delete all points from table press button Delete all.

5. To save the table of Cartesian coordinates of points in a text file press button Save. There would be a dialog to browse a filename.
Calculation of 3D Coordinates of points for projections from XRD-folder
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To measure the 3D-coordinates by different projection images from XRD-folder one can use a dialog, generated by menu commands: Tools, Measure, 3D-Coordinates or press button [image: image229.png]


. After that software load the coordinates of detectors and X-ray sources from text files: left.txt, fin.txt, additional.txt and source.txt, correspondingly. These files would be in the same folder as DIADA.EXE.

1. Load 2 projections from XRD-folder (as minimum).

2. Check button of Point 1 and select the same test object point on each projection by left mouse button. The point would be marked by corresponding mark and its 3D-coordinates would be in a first line of dialog.

In common case the point on a projection define a line in 3D-space. Because we have maximum 3 projections, the lines would be also 3. For each pair of lines program calculate a minimum distance between lines and a point which is more  close to these lines. The dialog shows a minimum distance for all possible pair of lines and the corresponding coordinates.

3. The information about movement direction and its speed is read from a header of XRD-file. It can be changed in the corresponding fields of dialog.

4. Totally one can calculate coordinates of 4 points, select the point number in the left side of dialog.

5. To delete all on projection images and from table press button Clean.

Set Marks on Image

The program allows to set on the images up to four (or 14) marks. Three marks are normally used for realization of Affin transformation. Two or four marks are necessary for realization of reconstruction by a method Tomosyntez. 14 marks are used for IRTIS transformation.

1. It is necessary to set of marks: click Tools, Measure, Set Marks... or click button [image: image230.png]


.

2. In the appeared dialog select number of marks: 4 or 14

3. Check the button Mark 1.

4. Click the left mouse button on the image above the first mark or input its coordinates by hands.
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5. Do items 3-4 for a mark 2 (if it is required and for mark 3).

6. Pass to the next frame with the help of slider in the bottom of dialog and to do items 3-5 for all frames of a sequence.

7. Button Find searches the center of mass of most black pixels of the selected region of image automatically. This center becomes the current mark.

8. Button Find All define more exactly the coordinates of all marks by search the centers of mass of the most black pixels of the selected regions around each mark. Size of the all regions is equal to the size of selected one.

9. During arrangement of marks the image is possible to contrast and to change its scale.

10. The coordinates of all marks can be saved in a file, and then quickly loaded from it.

11. Exit dialog to set of marks.

Measurement angles and conjective distances

To measure angles and distances between the conjugate points on the angle sides:

1. Execute commands: Tools, Measure, Angles... or click the button [image: image231.png]


.
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2. Check the button Circle center to define a circle center on the image.

3. Check the button Circumferencial points to define a circle center by the points (from 3 to 20) on circumference. Mark those points by the left mouse button and press OK.

4. Check the button Fixed line to define a reference line direction.

5. Check the button Rotated line to define a rotated line direction. The angles are measured from fixed line to this one in the clockwise direction.

6. Check the button Conjugate points to calculate distance between the conjugate points on fixed and rotated lines. Press left mouse button on image - program calculate the conjugate points: the points of intersection of perpendicular to the rotated line, which go through the mouse defined point. If the fixed and rotated lines are perpendicular, then it is impossible define the conjugate points.
7. To show or hide the fixed and rotated lines use the buttons from Show group.

8. To rotate the rotated line type the angle value in the edit-window and press Enter key.

To record the measured angles or distances to a table:

1. Click the button Write to table.

[image: image432.png]


2. Check the button Rotated line or Conjugate points to record the angles or the conjugate points distances, correspondingly.

3. Press left mouse button to define the angle or the conjugate points, the corresponding value would be recorded to the table. The table can contain up to 20 values.

4. The Clean button deletes all recorded values from the table and hide the empty table.

5. The Paste button paste all recorded values to the clipboard as text and draw it in the left upper corner of the active window. To change the position of this text one can use the Drawbar tool.

Brightness Table
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To calibrate the dual energy method there are used stepped standards from metal and organic materials. They have shapes of con-centric rings or parallel stepped surface. To define automatically the mean brightness of each region of standard with the constant thickness one can apply tool Brightness Table.

1. Load an image of standard.

2. Execute menu commands: Tools, Measure, Brightness Table or press button [image: image232.png]


.

3. Select shape of standard.

4. For the rectangular steps shape before item 3 execution one must select by mouse the rectangular region around the standard.

5. For the con-centric rings shape define the reference point - the standard's center. Internal (R0) and external (R1) radiuses and reference angle from which the number of columns are counted off.

6. Define number of lines and columns in the brightness table.

7. Iterative define the gaps: height and width between lines and columns, correspondingly.

8. Click OK. The resulting brightness matrix is saved in the browsed text file.
Sharpness Estimation

During optical system installation for sharpness the useful tool is the numerical estimation of the image sharpness.

1. Select rectangular region of image, where one want define the sharpness.

2. Execute menu commands Tools, Measure, Blur estimation... or click button [image: image233.png]


.

3. In the appeared box there would be the value of sharpness. As this value bigger, as image is more sharp.

Estimation of Scattered Radiation
As a rule, the scattered radiation is shown as random bright white points on image. Because that to estimate the scattered radiation there is used percent of white pixels.

1. Select rectangular region of image, where one want estimate scattered radiation.

2. Execute menu commands Tools, Measure, Estimation of scattered radiation.

3. In the appeared box there would be the estimation of scattered radiation. If this value bigger, then there is more scattered radiation.
Detector Persistence

To estimate the detector persistence there was created hardware with the special version of TSNK-camera to acquire 128 lines from 128 detectors. At first the camera saves 4 lines of black, then switch ON X-ray and after its stabilization save also 4 lines of white. Later the camera switch OFF X-ray and save 120 lines with exposure time 10 ms.
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1. Insert modules of detectors into the corresponding slots.

2. Execute menu commands Tools, Measurement, Detector Persistence.

3. In the appeared dialog select the number of detectors in one module.

4. Check the used modules.

5. Define time after X-ray stop, when the persistence must be measured.

6. Define a text of comment for measurement.

7. Press button Test detectors.

8. On screen there would be a text file with the measurement results for each detector and module.
Measure Diameters of Micro Fuel Element
To measure diameters of micro fuel element layers one have to load an image acquired by Steiger hardware, and select region (ROI) for measurements.

1. Execute menu commands: Tools, Measure, Micro Fuel Compacts or press button [image: image234.png]


.

2. In the appeared dialog one can press button Setup to show a hidden part of this dialog.

3. Button Measure Diameters start calculation of sample's center and its layer's diameters automatically. The process of execution is mapped by the corresponding progress bar. At finish there is shown a Notepad with the table of measured values. (The table is shown at the end of this chapter.)

4. The number of diameters to calculate is defined from the right of this button. As a rule, the only three diameters of the most sharp boundaries are calculated stably. If there is loaded an image sequence (SET-file), then the measurements would be executed for all frames (if there is no an selected frame range).
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5. The checked button Show Filtering means that you can see a digitally processed image instead original one.

6. To define other boundaries of the current sample one can check button Measure Manually.

7. Then press left mouse button on the measured boundary and set up to 50 marks on it. After add a new mark program calculate mean, minimal, maximal diameters, and also ellipticity (ratio of maximal diameter to minimal one) automatically.

8. To insert the new measured values into the table press button To Clipboard, and then activate Notepad software and insert (Ctrl+C) the new text line to the table.

9. To start measurement of a new boundary press button Measure Manually twice.

10. Button Calculate Center find a center of the most darkest part of ROI. (This is the first operation which is performed automatically after press button Measure Diameters.)

11. Button Digital Filtering do digital image processing to emphasis the boundaries of sample's layers. The filter sizes are defined from the right of this button.

12. The measurement unit is shown from the right of button Measure Manually by green color.

Below there is a table of automatic measurement of 3 diameters:

 Measurement unit: pixel

 Number of sample: 1

___________________________________________________________
| N\Diameter|    Mean   |  Minimal  |  Maximal  | Ellipticity  |  Thickness       |
___________________________________________________________
|        1         |    780.4   |     766.2   |     796.3   |    1.039    |       390.2         |
___________________________________________________________
|        2         |   1452.6  |   1397.2   |   1499.4   |    1.073    |       336.1         |
___________________________________________________________
|        3         |   1661.1  |   1595.5   |   1715.7   |    1.075    |       104.7         |
___________________________________________________________
Digital Image Processing

The program has many digital filters and processing methods for improving the quality of the images and noise reduction.

Region Of Interest Selection

Normally operations and filters are applied to all pixels of the frame and to all frames of a sequence.

1. If you want processing only part of the frames, you can take advantage of spin-buttons of Player. It is used for setting of the first and last frame of a range.

2. If you have to process only a part of the frame, you can select this part with the help of the mouse with the pressed left button.

If at that time fix the key Shift, then a selected region has always proportion of the length to the height equal 4:3. It is helpful when the computer is connected to 2 displays and on second one is shown a ROI stretched on full screen.

3. After ROI selection its width and height can be changed on 2 pixels by the mouse wheel. A center of ROI is fixed during this resizing.

4. More precisely working part of the frame can be selected in dialog View Options.

Image Editing

Image Resize
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	1. Execute commands: Edit, Transformation, Resample... or click the button [image: image236.png]


.

2. Check the button Save aspect ratio to keep the initial proportions of the image.

3. Check the button Interpolate to use the bilinear interpolation at image increasing and average at its decreasing.

4. Set the new sizes and click OK.


Change the Number and Order of Frames

The operations with change the number of the frames are described in this section work with the complete frames, instead of their parts, even if these parts are chosen.

À) To add the frames at the end of a current sequence of the frames:
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1. Load the sequence, which frames should be added.

2. Execute commands:Edit, Frames, Add... or click the button [image: image237.png]


.

3. Select the name of window with the frames, which will be added at the end of a frame sequence from an active window, click OK.

B) To delete of the frames from a current sequence of the frames:

1. Execute commands: Tools, Player or click the button [image: image238.png]


or key combination Ctrl+A.

2. Select a range of the deleted frames. If it is necessary to delete one frame - make it current.

3. Execute commands: Edit, Frames, Delete... or click the button [image: image239.png]



C) To add frames of one sequence between the frames of the second sequence, through one:
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	1. Load both sequences.

2. Execute commands: Edit, Frames, Mix... or click the button [image: image241.png]


.

3. Select names of windows with the frames, which should be mixed, then press OK.


D) For a clipping each "N"- frame from a current sequence of the frames:

1. Make a sequence of the frames current.
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2. Execute commands: Edit, Frames, Select... or click the button [image: image242.png]


.

3. Type the number of the starting frame and which frame to cut out. Press OK.

E) To invert the order of selected range of frames:

1. Select frames to invert order by Player or View parameters dialog.

2. Execute commands: Edit, Frames, Invert or press button [image: image243.png]


.

The first selected frame would be last one and the last - first. The second frame becomes next to last and so on.

Image Crop

1. Select cut out area of the image by the mouse with the pressed left button.

2. It is possible to execute also commands: View, View options or click the button [image: image244.png]


. Set cut out area in the appeared dialog, then press OK.

3. Execute commands: Edit, Frames, Crop or click the button [image: image245.png]


.

Image Gluing

A) To glue two frames:
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	1. Load both images.

2. Execute commands: Edit, Frames, Gluing... or click the button [image: image247.png]


.

3. Select names of windows with the gluing frames.

4. Select type of gluing the frames: in horizontal direction or in vertical direction.

5. Click OK.


B) To glue all frames as gallery:
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1. Load image sequence.

2. Execute menu commands: Edit, Frames, Glue Like Gallery... or press button [image: image248.png]


.

3. In the following dialog set the number of frames in line of the compound image.

4. Set cutted region.

5. Set the order of frame's joining:

Like snake - even lines of the new image are made from the frame in decreasing order and odd lines - vice versa.

Line by line - all lines of the new image are made from left to right from the frame in ascending order of their numbers.

Mixture - all columns of the new image are made from above downwards of the frame in ascending order of their numbers.

6. Check button Keep gallery border, if you don't want remove cutted parts on the outside boundaries.

7. Click OK.

C) Besides those glues there is exist Correction and Join of Images for Multi-camera Systems (with optical distortion correction).

Erase Image Region
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1. Execute commands: Edit, Erase, Erase Value... or click the button [image: image249.png]


.

2. Type pixel value  for clearing. Press OK.

3. Select erased area of the image by the mouse with the pressed left button.

4. It is possible also to execute commands: View, View Options or click the button [image: image250.png]


. Set cut out area in the appeared menu , then click OK.

5. To clean area execute commands: Edit, Erase, Erase or click the button [image: image251.png]


or key Delete.
Pixel Values Scaling

Interior data format of the program - is a integer values from 0 up to 65535 (16 bits). To show pixel values in arbitrary ranges the scale factors are used (the linear transformation is fulfilled). They can be different for different images. Accordingly, color scale for the different images - is different. For making of the images to one color scale it is possible to execute the following commands:
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1. Set boundaries of a blanket scale of pixel values - minimum and maximal values. It can be made having seen minimum and maximum values for each of the images in Calibration.

2. Execute commands: Process, Unary Operations, Scaling Values.

3. Set the values, which found in item 1, in dialog and click OK.

4. Repeat items 2-3 to all images, which should be given in a uniform scale of pixel values.
Swap Bytes

If the image was created on Macintosh, then high and low bytes of each pixel can be swapped. To swap they back use a menu commands Process, Unary Operations, Swap Bytes or click button [image: image252.png]


.

Image lines edit

Exchange odd and even lines

To exchange even and odd lines of image one must execute menu commands: Edit, Lines, Exchange lines or press button [image: image253.png]


.

Shift odd lines
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	To shift odd lines execute menu commands: Edit, Lines, Shift odd lines or press button [image: image255.png]


. This operation is helpful if the image lines were acquired by probe which are scanning in lines direction and there is exist some mechanical gap odd lines relative even ones.


Inverse odd lines

To inverse the odd lines of image execute menu commands: Edit, Lines, Inverse odd lines or press button [image: image256.png]


.

This operation is helpful if the image lines were acquired by probe which are scanning odd and even lines in opposite directions.

Sum lines
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	To sum image lines with its vertical extension and shift one can execute menu commands: Edit, Lines, Sum lines. The operation is useful to increase the resolution of images produced by linear detectors. It increases number of lines and makes sum of those lines with a vertical shift.


Exchange half-frames

To exchange half-frames of image execute menu commands: Edit, Lines, Exchange half-frames or press button [image: image258.png]


. This operation can be applied to TV-images, where even and odd lines are saved as separate half-frames. This operation has inverse one - Combine 2 half-frames.
Combine 2 half-frames

To combine 2 half-frames from odd and even lines of image execute menu commands: Edit, Lines, Combine 2 half-frames or press button [image: image259.png]


. This operation can be applied to TV-images, where even and odd lines are saved as separate half-frames. This operation has inverse one - Exchange half-frames.

Image Transformations

Image Rotation

To rotate the image on 90° counter-clockwise concerning its center execute commands: Edit, Transform, Rotate, 90° CCW or click the button [image: image260.png]


.

To rotate the image on 90° clockwise concerning its center execute commands: Edit, Transform, Rotate, 90° CW or click the button [image: image261.png]


.

To rotate the image on 180° concerning its center execute commands: Edit, Transform, Rotate, 180° or click the button [image: image262.png]


.

For an image rotation on an arbitrary angle:
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	1. Set values, with which the empty areas on a tilted picture, will be filled with the help of commands: Edit, Erase, Erase Value....

2. Execute commands: Edit, Transform, Rotate, Angle... or click the button [image: image264.png]


.

3. Set quantity of a angle in dialog and direction of rotation. Click OK.


Mirror Transformation

For Mirror transformation of the image with change by places of the left-hand and right sides, execute commands: Edit, Transform, Rotate, Flip Horizontal or click the button [image: image265.png]


.

For Mirror transformation of the image with change by places of the upper and lower sides execute commands: Edit, Transform, Rotate, Flip Vertical or click the button [image: image266.png]



Orthogonal Transformation

The orthogonal transformation fulfills simultaneously shift, scaling and rotation of the image. Since the transformation is fulfilled in three dimensions, it is possible, for example to change by places time (axis Z) and spatial axes.
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	1. Set values, with which the empty areas on the conversed image will be filled by commands: Edit, Erase, Erase Value....

2. Execute commands: Edit, Transform, Orthogonal... or click the button [image: image268.png]


.

3. Set shifts, scale and angles of rotation in dialog.

4. Set the new three-dimensional sizes of a sequence of the images.

5. Click OK.


Affin Transformation
The Affin transformation combines three marks of one image with the relevant marks of the base image. This operation need for making different the frames to uniform scale.

1. Set values, with which the empty areas on the conversed image will be filled by commands: Edit, Erase, Erase Value....

2. Load both images.
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3. Place till 3 marks on everyone.

4. Activate base image.

5. Execute commands: Edit, Transform, Аffin... or click the button [image: image269.png]


.

6. Press Get from window button to read the coordinates of 3 marks of the base image into the corresponding fields. Close the dialog, without pressing the button OK.

7. Make active that image, which marks should be combined with marks of base image.

8. Execute item 5. During this operation the coordinates of 3 marks of the active image(s) are wrote only to the corresponding fields.

9. Click OK.

Transformation <Fish Eye>

It makes a cushioning correction of image. Can be done for the brightness values only without geometric transformations.

1.Execute menu commands: Edit, Transform, <Fish-Eye> or press button [image: image270.png]


.

	[image: image271.png]Corre:

Eye:

Coordinstes ofceter
# 20 e Radius [500

¥ Transtom only image brighiness.





	2. Define coordinates of center of transformation [pixels]

3. Define radius of transformation [pixels]. The radius must be bigger then maximal distance from the transformation center to the image boundary.

4. Check button Transform only image brightness if you want modify the brightness only.


Trapezoid transformation

It makes compensation of the keystone and semirevolving distortions of image.
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	1. Execute menu commands: Edit, Transform, Trapezoid... or press button [image: image273.png]


.

2. Define a keystones dx and dy for top - bottom and left - right pairs of image sides.

3. Define a semirevolving distortions X and Y for the corresponding pairs of sides

4. Click OK.


Logarithm of Fourier Spectrum

To get the Fourier logarithm of a spectrum of the chosen area execute commands: Process, Log of Fourier Spectrum or click the button [image: image274.png]


. The new window with the spectrum will appear.

Background Correction

Subtract Background Image

For subtraction of the background image from a sequence of the frames:

1. Load the background frame and sequence of the frames.

2. Add the background frame at the end of a sequence of the frames.

3. Make last frame current.

4. Execute commands: Process, Time Operations, Difference or click the button [image: image275.png]


.

5. Now last frame has zero luminosity - becomes black. If it is necessary this frame can be deleted from a sequence.

Subtract Calculated (Linear or Quadric) Background

If you haven't the background image, then program can calculate it by a method of least squares and subtract from an original image.

1. If the background will be calculated not on all area, but on its ROI (region of interest), it is necessary to select this ROI by the mouse with the pressed left button, or with the help of commands: View, View Options or click the button [image: image276.png]


. (In the appeared dialog to set "cut out" area and click OK.

2. To delete a linear background (z = A+Bx+Cy) execute commands: Process, Correct Background, Linear or click the button [image: image277.png]


.

3. To delete a quadric background (z = A+Bx+Cy+Dx2+Exy+Fy2) execute commands: Process, Correct Background, Quadric or click the button [image: image278.png]


.

4. If on the image the ROI was selected, the question will be: Do you need applying this operation to the image or only to its ROI?

Black & White Correction

To correct image by black and white calibration images:

1. Load image.
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	2. Execute menu commands: Process, Correct Background, Black & White... or press button [image: image280.png]


.
3. In the popup dialog press button Black... and select a file with black calibration image.

4. Press button White... and select a file with white calibration image.

5. Click OK.


Image Equalization

The operation of the image equalization has the same functions, as subtraction of a background.

For example, equalization along horizontal lines means, that mean value and dispersion along any horizontal line of the new image become constant and are equal to given values. A deficiency in this case, is that the transformation will remove horizontal lines on the image. But then it is possible to use equalization along slanting lines, or eight-finger crosses.
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	For realization of equalization:

1. Execute commands: Process, Correct Background, Equalization.

2. In the dialog select a type Equalization for. For equalization along lines enter value of a slope angle of lines.

3. Set new values Mean and Dispersion.

4. Click OK.

See also Filters of the background equalization.


Clahe Method
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	To equalize an image by Clahe method:

1. Load image.

2. Execute menu commands Process, Correct Background, Clahe Method...

3. In the popup dialog select Contrast and "Dynamic Range".

4. Define the numbers of Contextual Regions on X and on Y.

5. Press OK.


Correction of the Linear Detector Images

The images produced by linear detector are characterized by horizontal strips due to individual differences of gain and offset of ADC for each detector.

A) The first correction method assumes that on image there are a region corresponding to dark signals of each detector (dark columns), and/or a region without test object (white columns).

1. On image select dark columns by rectangular region. The height of region is not important, because the mean dark values would be calculated for all lines.

2. Execute menu commands Process, Unary Operations, Calibration Lines/Columns...
3. Select type of calibration Black.

4. If it is need, correct the selected column's range.

5. Click OK.
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	6. Repeat the same procedure for white columns, if they are on image. The order is important there - at first there must be black calibration (subtraction), and then - a white calibration.
7. If each vertical line is corresponded to one detector then select radio-button Column instead Line.


B) The second method does not assume presence of any calibration information on image. It reduces a vertical gradient of image by a least square method. To apply second method executes menu commands Process, Unary Operations, Vertical Gradient Minimum.

C) The third method assumes that image is uniformly for brightness - the mean brightness of each line is approximate a constant. In this case one can use Background correction filters, namely line equalization.
The linear detector can has defect detectors, which produce on image horizontal lines with constant brightness. To remove those lines create a list of those points and write it to a text file. Each line of this file has 2 integer numbers: first one is a vertical coordinate of the defect region, second one is its height.
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The execute menu commands: Process, Unary Operations, Mask lines from list... and select a filename. Lines are masked by linear interpolation methods.
Correction of Blur

This filter corrects a vertical blur of the images incipient because of duration of transfer of picture lines from the camera <Silar> at a not closed shutter, when the image upper lines is superimposed on underlying one.

It fulfills nonlinear transformation of brightness along columns of the image.

For realization this filter:
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1. Execute commands: Process, Filters, Unary Operations, Blur Correction.

2. Set Coefficient of correction - scale factor of superimposition of the upper lines on lower. The more blur, the more should be this coefficient.

3. Click OK.

PaxScan Corrections
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	This correction uses a dialog to setup PaxScan 4030 to correct images with sizes 2304x3200.


Optic Distortion Corrections

To correct a optical distortions there is used a reference points method:

1. One makes image of some sample with rectangular grid of points.

2. Then you recognize coordinates of mass centers of the points automatically, and this coordinates are saved in template file.

3. The template is used to correct an image by affin transformation of each triangle of image with vertexes in reference points.

Create Optic Correction Template

1. Load image of reference points.

2. Select a rectangular region with those points.

3. Remove background of image.

4. Make an image binarization to extract reference points only.

5. Execute menu commands Process, Unary Operations, Optic Correction, Template....
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6. In the following dialog set the sizes of rectangular grid of reference points.

7. Select a type of template: Reference points grid, Polynomial (direct) or Polynomial (inverse).

8. Define a minimal number of pixels in grid point - this parameter is used by algorithm of automatic recognition of reference points.

9. Parameter Cut pixels horizontally set equal to 0. It is used to create templates for multi-camera systems only and it means how many pixels was reduced the grid horizontal size during template creation. This reduction is helpful to correct the convergence of reference points plane and the image registration plane.

10. Press button Template... to define a template file name.

11. Click OK to create template itself.

Optic Distortion Corrections

To correct the optical distortions:

1. Load an image.
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2. Execute menu commands Process, Unary Operations, Optic Correction, Correction... or press button [image: image285.png]


.

3. In the following dialog press button Template... to select a template file.

4. Select type of template: Reference points grid, Polynomial (direct) or Polynomial (inverse).

5. Frames in line must be 1.

6. Click OK. There would be created a window with a new corrected image.

Correction and Join of Images for Multi-camera Systems

To correct and join frames of multi-camera system:

1. Load a frame sequence, produced by multi-camera system.
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2. Execute menu commands Process, Unary Operations, Optic Correction, Correction... or press button [image: image286.png]


.

3. In the following dialog press button Template... to select a template file for multi-camera system. It is a text file with a list of optic correction files for the corresponding cameras of multi-camera system.

4. Frames in line must be equal to a number of cameras in one line of multi-camera system.

5. Click OK. There would be created a window with a new composed image.
Digital Filers

Digital filtration is processing by a method of a "sliding" window, when around of the every changed pixel the window of the fixed size and shapes is selected. Further from all pixels in this window is calculated certain function, which value exchanges value central pixel of a window.

Set Filter Sizes and Conditions

To select the sizes and boundary conditions of digital filters:
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1. Execute commands: Process, Filters, Size & Conditions...
2. In dialog set the width and height of the filter (it are odd always).

3. Check the button Mirror boundary condition, if you want, that for processed pixels close to boundary, window pixels, laying outside of the image, should be completed with mirror mapping. Otherwise for the pixels will set the default pixel value.

4. Set Threshold value. The operation of a filtration is applied only then, when the calculated value of the pixel differs from current on value of threshold or more.

5. If you have clicked the button Binary mask, it is necessary to select its shape later, having executed commands: Process, Filters, Binary Mask, or click the button [image: image287.png]


.

6. Click OK.

7. The fast alternate method to set the filter size is a window [image: image288.png]


on the Filter-bar. Select in this window the filter size or type new and click Enter.

Non-rectangular Filter Definition

To define the filters of the not rectangular shape the binary mask serves: a matrix from zeros and units, in which unit correspond to pixels included in the filter window, and zero unused pixels. To set this filters:

1. Execute commands: Process, Filters, Size & Conditions...
2. Check the button Binary mask.

3. Set the Sizes of the filter so that they included width and height of a binary mask. Press OK.
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4. Execute commands: Process, Filters, Binary Mask or click the button [image: image289.png]


.

5. Set coefficients of a binary mask. To select the current value use mouse or cursor keys. To change the value simply click any symbolical key.

6. For change of all zero values of a mask on unit and on the contrary, click the button Inversion.

7. The binary mask can be saved in a MSK-file and then loaded from it by buttons Save and Load.

8. Click OK.

Mean

This filter exchanges a central value by mean value on a window. It is elementary flattening filter. It is executed by commands: Process, Filters, Rank Statistics, Mean or click the button [image: image290.png]


.

Rank Statistics Filters

The filters of rank statistics are based on ordering of all pixel values, which selected in the filter window by their quantity. Then the central value of a window is exchanged with value placed in a particular position in this ranked series.

1. To select the minimum value execute commands: Process, Filters, Rank Statistics, Minimum, or click the button [image: image291.png]


.

2. To select the largest minimum value execute commands: Process, Filters, Rank Statistics, Second Minimum or click the button [image: image292.png]


.

3. To select the median value execute commands: Process, Filters, Rank Statistics, Median or click the button [image: image293.png]


.

4. To select the second-largest peak value execute commands: Process, Filters, Rank Statistics, Submaximum or click the button [image: image294.png]


.

5. To select the maximal value execute commands: Process, Filters, Rank Statistics, Maximum, or click the button [image: image295.png]


.

Convolution

Convolution is a adding with constant coefficients of all values from a rectangular window of the filter. It is possible to make many known filters with the help of convolution, for example, mean, the unsharp mask, Laplace etc.

For its realization:
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1. Execute commands: Process, Filters, Convolution or click the button [image: image296.png]


.

2. Set coefficients of a mask. To select the current value you can use mouse or cursor arrows. To type a value press any numeral key or minus. To delete a symbol use the key Backspace.

3. That the brightness of image remained constant Norm should be equal to the sum of all coefficients of the mask. If this sum is equal to zero (for the Laplace filter), then the norm will be equal to 1.

4. The typed values can be saved and loaded in the future from MSK-files with the help of buttons: Save and Load.

5. Click OK.

Image Sharpening

To increase sharpness of the image, it is possible applying the filter of a unsharp mask. In this case the central value of a window f is exchanged by value f+C* (f - mean). Where C - coefficient, which setting in dialog, and mean  - mean value on the window.

By-effect of this filter is increase of the noise level.
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	To realize this filter:

1. Execute commands: Process, Filters, Sharpening... or click the button [image: image298.png]


.

2. Set coefficient of sharpness C - then it more, the image will be sharper.

3. Click OK.


Background Equalization

It is possible equalizing of the background on the image also with the help of filters.

Local Histogram equalizes the images on a local histogram obtained on pixel values in a window of the filter. Thus it makes the image, which has about identical number of pixels with brightness from a range 0 - PixelMax. For good results it is necessary use the filter with big size containing not less PixelMax+1 pixels. Therefore this filter is a very slow one. For realization this filter:

1. Set filter size.

2. Execute commands: Process, Filters, Equalization, Local Histogram.

Background Equalization levels a background, i.e. the central value f of a window is exchanged by value f - mean+(PixelMax+1)/2. Where mean - mean value on a window of the filter. The less size of the filter, the small details will go out on the foreground. For realization this filter:

1. Set filter size.

2. Execute commands: Process, Filters, Equalization, Background.

See also Image Equalization
Non-linear Filters

Roberts Filter

The nonlinear Roberts filter is used for mark of contours on the image and it is determined by the formula:

Fjk = |Fjk - Fj+1k+1| + |Fjk+1 - Fj+1k|

For realization this filter executes commands: Process, Filters, Non-Linear, Roberts.

Sobel Filter

The nonlinear Sobel filter is used for mark of contours on the image and it is determined by the formulas: 

Fjk = sqrt(X2 + Y2), где 

X = (Fj-1k+1 + 2Fjk+1 +Fj+1k+1 ) - (Fj-1k-1 + 2Fjk-1 +Fj+1k-1 ),

Y = (Fj-1k-1 + 2Fj-1k +Fj-1k+1 ) - (Fj+1k-1 + 2Fj+1k +Fj+1k+1 )

For realization this filter executes commands: Process, Filters, Non-Linear, Sobel.

Cut Peak Filter

The filter is designed to remove a noise, it selectively cut out sharp deviations (vertical lines and separate points) and not changing the other parts of image. It is applied only in horizontal direction.
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	For realization this filter:

1. Execute commands: Process, Filters, Non-Linear, Cut peaks or click the button [image: image300.png]


.

2. In the following dialog select one of the filter types: Filter 3x3 or Filter Nx1.

3. Define Threshold and if filter type if Nx1 then select Peak width in pixels. The threshold sets amplitude to cut out peaks.

4. Click OK.


This dialog can be used to create a text file with coordinates of rectangular defects, if one press button Create Defect Map... select name of the file and click OK.

Bilateral Filter

Bilateral filter is applied to smooth image and preserve sharpness of a object's boundaries. It is most convenient to preprocess images of dual energy method.
1. Select ROI on image.
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	2. Execute commands: Process, Filters, Non-Linear, Bilateral or press button [image: image302.png]


.

3. Select the filter threshold.

4. Click OK.


Module of Gradient
The module of gradient filter is used to calculate the absolute value of brightness change in horizontal direction.

1. Select ROI on image.

2. Execute commands: Process, Filters, Non-Linear, Module of Gradient or press button [image: image303.png]


.

User Defined Filter

The program give the user an opportunity to experiment with various filters and create own. It is possible to set the own formula of the filter. This filter will include as variable various statistical estimations calculated on a window of the filter and on additional window. In the formula expression it is possible to use a series of mathematical functions and operations described below. For calculation with the formula the program uses the own interpreter of the formulas, therefore such filtration requires more time, than application of the same filter without the interpreter.
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	To create the own filter:

1. Set filter size.

2. If it is necessary, set a binary mask.

3. Execute commands: Process, Filters, User formula or click the button [image: image305.png]


.

4. If you will use statistical estimations from sub-window, set its sizes.

5. To simplify the calculations it is possible to divide the formula on sub-expression (up to 8). The formulas for this expressions type in the relevant fields.

6. Set a basic formula of the filter in the upper window.

7. The typed formula can be save and load by buttons: Save and Load.

8. Click OK.


Note.

In the formula you can use round brackets, mathematical functions:abs(), exp(), ln(), log(), sqrt(), sign() and

	 
	Variable
	 
	Statistics

	f[w]

mean[w]

sigm[w]

med[w]

max1[w]

max2[w]

min1[w]

min2[w]

leq[w]
	Center value

Mean

Dispersion

Median

Maximum

Submaximum

Minimum

Second minimum

Local equalization
	mask

nldXY

 

 

 

 

 

 

Scal

tau
	- convolution value

- Non-Linear Direction (X,Y=0,...,5)

  0=sum,

  1=minimum,

  2=median,

  3=maximum,

  4=dispersion,

  5=inverse dispersion,

- Scalar product

- TAU-statistics

	
	Functions
	
	Binary operations

	pos(x)=

eta(x)=

LUT(x)=
	x for x>0 else 0.1 

for x>0 else 0.

Look Up Tableа.
	+,-,*,/

^, <, >
	- plus, minus, multiply, divide

- power, min, max


Variable are calculated on all values of filtration window in view of a binary mask. If variable has a suffix w it means, that variable is calculated on sub-window.

If in an input field of there is no place or exist iterating expressions, you can determine sub-expressions: k1-k8.

Frequency Filters

The frequency filters are based on realization of two-dimensional discrete Fourier transformation for deriving the image spectrum. Then the particular frequency band of a spectrum is zeroed, or to it the window function smoothly reducing frequencies in this range is applied. Then an inverse transformation Fourier is fulfilled. In the obtained thus image completely leaves or the given frequency band decreases. This method is especially effective for removal of periodic structures or noise on the image.
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	For realization this filter:

1. Set the region to process.

2. Execute commands: Process, Filters, FFT Filters or click the button [image: image307.png]


.

3. Select a type of the filter.

4. Set the number of delete frequencies.

5. Set coefficients N and k, which determine window function.

6. Check the button Annulate frequency, for complete resetting of frequencies. However, it can generate high-frequency parasitic oscillations on the image (Gibbs effect).

7. Click OK.


Image Sequence Processing

Frame Sequence Too Big for Memory

The program works only with image sequences which can be placed in computer's memory. But for AVI and SET-files with big size there is possibility to visualize those sequences in mode Scan (without timegram) and Surface. For mode Tomo it is possible the visualization Tomosyntez 2 marks (slice) only.

For the just described visualization modes one can use tool Animation to save the visualization results in movie file. Besides that, there is a possibility of digital image processing of the current frame of sequence, but after frame change the results of this processing are not saved.

This limited visualization mode is switched automatically - imperceptibly for user.

Image Arithmetic Operations

1. To realize the arithmetical operations with the images it is necessary load these images.

2. On each image it is selected the working subarea and a range of the frames, which will participate in operation.
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	3. Open Binary operations dialog by the commands: Process, Binary Operation or click the button [image: image309.png]


.

4. Select the type of operation.

5. Set the constants of operation.

6. The images participating in operation are selected.

7. Click the button OK - the result of operation will be placed into the new window.


The quick alternative method to make the binary operation is to execute commands: File, Operation, Binary... or click the button [image: image310.png]


.
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	In the dialog one have to select by left mouse button the two image files (with the same sizes) and click the button Apply - the result will be loaded into a new window.

 

Evidently, that the type and parameters of the operation must be defined beforehand by the command Binary Operations from the Process menu.


Subtract Frame from Sequence

This operation is useful to subtraction of a background from a sequence of the frames.

1. Load a sequence of the frames.

2. Select the current frame, which will be subtracted from each frame of a sequence.

3. Execute the commands: Process, Time Operations, Difference or click the button [image: image312.png]


.

As result the current frame becomes zero - black.

4. If the image, which is necessary for subtracting, exists separately from a sequence of the frames, then it should be added in this sequence by the command Add....And then to execute items 1-3.

Average Frame Sequence

This operation is useful to making the background image or to quick average of the frames.

1. Load a sequence of the frames.

2. Execute the commands: Process, Time Operations, Averaging or click the button [image: image313.png]


.

As result the new window with the new image will appear and everyone its pixel is mean value relevant pixels from each added frames.

Weighted Sum of Frames
This operation is useful to sum frames produced for different energies of X-ray radiation.

1. Load a sequence of the frames. The X-ray energy must be increased together with frame's number.

2. Execute the commands: Process, Time Operations, Weighted Sum or click the button [image: image314.png]


.

As result the new window with the new image will appear and everyone its pixel is a weighted sum of relevant pixels from each added frames.
Time Averaging

For each frame of a sequence take "N" (odd number) sequential frames, which close about this frame, (including this frame) and for them calculate average one. This mean value replaces the frame. It is analog of the averaging filter only applied not for spatial coordinate, but for the time one.

This operation is useful to noise compensation on the slowly varying frames of a sequence. It is applied to the infrared images.

	[image: image315.png]



	1. Load frame sequence.

2. Execute the commands: Process, Time Operation, Time Averaging or click the button [image: image316.png]


.

3. Select the number of "N" in the menu and click the button OK.


Averaging with Horizontal Shift

It averages of the frames of a sequence with constant horizontal shift of each sequential frame. The result is a new frame, everyone pixel which is mean value relevant pixels from each of the summed and shifted frames. The new frame is the longer, the more shift.

This operation is useful to a case of sequential acquisitions of the frames during moving of the camera along extended object.

	[image: image317.png][5





	1. Load frame sequence.

2. Execute the commands: Process, Time Operation, Averaging with Shift , or click the button [image: image318.png]


.

3. Set shift and click the button OK.


Space Alignment

Space alignment of frames by reference point on each frame executes by menu commands Process, Time Operations, Space Alignment or click button [image: image319.png]


.

Image Analysis

Image Characteristics

Image Comparison

The comparison of the images can be executed by a way:

A) Image Fitting.

1. It is necessary to load both images for this purpose.

2. Execute commands: Tools, Image Fitting or click the button [image: image320.png]


.

	[image: image321.png]Image to it 26IF

e
[z
[loie
0572

B

Kofsel gy
¥ offset
Kscde
¥ scale

Rotation”
Frames per sec.
Toel»





	3.The menu for combination orthogonally conversed of the image on current will appear. The active image on the moment of occurrence of this dialogue becomes combined.

4. For a select of the current image, press the left mouse button and select area of comparison.

5. The Start button begins/ends the process of change of fitted and current images in the selected area of the current image.

6. Selects coefficients of transformation of the fitted image. They can be used for the subsequent transformation of the fitted image.


B) Realization of an affin transformation of one of the images, for combining three reference points of each image.

Image Binarization
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For transmutation of the halftone image in black-and-white execute commands: Process, Binarization or clock the button [image: image322.png]


.

In the appeared dialog select lower and upper thresholds and click OK.

Contours Extraction

1. Use the mean filter (commands: Process, Filters, Rank Statistics, Mean or button [image: image323.png]


) to decrease noise.

2. Use the Sobel filter or Roberts one (commands: Process, Filters, Non-Linear, Sobel or Roberts) for contour extraction.

3. Execute negative transformation of image (commands: Process, Unary Operations, Negative or button [image: image324.png]


).

4. Execute "skeleton" - transformation (commands: Process, Skeleton or button [image: image325.png]


). This transformation reduces thickness of black fields up to 1 pixel.

Recognition of the point objects

Recognition of the point objects is helpful, for example, to recognition of the chips by its pads.

To recognize one need:

1. Load the image of chip and select ROI with pads.
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2. Execute commands Tools, Points objects... or press button [image: image326.png]


.

3. In following dialog press button Filtration of objects.

4. Press button Select objects by binarization.

5. Select black and white boundaries by slider.

6. Set minimal and maximal possible diameters of point objects.

7. Press button Recognition of objects.

8. If the most of objects are not recognized, one can change the binarization boundaries and/or unpress button Filtration of objects and unpress and again press button Recognition of objects.

9. To edit positions of objects one can check button Edit objects. Then set mouse cursor near to the editable point and press left mouse button to show menu. To exit from edit-mode uncheck button Edit objects or press right mouse button.

Before points edit it is recommended unpress buttons Filtration of objects and Select objects by binarization, to remove the masking image processing.

10. To show numbers of recognized points check button Show numbers.

11. After recognition of all points its configuration can be saved in data-base TPL-file. To do that one type a comment and press button Save in database....

12. To select folder of database files one press button <...>.

13. To test presence in database our points configuration it is need to define Test of validity [%] and press button Search correspondence in database. Test of validity equal 90% means that the corresponding points of two comparized configurations are on a distance which is less 10% of maximal diameter of points configuration. If in database there are points configurations coincident with current one, then its number and comments are shown in bottom line of the dialog.

14. The comparison of points configurations take into consideration the metrical relations (distances) between points only. The rotations, shifts, mirror transformations and scaling of the points configuration is not an obstacle for the comparison.

15. If the size of the distances are important, then before comparison one must check button Test of size, and before saving of the points configuration in database one must define its real scale (see Calibration of the Pixel Values, Length, Time and Angles).

BGA testing

BGA testing is similar to the recognition of the points configurations. The typical operations for BGA-testing are:

1. Load image and select ROI with BGA.

2. Execute menu commands Tools, Test BGA... or press button [image: image327.png]



3. In following dialog press button Filtration of points.

4. Press button Select BGA by binarization.

5. Select black and white boundaries by slider.

6. Set minimal and maximal possible diameters of BGA objects.

7. Press button Recognition of BGA.

8. If the most of objects are not recognized, one can change the binarization boundaries and/or unpress button Filtration of points and unpress and again press button Recognition of BGA.

9. To edit positions of objects one can check button Edit objects. Then set mouse cursor near to the editable point and press left mouse button to show menu. To exit from edit-mode uncheck button Edit objects or press right mouse button.

Before points edit it is recommended unpress buttons Filtration of points and Select BGA by binarization, to remove the masking image processing.

If database has this BGA, then instead edit one can load its template from database as described in 13-14 items below.
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10. To show numbers of recognized objects check button Numbers.

11. After recognition of all points its configuration can be saved in data-base TPL-file. To do that one type a comment and press button Save BGA-template....

12. To select folder of database files one press button <...>.

13. If database has such template, it can be loaded by button Load BGA-template... .

14. One can also find and load the most suitable template from database by press button Find nearest BGA-template.

15. To execute items 13 and 14 it is very important, that two of the most distant BGA-points were recognized exactly. And it is not necessarily, that all points were recognized. The comparison of BGA-points takes into consideration the metrical relations (distances) between points only. The rotations, shifts, mirror transformations and scaling of the BGA-points is not an obstacle for the comparison.

16. To estimate a BGA-quality it is need to define Test of validity [%] and press button Find nearest BGA-template. Test of validity equal 96% means that the BGA-point is OK, if black pixels consists 96% or more all pixels within circle with maximal diameter (50 pixels in this case). Those points are drawn by blue color but defect points - by red color. Besides that the total number of bad points is shown in information line of the dialog.

Material's Recognition by dual energy method

The dual energy method is based on the different absorption of X-ray energy by different materials. It is an estimation of two material's thicknesses by two X-ray images for two energies of radiation. When those thicknesses are defined in the each point of images one can use pseudo-colors to show a regions with different materials. The most interesting is a dividing of regions with metal and organics on the image.

Dual Energy Method Calibration

Automatic calibration of dual energy method is realized for 2 types of X-ray detectors: FPD PaxScan4030 from Thales and for tsnkCam.
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	1. Select type of X-ray unit (for example Smart of Yxlon) and run a parameter's dialog by menu commands Tools, X-ray Control, Setup... or click button [image: image329.png]


.

2. Click button PC-control of X-ray and close the dialog.
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	3. Execute menu commands Tools, Matherial's Recognition, Acquire Images or click button [image: image331.png]


.

4. In popup dialog click button Table to select corresponding file.

5. Additional parameters to setup Dual Energy method can be defined after check the button Setup and password input. Those parameters can be changed by qualified personal only.
6. Click button Calibration.

7. There would be warning to remove a test object. Then program automatically produce a calibration: acquire black frame and two frames for different energies. Calibration files are in the same folder, where is a dual energy table file.


Acquire Two Images of Dual Energies

The automatic acquisition of two dual energy frames is realized for 2 types of X-ray detectors: FPD PaxScan4030 from Thales and for tsnkCam.
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	1. Select type of X-ray unit (for example Smart of Yxlon) and run a parameter's dialog by menu commands Tools, X-ray Control, Setup... or click button [image: image333.png]


.

2. Click button PC-control of X-ray and close the dialog.
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3. Execute menu commands Tools, Matherial's Recognition, Acquire Images or click button [image: image334.png]


.

4. In popup dialog click button Table to select corresponding file.

5. Click button Start.

6. The program acquire frames for two different energies automatically and show a dialog Material's recognition.

Recognition Materials by Method 1
To recognize materials by dual energy method 1 it is necessary do the following operations.

1. Execute a menu commands Tools, Matherial's Recognition, Recognition 1... or click a button [image: image335.png]
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	2. By press button Table... select a table filename for the same energies.

3. Check the button Windows of organics and metal thicknesses to show two additional windows.

4. Load two images, acquired for different energies by button Load. (Images must be preliminary acquired by method described in previous paragraph.)

5. Program calculates thicknesses of metal and organics и to show a color image. The regions with prevalence of metal are painted by blue color, and ones with prevalence of organics - by green color. The regions where the material is not identified due to its big thickness are painted by orange-black colors.

6. Priority, brightness and contrast of metal and organics regions can be changed separately by the corresponding sliders after calculation.


To show an image, produced by the dual energy method it is used a special dual palette. There is no sense to use some other palettes for this image.
Recognition Materials by Method 2
	[image: image337.png]



	To recognize materials by dual energy method 2 it is necessary do the following operations.

1. Load sequence of two images, first one acquired for high energy and second one - for low energy. (This order can be changed.) It can be SET, RAW or XRD-file.
2. Execute a menu commands Tools, Matherial's Recognition, Recognition 2... or click a button[image: image338.png]


 

3. In the appeared dialog select a table filename (DAT-file) for the dual energies table. In this window are shown the DAT-files from the working program folder.

4. Define a maximal pixel value of the images.

5. Select the recognition mode.

6. Select the Penetration mode: for Low there is shown data for low energy, for High - data for high energy.

7. Check button Show danger zones to show zones with organic by red rectangles and zones with big thickness by blue ones.
8. Check button Clusterization to clusterize image (division of image to regions with constant brightness parameters).
9. Use a slider to change an image sharpness coefficient.

10. Use a slider to change Barrier - a portion of X-ray energy absorbed by barrier. By default, barrier's material is iron.

11. Use system menu item Setup to expand dialog's window and to show additional parameters of recognition.


Create a Dual Energy Table

The interpolated table of the dual energy method is created for the selected pair of energies with use of the special stepped tests from metal and organics by the following way.
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	1. Acquire the images of tests for each energy.

2. By use LUT tool calculate a brightness tables, corresponding to the different combinations of metal and organics thicknesses for each energy.

3. The coefficients of the polynomial approximation of the brightness logarithm for each energy are calculated by least square method.

4. Calculate the table itself by menu commands Tools, Matherial's Recognition, Dual energy table... or press the button [image: image340.png]


.

At this dialog one use the previous calculated coefficients. Also we define a maximal metal and organics thicknesses and press OK.


Tomosyntez

The reconstruction by a tomosyntez method counts a current sequence of the frames by a sequence of projections with the different focus and synthesizes from them the interior structure of three-dimensional object.

Use 2 Image Marks for Tomosyntez in Non-stationary Conditions

It is supposed, that the geometry of deriving of the projection images precisely is not known. However at deriving a projection date the planes of travel of object and source should be parallel to plane of recording. It are supposed rotating of test object only around of an axis of a perpendicular plane of recording.

Put on the test object 2 marks (made from X-ray contrast material) which should be visible well on all projections.

The first mark should be on the lower surface surface of object, and the second - on the upper surface. And both marks have to be far one from another in horizontal direction.

Because of the precision of tomosyntez method is depend to the precision of measurement of the those marks centers, that the most convenient shape is a cross from the thin tungsten wire.

There are two realizations of tomosyntez:

A)

[image: image454.png]21|
Fanbeam32  ¥|CT-scanmode [V Use fittering

~Cortection methods

¥ Logaiithm 60000 Reference value

Projections————————————————
CImages\CT 32\eona2Waler?_fulset _Take from.

%60 wih 1 Start rumber [i1.2: Increment
330 Heght [32  Pojestons [30  Ange”

Scanring Geomely.

[Sles—————  GetszeshomView | |

12 Sleesie 430 erter of otation

T c Tepmest Rotate [clockwise
[T et 5 syeioneie
[ =] Totalnumber ¥ Showafter CT

Clmages\CT 2ieona2 BN _ Save as




1. Load a sequence of the projection images.

2. Open dialog to set marks by commands: Tools, Set Marks or click button [image: image341.png]


.

3. Set 2 marks on each frame (projection). The first mark should display a image of a point on the lower surface of object, and the second - similar image of a point on the upper surface.

4. Open Player by commands: Tools, Player or click button [image: image342.png]


, or press combination of keys Ctrl+A. Click Tomogram-page.

5. Select the Visualization method Tomosyntez: 2 marks (3D) or Tomosyntez 2 marks (slice) to open menu with parameters for tomosyntez.

6. Set the geometrical sizes of test object.

7. Select operation with projections to process projections. The most useful operations are: Average, Submaximum and Second minimum.

8. Click OK.

9. After these operations the Tomogram-page of Player displayed not the initial projection data, but reconstructed interior structure of the object.

For the visualization method Tomosyntez 2 marks (slice) there is reconstructed only one slice of the test object. The depth of this layer is defined by Z-slider and the inclination angles on X and Y - by vertical and horizontal sliders, correspondingly. X and Y sliders is not working in this case.

10. To change the geometry parameters or method to sum projection iterate items 5-7.

B)

1. Load a sequence of the projection images.
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2. Open dialog to set marks by commands: Tools, Set Marks or click button [image: image343.png]


.

3. Set 2 marks on each frame (projection). The first mark should display a image of a point on the lower surface of object, and the second - similar image of a point on the upper surface.

4. Execute menu commands Process, Tomosyntez, By 2 marks or click button [image: image344.png]


.

5. In popup dialog define: number of reconstructed layers, coordinates of start and final layers in percent of the test object thickness (difference of marks levels). The coordinates can be below zero, and bigger then 100%.

6. Define a tilt angles of layers about axis X and Y. Under zero angles the layers are perpendicular to the Z-axis.

7. Select Operation with projection. The most used operations are: Average, Submaximum, Second minimum.

8. Click OK. The reconstructed layers would be loaded to a new window.

 

The method B is different from A that the reconstructed data has 16 bits per pixel and to create sequence of layer there is not used an Animation dialog.

Use 4 Image Marks for Tomosyntez in Non-stationary Conditions

It is supposed, that the geometry of deriving of the projection images precisely is not known.

Put on the test object 4 marks (made from X-ray contrast material) which should be good visible on all projections. The 3 mark should be on the lower surface of object, and 1 - on the upper surface. (If you set 1 mark on the low plane and 3 on the upper one - the reconstructed image would be inverted.)

Because of the precision of tomosyntez method is depend to the precision of measurement of those marks centers, that the most convenient shape is a cross from the thin tungsten wire.

 

Then for realization of tomosyntez:

1. Load a sequence of the projection images.

2. Open dialog to set marks by commands: Tools, Set Marks or click button [image: image345.png]


.

3. Set 4 marks on each frame (projection). The first mark should display a image of a point on the upper surface of object, and other - similar images of points on the lower surface. It is possible to use 3 marks on upper plane - see remarks at the beginning of this section.

4. Open Player by commands: Tools, Player or click button [image: image346.png]


, or press combination of keys Ctrl+A. Click Tomogram-page.

5. Select the Visualization method Tomosyntez 4 marks to open dialog with parameters for tomosyntez.

6. Set the geometrical sizes of test object.

7. Select operation with projections to process projections. The most useful operations are: Average, Submaximum and Second minimum.

8. Click OK.

9. After these operations the Tomogram-page of Player displayed not the initial projection data, but reconstructed interior structure of the test object.

10. To change the geometry parameters or method to sum projection iterate items 5-7.

Correction of the Reconstructed Layers for the Cone Beam

For the cone beam of X-ray radiation the reconstructed layers have different scales: as more distance from X-ray focus point as bigger. To reduce all layers to the same scale one can do the following:

	[image: image347.png]



	1. Execute menu commands Process, Time Operations, Tomosyntez correction....

2. Define coordinates of the projection center and its height above the middle layer (frame) in pixel coordinates.

3. Click OK.


Tomosyntez without marks

Assume, that all geometric sizes are defined and saved in TSP-file during acquire the projection data.

To make tomosyntez execute following operations.
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	1. Load a sequence of the projection images.

2. Execute menu commands: Process, Tomosyntez, Without marks.

3. There would be a dialog to select TSP-filename.

4. Then there would be dialog Tomosyntez without marks.

5. Define 6 parameters of reconstructed layers.

6. Define two tilt angles of layers.

7. Select Operation with projections. The most used operations are: Average, Submaximum, Second minimum.

8. Click OK. The reconstructed layers would be loaded to a new window.


CT - reconstruction

The classical CT-reconstruction by back-projection method is realized in the VIAM-tomography system. That means this system give a CT-reconstructed slices immediately after scanning of the test object.

2D CT for Tomograph of the Second Generation

The second generation tomograph collects data by two types of motions - across radiation and rotation. The resulting data are saved in BIN-file with header, contains all geometrical parameters of the tomograph hardware. To reconstruct the cross-section layer of the test object one can use the following operations:

1. Execute menu commands Tools, Scan-systems, VIAM-tomograph... or click button [image: image349.png]


.

2. In the appeared dialog select Tomography page.

3. Define detector's aperture.

4. Select reconstruction resolution - the pixel size of the reconstructed image.

5. Define CT-reconstruction parameter.

6. Select filter to preprocess projections.

7. Click button CT for saved raw data... . Browse filename of the projection data. The reconstruction starts immediately after that and the resulting reconstructed layers are loaded to a new window.

8. If the list of defect detectors, which is saved in BIN-file header is wrong, then the reconstructed layers would be soft. In this case it is possible to correct the list of defect detectors by selection of the correct list on Detector page and write it to the file by click button Modify a list of defect-detectors in BIN-file....

2D CT for the Classical Projection Data

To execute 2D computer tomography for the acquired data:

1. Execute menu commands: File, Operations, 2D CT..., or click button [image: image350.png]


.

2. In the appeared dialog click button Raw... to browse filename of the projection data.

3. Click button CT... to browse filename of the resulting file.

4. Select CT scan mode.

5. Select reconstruction filter обработки проекций.

6. Select CT image size and projection views.

7. Select rotation direction during acquire projection.

8. Define reconstruction parameters: DSD - distance Source-Detector, DST - distance Source-Test Object, center shift - offset of rotation center relative to center of the projection data and so on.

9. Check the additional functions of processing.

10. Click button Start.

Pseudo 3D-CT

To make pseudo 3-dimentional computer tomography (3DCT) reconstruction, from the previously acquired data:

1. Load one of the projections to select the region of interest on it.

2. Execute the following menu commands: File, Operations, 3D CT (fan-beam)..., or press button [image: image351.png]


.

3. In popup dialog select CT-scan mode in the combo-box: Parallel, Fan-beam or Fan-beam32. (Sizes there are In detector pitch.)

4. Check Use filtering button to apply a convolution with the filtering function to the projection data.

5. Check Logarithm correction method to apply a logarithm correction for the projection data.

6. To apply a logarithmic correction you must also define a number of reference points (number of points on the left and the right side of each projection line) to calculate a reference value.

7. Press Take from... button to browse AVI, BIN or SET- file with the projection data. If there was selected BIN-file then the program automatically extracts from its name the base name of projections. Program automatically extracts the projection's base name. (Please, don't use in the filenames the point symbols!) The corresponding base projection's name will be shown at the left side of this button.

8. Define Start number and Number of projections.
9. Define increment and angle of the full object's turn.

10. For Fan-beam scan-mode define distances Source-Object and Source-Detector.
11. Press Get sizes from View button to automatically get from the active window the projection's Width and Height, and also Topmost, Total number and Center of rotation from the ROI on this active window. Increment is equal 1 always after this operation.

12. Correct the Center of rotation, Increment and Total Number of slices values, which was defined automatically.

13. Define resolution of Slice size. (Tomogram-size is defined automatically.)

14. Select direction of rotation.

15. Check Save in one file button to save all resulting slices in one file. Otherwise they will be saved in a separate files with names produced from the base slice name and the slice pixel position from the top of projection data.

16. Check Show after CT button to automatically loading the calculated slice data files after its reconstruction.

17. Press Save as... button to select the base name of the slice(s). This name will be shown from the left side of the button.

18. Click Start button to begin reconstruction.

19. For Fan-beam32 scan-mode one can press button Scanning Geometry...
20. Fan-beam32 scan-mode is used to reconstruct data from tomography hardware without rotation with 32 fixed X-ray units.

21. There must be defined additional parameters of detectors: Radius, Angle, Center position of detector's arc and number of detectors. (Those sizes are in mm and degree.)
22. Beside that also there are defined radius of arc with four X-ray units and size of reconstruction region.
3D-CT

To make 3-dimentional computer tomography (3DCT) reconstruction, from the previously acquired data:

1. Load one of the projections.

2. Execute the following menu commands: File, Operations, 3D CT (conus)..., or press button [image: image352].
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	3. Geometry page defines scanning parameters (Full angle, Increment) and data acquisition geometry (Detector pitch, distance source-detector and source-axis of rotation). 

4. Also there is orientation of rotation axis.

5. There are deviations of source from center of detector.
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	6. Reconstruction page defines the sizes of reconstructed region, digital filter and binnings of the original projections (to accelerate reconstruction due to reduce a resolution).

7. Define SET-filename of projections.

8. Define RAW-filename of preprocessed projections. This file must be recalculated after binning or filter changes.


9. Start to begin reconstruction. During reconstruction there would be a temporary window to show a current reconstructed layer.
10. For emergency cases use button Stop. After that the resulting SET-file would contain the valid data.

Prepare Documentation

Drawing on Images

For drawing on the image execute commands: View, Toolbars, Drawing or click the button [image: image355.png]


.

The panel of drawing will open which includes the buttons for drawing the elementary geometrical figures, text and for insert raster-type images from buffers of an exchange.

1.To draw a pointer:

a) Click the buttons relevant to the pointer and its color on the panel of drawing.

b) The mouse cursor will change the shape now it is possible to click the left mouse button in the necessary place. The small pointer will be drawn atop of the image.

c) To change its sizes and orientation click the left upper button of the panel.

d) Click the left mouse button on the pointer and around of the pointer will appear the rectangle with the changed sizes. Change the sizes.

e) Click the left mouse button outside of the rectangle and it will disappear. The drawing is finished.

2. At drawing of a text there is the button (in the bottom of the screen) to select size of a font and type of the text, and also field for input of the text. The text orientation can be changed, resizing a rectangle of text editing in appropriate way.

3. For drawing raster-type picture at first it should be inserted into the clipboard with the help of any pictorial editor or load picture in the program and execute the commands: Edit, Copy (or click the button [image: image356.png]


). The picture sizes and its orientation can be changed, by stretching a rectangle of picture editing in appropriate way.

For removal of the separate drawn object it is necessary:

a) Click the left upper button of the panel of drawing.

b) Click the left mouse button on the object. Around of the object will appear the rectangle with the changed sizes.

c) Click a key Delete on the keyboard.

To hide figure it is possible to remove the mark from button Show overlay in dialog View options.

4. To make in the upper left-hand corner of the frame a some lines with the textual information execute commands: Tools, Image Specification or click the button [image: image357.png]


.
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	The dialog to input some comment lines will appear. In this dialog it is possible select the number of lines, its titles and size of the font. To remove or change a position of this comment execute commands: View, Toolbars, Drawbar or click the button [image: image359.png]


.

It is possible to change names of lines of the comment in dialog Options.


5. During saving of the image in format of 8 bits on pixel the drawing together with the image is conversed to the raster-type image and is saved. During saving of the image in the other format, figure is saved in a separate WMF-file in the same folder and with the same name, but with file name extension WMF.

At reading any image in its folder the file of drawing with a name of the image and expansion WMF is searched. If such file exist, then it will be read out and place on the image.

Save Image

To save image from the active window execute commands: File, Save as... or click the button [image: image360.png]


or the key combination Ctrl+S.

Program supports formats: AVI, BMP, B16, BIN, DCM, FITS, HIS, JPEG, PCX, PNG, RAW, SET, TIFF, TXT, XRD, XYZ.
If there was a drawing on the image, then for the image saving with 24 bits per pixel, the drawing is saved as half tone image. If one select another file format, the drawing is saved separatelly as WMF-file in the same folder and with the same name, as image.
If in Options dialog the button Create info for saved files is checked, then together with the image file is saved INF-file with information about image scales and measurement units.

Copy Images to Clipboard

One can use the clipboard to transfer 24 bits per color images to a text processor or a another graphical software.

1. Execute commands: Edit, Copy or click the button [image: image361.png]


or the key combination Ctrl+C to copy the image from the active window to the clipboard.

2. To paste a scan-line into your report, click the button Clipboard in Player. After that use a command Paste from Clipboard in your text processor.

Print Image

To print image from the active window execute commands: File, Print or click the button [image: image362.png]


or the key combination Ctrl+P. Before the image printing there would be a dialog to select printer and to setup its parameter.

Create Demo Movies

There are two modes to create animation movie (AVI - formats) – manual and automatic. In the manual mode you create a new picture and add it to the movie as one frame. Then you create a next picture and add it and so on.

In the automatic mode at first you create a movie scenario from the nodal pictures and the numbers of frames between those nodes. Then program automatically calculate all intermediate frames and compress to the animation file.

Note, that all images, which is added to a movie have to be created in the same window.

А) To create animation in manual mode:

1. Activate a window to create a movie frames.

2. Execute commands Tools, Animation or click the button [image: image363.png]


.

3. Check the button Manually by one frame in the appeared dialog.

4. Define the movie name in File Open dialog.

5. Set delay time between frames.

6. Create a first frame in the active window.

7. Set the number of the movie frames. Typically it must be 1. But if you want that some frame was repeated several times set a bigger number.

8. Press Add frames button. If you add a first frame to the AVI-file there must be Compression dialog to define the method and the quality of video-compression.

9. Repeat items 6-8 for each movie frame.

10. If there was your error press the Reset scenario button to delete a created scenario and start it again.

11. Click the button Close movie or close the dialog.

Б) To create animation in automatic mode:

1. Activate a window to create a movie frames.

2. Execute commands Tools, Animation or click the button [image: image364.png]


.

3. Check the button Automatically in the appeared dialog.

4. Set delay time between frames.

5. Create a first frame in the active window.

6. Click the button Add frames to add the first node to the movie scenario.

7. Create second nodal frame. Difference between nodal frames must be in the values of the following 9 parameters of visualization:

Frame number (for the all view types),

Horizontal and vertical angles of the view orientation (for Surface, Tomogram and Insight views),

X, Y, Z slice positions (for Tomogram view),

Low and upper boundary of the pixel values (for Insight view),

Coefficient of transparency (for Insight view).

If all this parameters are identical for the two nodes then all intermediate frames are also identical, because program does the linear interpolation of those parameters for the intermediate frames.

8. Set the number of intermediate frames between first and second nodal frames of scenario.

9. Press Add frames button to add the current node of scenario.

10. Repeat items 7-9 for each nodal frame of the scenario.

11. If there was your error press Reset scenario button to delete created animation scenario and start it again.

12. Press Create file button.

13. Define the movie name in File Open dialog. If you define AVI-file there must be Compression dialog to define the method and the quality of video-compression.

14. Wait some time while program calculate all intermediate frames and compress its to the movie. Press Stop button if you want to break this process.

Customize Program to User

Customize User Interface

The customization of use interface includes the change of shape and contents of toolbars and program menus to adapt it to the user.  All user interface parameters are saved in Windows system register for each user separately.

Customize Commands

	[image: image365.png]|Cilstomize

Conmands | Taobars | Tools | Kesboard | Menu | Mouse | Optons |

Categories: Conmards
= @ Open
View Close
Proces:
Tools H saveas
idon @ Ssveleon
B
New e B
DrcgDon butons et fames.
All Commands B Coleet

@ Colect s

S et

Descipton





	To setup toolbar's buttons and menu items:

1. Execute commands: View, Toolbars, Customize... or click the right mouse button on the menubar or any other toolbar and in the popup menu select the bottom menu item.

2. Select the page Commands.

3. After that there is a mode to delete, add or change the toolbar's buttons and the menu items.

4. In Categories box select one of the main submenus of the program. During that time in the Commands list the all commands available by default for this submenu will be shown.

5. Those commands one can drug by mouse with the pressed left button to any place in any menu or any toolbar.

6. Also it is possible to exchange the places of buttons and menu items.

7. To delete a command from the menu or toolbar click the left mouse button on it and drug it from menu or toolbar.

8. Click the button Close.


Customize Menu
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	To setup menu:

1. Execute commands: View, Toolbars, Customize... or click the right mouse button on the menubar or any other toolbar and in the popup menu select the bottom menu item.

2. Select the page Menu.

3. Select Main menu or Default menu of application or context menu.

4. Click the button Reset to restore the default form of those menu.

5. Select one from the Menu animations.

6. To show the menu shadows check the button Menu shadows.

7. Click the button Close.


Customize Toolbars
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	To setup the toolbars:

1. Execute commands: View, Toolbars, Customize... or click the right mouse button on the menubar or any other toolbar and in the popup menu select the bottom menu item.

2. Select the page Toolbars.

3. Click the button New... to create a new toolbar, and input its name.

4. Or select a toolbar to edit.

5. Click the button Rename... to change a name of the selected toolbar.

6. Click the button Reset to restore on the selected toolbar the all default buttons.

7. Click the button Reset All to restore the default buttons on all toolbars and all default menu items in all menu bars.

8. Click the button Delete to delete the selected toolbar.

9. Check the button Show text labels to show text labels under its icons on the selected toolbar. After that the size of buttons is increased dramatically.


Add User Tools
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	To add User Tools:

1. Execute commands: View, Toolbars, Customize... or click the right mouse button on the menubar or any other toolbar and in the popup menu select the bottom menu item.

2. Select the page Tools.

3. Click the button Insert.

4. Input a name of new menu item:
5. Click the button "..." to browse a tool on disk or input its name directly.

6. Input a possible tool's arguments.

7. Set the name of initial directory.

To delete a tool repeat items 1 and 2. Select a tool's name in a list and click the button Delete.


Customize Keyboard Keys
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	To setup "hot keys" for the menu commands:

1. Execute commands: View, Toolbars, Customize... or click the right mouse button on the menubar or any other toolbar and in the popup menu select the bottom menu item.

2. Select the page Keyboard.

3. Select for what menu you want to set Accelerator for.

4. Select the command's category.

5. Select the command to set key.

6. Press a new keys combination to assign for this command.

7. Click the button Close.


Customize Double Mouse Click
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	To setup the double mouse click:

1. Execute commands: View, Toolbars, Customize... or click the right mouse button on the menubar or any other toolbar and in the popup menu select the bottom menu item.

2. Select the page Mouse.

3. Check the button Associate double click event with.

4. Select a name of command, that would be executed after double mouse click on Image window.

5. Click the button Close.


Customize Styles of Toolbars and Menus
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	To change the performance of toolbars and menus:

1. Execute commands: View, Toolbars, Customize... or click the right mouse button on the menubar or any other toolbar and in the popup menu select the bottom menu item.

2. Select the page Options.

3. Check those buttons, whose are need for you.

4. Click the button Reset my usage data to restore the all default menus and toolbars.

5. Click the button Close.


Application Look

To customize application look one can use menu commands View, Application Look:

Windows 2000, Office XP, Windows XP, Office 2003, Visual Studio.NET 2005 or menu commands View, Application Look, Office 2007:

Blue Style, Black Style, Silver Style, Aqua Style.

Create and Use Macro-Commands

To execute a routine operations automatically one can use a macro-commands. Macro-command is a sequence of usual menu commands (or button's pushes), which was created and saved by user, and can be started to execute by press one button (or the menu item's execution).

Program has memory for 10 macro-commands, each can contain up to 100 usual commands. All macro-commands are saved in file DIADA.MAC. The current program's version don't support saving the command's parameters (all values which user can set before the command execution) together with macro-command.
To create (edit) macro-command:

1. Execute the following command sequence: Tools, Macro, Edit or click the button [image: image372.png]


.
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	2. After that this dialog is appeared and program begin records the pressings of buttons on toolbars and menu items. All image operations a executed as usual.

3. Select Number of macro-command to edit.

4. To clean a list of commands of the current macro click the button Clean.

5. To insert a new command into a command list execute the corresponding command by click a button on toolbar or by select a menu item. A new command would be added into a command list after the selected command from the list.

6. To move the selection through a list use mouse or cursor keys. A short description of the selected command is shown in the button window of the dialog.

7. To stop the command's recording temporary - fix the button Record pause. To resume the command's recording - unfix this button.

8. To delete the selected command from the list click the DELETE key on keyboard.

9. Close dialog by execute item 1 or by click the upper right button of the dialog.


To execute macro-commands 1-10:

1. Execute commands Tools, Macro, Command 1-10 or click the on of the buttons: [image: image374.png]
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2. During the macro execution there is showing the progress bar and the dialogs to input the necessary command's parameters. If the program was run in the Foolproof mode, then the number of those dialogs reduced to essential minimum.

3. To stop execution of the longtime macro command click the button [image: image384.png]


or key Esc.

Fool-Proof Protection

The foolproof protection includes:

1. Customization of the menu and toolbars to delete unused commands and to simplify the operations with usable commands.

2. The password protection of the possibility to change menus and toolbars.

3. Creation of the macro-commands, to execute a complicated operations automatically.

4. Save in Windows system register for the each user the all values of the dialog's parameters (the default parameters). This option simplify the dialog parameters changing.

5. The execution of commands with the default parameters, without dialogs to input parameters, everywhere, where it is possible. For example, it is impossible to define a filename in File Open dialog beforehand.

To switch ON the protection mode (items 2, 5):

1. Execute commands Tools, Options. or click the button [image: image385.png]


.

2. In the dialog check button Password protected options.

3. Press OK.

To switch OFF the protection mode:

1. Execute commands Tools, Options. or click the button [image: image386.png]


.

2. In the dialog uncheck the button Password protected options.

3. Press OK.

4. In the Input password dialog type the password and click OK of this dialog.

5. If there was typed the correct password the protection would be removed. If the password was wrong, it is appear the warning "Wrong password". One can retype the password, starting from the item 3, or close the Options dialog without the protection removal.

File Formats

AIM

AIM-file format contains a binary uncompressed 16-bit-image sequence. Program supports read format only.
AVI

AVI-file format is a standard Microsoft Windows format for the sequence of color or half-tone 8-bits images.
Program supports read and write format.
B16

B16-file format contains a binary uncompressed 16-bits image. It was created by a German PCO firm.
Program supports read and write format.
BIN

BIN-file format was created in Beijing University of Aeronautics and Astronautics (China). It is format for the sequence of frames. Each pixel of frame is a floating point value. The pixels are stored in usual order: first frame top line, ..., first frame last line, second frame, ..., last frame. After pixel's data there is a header with the 512 bytes length. From this bytes are used now only last 20 bytes. Bytes 493-496 and 497-500 - floating point values of minimal and maximal pixels in all data. Bytes 501-504, 505-508 and 509-512 - are integer values of width, height and number of frames, correspondingly. The first bytes of file header are saved a geometrical information about VIAM-tomograph.
Program supports read and write format.
BMP

Microsoft Windows Bitmap (BMP) file format is one of several supported by Microsoft Windows.

Program supports read and write format.
DCM

DICOM (Digital Imaging and Communications in Medicine) format was created by National Electrical Manufacturers Association to save the medical images, such as X-ray and NMR tomography-scans and ultrasonic scans.

Program can read 8 and 16-bits halftone images (and image sequences, saved in the same file). Also program can read 24-bits color images and frames which are saved in the same folder. Program supports write to DICOM-files with 24 and 16 bits per pixel.
DTV

DTV-format was created by IRTIS developing group in Moscow. This format saves an infrared image sequences. The data has 8 bits per pixel and file header 110 bytes. Program supports read format only.
FITS

Flexible Image Transport System is a general-purpose data storage format used primarily for the interchange of data between hardware platforms and software applications. It is standard format for many astronomical organizations, including the astrophysics branch of NASA. The image data are stored uncompressed with unlimited gray scale. Program supports read and write format.
FLC

FLC- file format was created by AutoDesk for 8-bits image sequences. It save the RLE-compressed data without loose and give good results for the artificial CAD-drawing bitmaps. Program supports read format only.
FLI

FLI-file format was created by AutoDesk for 8-bits 320x200-image sequences. It save the RLE-compressed data without loose and give good results for the artificial CAD-drawing bitmaps. Program supports read format only.
GIF

Graphics Interchange Format is a creation of CompuServe Inc., and is used to store multiple bitmap images in a single file for exchange between platform and systems. Program supports only read 8 bits per pixel images in interlaced or non-interlaced formats and also so-named animated format which can keep an image sequence.
HIS
HIS -.format is a binary uncompressed data to keep 16, 32 and 64 bits per pixel halftone image (or image sequences) created by German company Perkin-Elmer. Program supports read and write format.
JPEG

JPEG-File Interchange Format is a development of C-Cube Microsystems for the purpose of storing JPEG-coded data. The program supports read and write 8 and 12 bits per pixel gray and color images (8 and 24 bits) of this format.
PCX

PCX-file format originated with Zsoft’s MS-DOS-based PC Paintbrush. Program supports only 8 and 24 bit per pixel, compressed PCX-images. Program support read 8 and 24 bits per pixel, RLE-compressed images and write 24-bits images.
PNG
Portable Network Graphics (PNG), for a lossless, portable, compressed individual computer graphics image transmitted across the Internet. It is an extension of GIF-format. Indexed-colour, greyscale, and truecolour images are supported, with optional transparency. Sample depths range from 1 to 16 bits.
Program support read 8, 16 and 24 bits per pixel images and write 16 and 24-bits images.

RAW

RAW-file format is binary format for which one point of data can have C-type byte, int, word, long, double word, float or double. You must define the type of values, width, height of frames, depth or number of frames and the byte’s offset of values array in the file in the dialog box. Program supports read and write format.
SET

SET-file format is ASCII-format for an image sequence. It was created by Chakhlov Sergej (Introscopy Institute, Tomsk, Russia). The first three file lines are number of frames, width and height of frames. Next lines contain information about each frame: offset of frame’s data in file and filename. Last two lines in SET-file are floating point values corresponding to the first frame and to the second one. For example, they can be numbers of frames, time’s values of frames or depth’s values. Data in each frame-file must have a same size.
Supported formats for write frames are BMP, B16, HIS, JPG, PCX, RAW, TIFF, XRD and for read frames: BMP, B16, DCM, DTV, GIF, HIS, JPG, PCX, RAW, TIFF, XRD, XYZ.
TIFF

TIFF-format is perhaps the most versatile and diverse bitmap format in existence. Its extensible nature and support for numerous data compression schemes allows developers to customize the TIFF format to fit any peculiar data storage needs. Program supports read and write 8, 10, 12, 14 and 16-bits per pixel images uncompressed or compressed by LZW-algorithm. Also program supports read color images 8 and 24 bits and write color images with 24 bits.
TXT

TXT - is ASCII-format to save one image as a text table, in which the tab symbol is a separator of a pixel values in a line. The carriage return symbol is a line separator. The pixel values itself can be integer or floating point values. This format is easy to import to the Excel. Program supports read and write format.
XRD
XRD - format was created by TSNK-lab MIREA (Moscow, Russia) to save a binary data (ZIP-compressed) produced by a scanner with linear detectors. Program supports read and write format.
XRI
XRI - format was created by TSNK-lab MIREA (Moscow, Russia) to save a binary data (ZIP-compressed) produced by a scanner with linear detectors. XRI-file consists from  several XRD-files. Program supports read format only.
XYZ
XYZ-format is a binary two-bytes one with header 4 bytes contains width and height of the image. It was created by German firm Duerr-NDT. Before the image data there are two 2-bytes values of image width and height.

Program supports read and write format.
95

