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This research was aimed to develop a methed for inspection of thermal insulated pipes of
3 — 6 inches standard dlwhy usn:ié Computed Radiographic technique. The Fujifilm BAS-
MS imaging plate CHW wﬁh al0i25 }’un thick lead intensifying screen was used as the image

crﬁd m-;fmtmn. a Potter-Bucky grid was placed on the film/screen
ﬁ:rr eva:xn of the pipe wall thickness was also developed. The

a 160 kV constant potential x-ray machine with 400

recorder. To reduce sc
cassette. In additiony

technique was tested x rays
r —
pm focus size and gam r@s from a 32'(’;??211{
J LJJ: 1\'1’/4
F ""j.' -?f,{;
The result revealed thar&:c radwg;ﬁﬁ’r images of thermal insulated pipes from 192lr

gamma-rays gave. i,he better i 1mage quaht}r ﬂiﬁﬁ‘ tE'osc from 16}0 kV x-rays. It was also showed the

\_ -r - = —_— ——

image quality fro JDbtamcd from a Kodak AA400

-

industrial x-ray filr, The image from the image plate could be further enhanced and analyzed by

using the developed software. The error of pipe wall thickness determined by the proposed

technique and the.developed software was found to be less than 5%,
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MANUIN N.1

swaziveagUuunlumsisziiuanuriu (Use Case Template)

=S o 1 = 9 d! Y o 1Y o
51882100av9INI MU IULAaZ NI AT 15U (Use Case) RN E TR LS IR FRYLTATN

Tdsunsuldluszuulszdiuanunuimoe Uszaou ldae 3 nsaimslgaunan laun msala

9
[

J o a v 1 [ 1
ll‘V\lﬁﬂTW miszumuﬂi 1azmMsUssIUUANNHUIVOIHIIND AN51882100AYADSNTUATH

Use case name : N3 fﬂﬂgﬂm‘w ID: 1 Importance level : High
Primary actor : Ejéfmmi watlsziuu Use Case type : Detail, essential
Stakeholders and interests : I?:!j{gl}mmi Walseiu
Brief description : %umunmﬂ@"lﬂﬁgﬂmw
Trigger : N
Type : External
Relationship :
Association ; davamismailsziiy
Include : agilam
Extend : UsLHUANUNHIVDINIT N
Generation : =
Normal flow of event 1. dauflunmdidesmsiedluguvunin
Subflows : s-1: sz iamsilandly
1. Suinulufidums dadreszu eazainlumsida
wili@uasasa
2. szutziany 4 uity dwqmﬁwfu
Alternate/exception flows :
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Use case name : N13521a1duls

ID: 2 Importance level : High

. Y Y a
Primary actor : @mmmmaﬂszmu

Use Case type : Detail, essential

Stakeholders and interests : | @09 1IHAY 21U
Brief description : Tufindduls o vagiidla uiluamn
Trigger : srymamls
Type : External
Relationship :

Association ; HAvImsHasziliy

Include : eFATGR ERTI

Extend : 7

Generation : 7

Normal flow of event :

1. szymeaalsvanlumaiseiiv

Subflows :

@ < T
S-1: duAUAINLLS

Y
1. aTunnmdaals luvae 1Fanuiug
Y v =K v I A
2. ansaldmdulsaniuinnatazdamy uilunni

~ % Y
UTANWALIYVIDYLLAD

Alternate/exception flows :
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Use case name : MIUIZNUANUAUIUDINIY | ID : 3 Importance level : High
o
Primary actor : é’&"mmi watlsziiuy Use Case type : Detail, essential

Stakeholders and interests :

Y Y a
HAoIMInallsziiiu

Brief description : UsIUANUN U VD INTIND
Trigger : ABaMINavINsTziy
Type : External
Relationship :
Association ; AAvamswatlszily
Include : UsUNUANUN VD INTIND
Extend : 7
Generation : =

Normal flow of event :

[

o 1A Y a
1. SUAMKHUINABIN5T52Iun
2. 32UVIAK A WHUATUAY uazdurisganie
3. UsUNUMIANUHUIVBIND TAsNITU TINNUAIAD

Ao d Y 9 A
llﬂﬁﬂ%ﬂlﬂﬂlljﬂﬂuwu']u

Subflows :

S-1: UEAINA
J A 9 a
1. teraa vuaveeion ldvinmsilsziiv
! o 1 d‘ a
2. uaaan Awruanilsziiig
3. waasdyanual EyA umuAFanuUY 0 ey

Tnswde gaisudu tag yagane nldlumsisedu

Alternate/exception flows :
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MANHIN N.2

Tilsunsumstsziiuanunuveaniiane
Option Explicit
Private m_cMRU As New cMRUFileList
Private m_bInIDE As Boolean
Private Declare Function GetTempPath Lib "kernel32" Alias "GetTempPathA" (ByVal
nBufferLength As Long,

ByVal IpBuffer As String) As Long
Private Declare Function GetTempFileName Lib "kernel32" Alias "GetTempFileNameA" (ByVal
lpszPath As String,

ByVal IpPrefixString As String, ByVal wUnique As Long, ByVal IpTempFileName As
String) As Long
Private Declare Function GetDeviceCaps Lib "gdi32" (ByVal hdc As Long, ByVal nIndex As
Long) As Long
Private Declare Function GetDC Lib "user32" (ByVal hwnd As Long) As Long
Private Declare Function GetDesktopWindow Lib "user32" () As Long
Private Declare Function ReleaseDC Lib "user32" (ByVal hwnd As Long, ByVal hdc As Long)
As Long
Private Const BITSPIXEL = 12 ' Number of bits per pixel
Private Declare Function ShellExecute Lib "shell32.d11" Alias "ShellExecuteA" (ByVal hwnd As
Long,

ByVal IpOperation As String, ByVal IpFile As String, ByVal IpParameters As String, ByVal
IpDirectory As String,

ByVal nShowCmd As Long) As Long
Private Declare Function ShellExecuteForExplore Lib "shell32.d11" Alias "ShellExecute A"
(ByVal hwnd As Long,

ByVal IpOperation As String, ByVal IpFile As String, IpParameters As Any, IpDirectory As
Any, ByVal nShowCmd As Long) As Long
Public Enum EShellShowCons

tants



essSW_HIDE =0
essSW_MAXIMIZE =3
essSW_MINIMIZE = 6
essSW_SHOWMAXIMIZED = 3
essSW_SHOWMINIMIZED =2
essSW_SHOWNORMAL =1
essSW_SHOWNOACTIVATE =4
essSW_SHOWNA = 8§
essSW_SHOWMINNOACTIVE =7
essSW_SHOWDEFAULT =10
essSW_RESTORE =9
essSW_SHOW =5
End Enum
Private Const ERROR FILE NOT _FOUND =2&
Private Const ERROR_PATH NOT_FOUND = 3&
Private Const ERROR BAD FORMAT =11&
Private Const SE ERR_ACCESSDENIED = 5 ' access denied
Private Const SE_ ERR ASSOCINCOMPLETE = 27
Private Const SE_ ERR DDEBUSY =30
Private Const SE_ ERR DDEFAIL =29
Private Const SE_ ERR DDETIMEOUT = 28
Private Const SE_ ERR DLLNOTFOUND = 32
Private Const SE- ERR_FNF =2 ! file not found
Private Const SE_ ERR NOASSOC = 31
Private-Const SE. ERR PNF = 3 ' path not found
Private Const SE_ ERR OOM = § "out of memory

Private Const SE_ ERR SHARE = 26

Private Const MAX PATH =260
Public Function ShellEx(

ByVal sFlle As String,

Optional ByVal eShowCmd As EShellShowConstants = essSW_SHOWDEFAULT, _

62



nn
.

Optional ByVal sParameters As String =
Optional ByVal sDefaultDir As String ="", _
Optional sOperation As String = "open", _
Optional Owner As Long =0 _
) As Boolean
Dim IR As Long
Dim IErr As Long, sErr As Long
If (InStr(UCase$(sFlle), ".EXE") <> 0) Then
eShowCmd =0
End If
On Error Resume Next
If (sParameters = "") And (sDefaultDir = "") Then
IR = ShellExecuteForExplore(Owner, sOperation, sFlle, 0, 0, essSW_SHOWNORMAL)
Else
IR = ShellExecute(Owner, sOperation, sFlle, sParameters, sDefaultDir, eShowCmd)
End If
If (IR <0) Or (IR > 32) Then
ShellEx = True
Else
' raise an appropriate error:
IErr = vbObjectError + 1048 + IR
Select Case IR
Case 0
[Err = 7:sErr="0ut of memory"
Case ERROR_FILE-NOT FOUND
[Err = 53: sErr = "File not found"
Case ERROR PATH NOT_FOUND
1Err = 76: sErr = "Path not found"
Case ERROR BAD FORMAT
sErr = "The executable file is invalid or corrupt"
Case SE_ERR_ACCESSDENIED

1Err = 75: sErr = "Path/file access error"
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Case SE_ERR_ASSOCINCOMPLETE
sErr = "This file type does not have a valid file association."
Case SE_ ERR DDEBUSY
1Err = 285: sErr = "The file could not be opened because the target application is busy.
Please try again in a moment."
Case SE_ ERR DDEFAIL
1Err = 285: sErr = "The file could not be opened because the DDE transaction failed.
Please try again in a moment."
Case SE_ ERR DDETIMEOUT
1Err = 286: sErr = "The file could not be opened due to time out. Please try again in a
moment."
Case SE_ ERR_ DLLNOTFOUND
|Err = 48: sErr = "The specified dynamic-link library was not found."
Case SE_ ERR_FNF
IErr = 53: sErr = "File not found"
Case SE_ ERR_NOASSOC
sErr = "No application is associated with this file type."
Case SE_ ERR_ OOM
IErr = 7: sErr = "Out of memory"
Case SE_ ERR PNF
IErr = 76: sErr = "Path not found"
Case SE_ ERR SHARE
1Err = 75: sErr="A sharing violation-occurred."
Case Else
sErr =" An error occurred-occurred whilst trying to-open or print-the selected file."

End Select

Err.Raise 1Err, , App.EXEName & ".GShell", sErr
ShellEx = False
End If

End Function



Public Property Get TempDir() As String
Dim sRet As String, ¢ As Long
sRet = String$(MAX_PATH, 0)
¢ = GetTempPath(MAX PATH, sRet)
If ¢ = 0 Then Err.Raise Err.LastDIlError
TempDir = Left$(sRet, ¢)
End Property
Public Property Get TempFileName(
Optional ByVal sPrefix As String,
Optional ByVal sPathName As String) As String
Dim iPos As Long
If sPrefix = "" Then sPrefix = ""
If sPathName = "" Then sPathName = TempDir
Dim sRet As String
sRet = String(MAX_ PATH, 0)
GetTempFileName sPathName, sPrefix, 0, sRet
If (Err.LastD1lError <> 0) Then Err.Raise Err.LastDIlError
iPos = InStr(sRet, Chr$(0))
If (iPos <> 0) Then
TempFileName = Left$(sRet, (iPos - 1))
Else
TempFileName = sRet
End If
End Property
Private Function InIDECheck() As Boolean
m_bInIDE = True
InIDECheck = True
End Function
Public Sub AddMRUFile(ByVal sFlle As String)
m_cMRU.AddFile sFlle
pShowMRU

End Sub
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Public Property Let ProgressMax(ByVal IMax As Long)
prgMain.Max = IMax
End Property
Public Property Let ProgressValue(ByVal [Value As Long)
prgMain.Position = [Value
End Property
Public Property Let ShowProgress(ByVal bShow As Boolean)
prgMain.Visible = bShow
End Property
Public Sub SetStatus(
Optional ByVal sMain As String = "#",
Optional ByVal slmage As String = "#",
Optional ByVal sSize As String ="#"
)
If (sMain <> "#") Then
IblStatus.Caption ="" & sMain
End If
If (sImage <> "#") Then
Ibllmage.Caption =" " & sImage
End If
If (sSize <> "#") Then
IblSize.Caption =" " & sSize
End If
End Sub
Private Function GetActiveform(ByRef f As frmImage) As Boolean
If Not (Me.ActiveForm Is Nothing) Then
If (Me.ActiveForm.Name = "frmImage") Then
Set f = Me.ActiveForm
GetActiveform = True
Else
MsgBox "Please select an Image to process.", vbInformation

End If



Else

MsgBox "Please select an Image to process.", vbInformation

End If
End Function
Private Sub pOpen(Optional ByVal sFlle As String ="")
Dim ¢ As New GCommonDialog
Dim bContinue As Boolean
Result=0
bContinue = True
If (sFIle ="") Then
' Get a new file:
bContinue = False
If (c.VBGetOpenFileName(sFlle, , , , , , "Picture Files
(*.BMP;*.GIF;*.JPG;* .DIB)|*. BMP;*.GIF;* JPG;*.
DIB|Bitmap Files (*.BMP;* .DIB)[*.BMP;*.DIB|GIF Files (*.GIF)[*.GIF|JPEG Files
(*JPG)|*JPGJ|AIl Flles (*.*)[*.*", 1,
,, "BMP", Me.hwnd)) Then
bContinue = True
End If
End If
If (bContinue) Then
Dim f As New frmImage
If (f.OpenFile(sFIle)) Then
f.Show
Else
Unload
End If
End If
Calculation.Show

End Sub
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Private Sub pSave()
Dim f As frmImage
If (GetActiveform(f)) Then
f.SaveFile
End If
End Sub
Private Sub pPrint()
Dim wid As Single
Dim hgt As Single
Dim f As frmImage
If (GetActiveform(f)) Then
' Make the current image with the text
' a permanent part of the image.
f.Picture = f.Image
' Set the PictureBox's ScaleMode to pixels to
" make things interesting.
f.ScaleMode = vbPixels
' Print the picture.
Printer.PaintPicture f.Picture,
1440, 1440
' Get the picture's dimensions in the printer's
' scale mode.
"wid = ScaleX(f.ScaleWidth, f.ScaleMode, Printer.ScaleMode)
"hgt = ScaleY(f.ScaleHeight, f.ScaleMode, Printer.ScaleMode)
' Draw the box.
"Printer.Line (1440, 1440)-Step(wid, hgt), , B
' Finish printing.
Printer.EndDoc
MsgBox "Done"
End If
End Sub

Private Sub pShowMRU()



Dim i As Long
Fori=1 To m_cMRU.FileCount
If (m_cMRU.FileExists(i)) Then
mnuFile(i + 4).Visible = True
mnuFile(i +4).Caption = m_cMRU.MenuCaption(i)
End If
Next i
mnuFile(9).Visible = (m_c¢MRU.FileCount > 0)
End Sub
Private Sub MDIForm_Load()
Dim cR As New cRegistry
Dim IHDC As Long
Dim IhWNd As Long
Dim sMsg As String
m_cMRU.MaxFileCount = 4
cR.ClassKey = HKEY CURRENT USER
cR.SectionKey = "Software\vbAccelerator\vbImageProc"
m_cMRU.Load cR
pShowMRU
Me.Show
Debug.Assert (InIDECheck = True)
'If (m_bInIDE) Then
' MsgBox "You are running this.sample in the VB IDE." & vbCrLf & vbCrLf & "
Please note that the Image Processing functions run 25 - 50x quicker when compiled to
Native Code.",
vbInformation
'End If
1ThWNd = GetDesktopWindow()
IHDC = GetDC(IhWNd)
If (GetDeviceCaps(IHDC, BITSPIXEL) <= 8) Then
sMsg = "Screen colour depths below 16 bits/pixel are not supported by this sample."

If (m_bInIDE) Then
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sMsg = sMsg & vbCrLf & vbCrLf & "You must exit out of VB, change colour depth
and re-load in VB to get it to work."
End If
MsgBox sMsg, vbExclamation
End If
ReleaseDC IhWNd, IHDC
End Sub
Private Sub MDIForm_QueryUnload(Cancel As Integer, UnloadMode As Integer)
Dim i As Long
If UnloadMode <> vbAppWindows And UnloadMode <> vbAppTaskManager Then
Fori=0 To Forms.Count - 1
If (Forms(i).Name = "frmImage'") Then
If (Forms(i).Dirty) Then
If Not (Forms(i).QuerySave()) Then
Cancel = True
Exit Sub
End If
End If
End If
Next i
End If
Dim cR As New cRegistry
cR.ClassKey =HKEY-CURRENT.USER
cR.SectionKey = "Software\vbAccelerator\vbImageProc"
m_cMRU.Save cR
End Sub
Private Sub mnuEdit_Click(Index As Integer)
Dim f As frmImage
Dim sName As String
Select Case Index
Case 1

If (GetActiveform(f)) Then



f.Copylmage
End If
Case 2
On Error GoTo PastelmageError
Dim sPic As New StdPicture
Set sPic = Clipboard.GetData(vbCFBitmap)
sName = TempFileName("VBIM")
SavePicture sPic, sName
Dim fN As New frmImage
If (fN.OpenFile(sName, True)) Then
fN.Show
Else
Unload fN
End If
On Error Resume Next
Kill sName
Case 3
Calculation.Show
End Select
Exit Sub
PasteImageError:
MsgBox "An error occured whilst trying to paste this image: " & Err.Description,
vbExclamation
On Error Resume Next
Kill-sName
Exit Sub
End Sub
Private Sub mnuFile Click(Index As Integer)
Select Case Index
Case 0
Calculation.Show

pOpen



Case 1
pSave
Case 3
pPrint
'MsgBox "Left as an exercise...", vbInformation
Case 5 To 8
pOpen m_cMRU . file(Index - 4)
Case 10
Unload Me
End Select

End Sub

Private Sub mnuHelp Click(Index As Integer)
'Select Case Index
'Case 0
" shell
" ShellEx "http://www.dogma.demon.co.uk", , , ,, Me.hwnd
'Case 2
" frmAbout.Show vbModal, Me
'End Select
'frmAbout.Show vbModal, Me
frmAbout.Show
End Sub
Private Sub mnulmage Click(Index As Integer)
Dim fAs frmlmage
If (GetActiveform(f)) Then
Select Case Index
Case 0
f.ProcessIlmage eSoften
Case 1
f.Processlmage eSoftenMore

Case 2
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f.ProcessIlmage eBlur
Case 3
f.ProcessImage eBlurMore
Case 5
f.Processlmage eSharpen
Case 6
f.ProcessIlmage eSharpenMore
Case 7
f.ProcessImage eUnSharp
Case 9
f.ProcessImage eEmboss
Case 11
pCustomFilter f
End Select
End If
End Sub
Private Function pCustomFilter(ByRef f As frmImage) As Boolean
Dim fC As New frmCustomFilter
fC.Show vbModal, Me
If Not (fC.Cancelled) Then
f.LoadCustomFilter fC.ImageProcess
f.ProcessImage eCustom
End If
End Function
Private Sub picStatus- Resize()
Dim IW As Long
On Error Resume Next
IW = Ibllmage.Width + 2 * Screen. TwipsPerPixelX + IblSize. Width + 2 *
Screen. TwipsPerPixelX
If (Me.ScaleWidth - IW < 64 * Screen. TwipsPerPixelX) Then
IbIStatus.Width = Me.ScaleWidth - 1bIStatus.Left * 2

prgMain.Width = 1blStatus. Width
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IblSize.Visible = False
Ibllmage.Visible = False
Else
IblSize.Visible = True
Ibllmage.Visible = True
IbIStatus.Width = Me.ScaleWidth - IblStatus.Left * 2 - IW
prgMain.Width = IblStatus. Width
IblImage.Left = IblStatus.Left * 2 + IblStatus.Width + 2 * Screen. TwipsPerPixelX
IblSize.Left = Ibllmage.Left + lbllmage. Width + 2 * Screen. TwipsPerPixel X
End If

End Sub

Option Explicit

Public m_sFIleName As String
Public m_sFlleTitle As String

Private m_bDirty As Boolean

Dim XPoint(500) As String
Dim xx As Integer

Dim yy As Integer

Dim TMin As Double
Dim TMax As Double
left

Dim LBegin As-Integer
Dim LEnd As Integer
Dim Lrenge As Integer
'Right

Dim RBegin As Integer
Dim REnd As Integer
Dim Rrenge As Integer

'Buttom



Dim BBegin As Integer
Dim BEnd As Integer
Dim Brenge As Integer
'"Top
Dim TBegin As Integer
Dim TEnd As Integer
Dim Trenge As Integer
Private WithEvents m_cImage As clmageProcess
Public Sub CopyImage()
Clipboard.Clear
Clipboard.SetData piclmage.Picture, vbCFBitmap
End Sub
Public Sub ProcessImage(ByVal eType As EFilterTypes)
With m clmage
.FilterType = eType
.ProcessImage piclmage, picBuff
m_bDirty = True
End With
End Sub
Public Sub LoadCustomFilter(ByRef cI As cimageProcess)
Dim i As Long, j As Long
With m_cIlmage
.FilterType = eCustom
FilterWeight = cI.FilterWeight
FilterArraySize = cl.FilterArraySize
For i = -cL.FilterArraySize \ 2 To cL.FilterArraySize \ 2
For j = -cl.FilterArraySize \ 2 To cL.FilterArraySize \ 2
FilterValue(i, j) = cl.FilterValue(i, j)
Next j
Next i
End With

End Sub
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Public Property Get Dirty() As Boolean
Dirty = m_bDirty
End Property
Public Function QuerySave() As Boolean
Dim eR As VbMsgBoxResult
eR = MsgBox("The image "' & m_sFIleTitle & "' has been changed." & vbCrLf & vbCrLf &
"Do you want to save it?",
vbYesNoCancel Or vbQuestion)
Select Case eR
Case vbYes
If (SaveFile()) Then
QuerySave = True
End If
Case vbNo
QuerySave = True
Case vbCancel
' cancel..
End Select

End Function

Public Function OpenFile(ByVal sFlle As String, Optional ByVal blsTemp As Boolean = False)
As Boolean
On Error GoTo OpenFileError
mfrmMain.SetStatus "Opening " & sFlle & "..."
picImage = LoadPicture(sFIle)
picBuff = LoadPicture(sFlIle)
If Not (bIsTemp) Then
Caption = "Image: " & sFlle
Filename = sFlle
mfrmMain.SetStatus "Opened " & sFlle & ".", FileTitle, piclmage. Width \

Screen. TwipsPerPixelX & " x "



& piclmage.Height \ Screen. TwipsPerPixel Y
mfrmMain.AddMRUFile sFlle
End If
piclmage.Refresh
picScrollBox_Resize
OpenFile = True
Exit Function
OpenkFileError:
MsgBox "An error occured trying to open this file: " & Err.Description, vbExclamation
Exit Function
End Function
Public Function SaveFile() As Boolean
Dim sName As String
Dim iPos As Long
Dimi As Long
Dim ¢ As New GCommonDialog
On Error GoTo SaveFileError
' Strip extenstion:
For i = Len(m_sFIleName) To 1 Step -1
If (Mid$(m_sFlleName, i, 1) =".") Then

iPos=1i-1
Exit For
End If
Next i

If (iPos> 1) Then

sName = Left$(m sFlleName, iPos) & ".bmp"
Else

sName = m_sFIlleName & ".bmp"

End If

' Ask to save:
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If c.VBGetSaveFileName(sName, , , "Bitmap Files (*. BMP)|*.BMP|All Files (*.*)|*.*",
"BMP", Me.hwnd) Then
SavePicture piclmage.Image, sName
Filename = sName
mfrmMain.AddMRUFile sName
Caption = "Image: " & sName
m_bDirty = False
End If

Exit Function

SaveFileError:
MsgBox "An error occured trying to save this file: " & Err.Description, vbExclamation

Exit Function

End Function
Public Property Let Filename(ByVal sName As String)
Dim i As Long, iPos As Long
m_sFlleName = sName
For i = Len(sName) To 1 Step -1
If Mid$(sName, i, 1) ="\" Then
iPos =1+ 1
Exit For
End If
Next i
If (iPos> 0) Then
m_sFIleTitle = Mid$(sName, iPos)
Else
m_sFlleTitle = sName

End If

End Property
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Public Property Get Filename() As String
Filename = m_sFIleName
End Property
Public Property Get FileTitle() As String
FileTitle = m_sFlleTitle
End Property
Private Sub Form Activate()
mfrmMain.SetStatus , Me.FileTitle, piclmage. Width \ Screen. TwipsPerPixelX & " x "
& piclmage.Height \ Screen. TwipsPerPixelY
End Sub
Private Sub Form_Load()
Set m_clmage = New clmageProcess
End Sub
Private Sub Form_Resize()
If Me.WindowState <> vbMinimized Then
picScrollBox.Move 2 * Screen. TwipsPerPixelX, 2 * Screen. TwipsPerPixelY,
Me.ScaleWidth - 4 * Screen.
TwipsPerPixel X, Me.ScaleHeight - 4 * Screen. TwipsPerPixelY
End If
End Sub
Private Sub hscScroll Change()
piclmage.Left = -Sereen. TwipsPerPixelY * hscScroll.Value
End Sub
Private Sub hscScroll- Scroll()
hscScroll_Change
End Sub
Private Sub m_cImage Complete(ByVal ITimeMs As Long)
mfrmMain.ShowProgress = False
mfrmMain.SetStatus "Complete. Time =" & ITimeMs

End Sub



Private Sub m cImage InitProgress(ByVal IMax As Long)
mfrmMain.ProgressMax = IMax
mfrmMain.ProgressValue = 0
mfrmMain.ShowProgress = True

End Sub

Private Sub m_cImage Progress(ByVal IPosition As Long)
mfrmMain.ProgressValue = [Position

End Sub

Private Sub piclmage MouseDown(Button As Integer, Shift As Integer, CX As Single, CY As

Single)

Dim X As Double
TMin =0
TMax =0
'1. left to right Left >>>>> Right
For xx =0 To 100
XPoint(xx) = piclmage.Point(CX + xx, CY)
If Int(XPoint(xx)) <= 100000 Then
TMin = Int(XPoint(xx))
LBegin =xx+ 1
Elself XPoint(xx) >= TMax Then
TMax = Int((XPoint(xx)))
LEnd = xx
Elself XPoint(xx) < TMax Then xx = 100
End If
Next
Lrenge = LEnd - LBegin
If Lrenge > 0 Then
link wi= Lrenge * 0.1025641025641
End If
'2. right to left Left <<<<< Right
For xx =0 To 100

XPoint(xx) = piclmage.Point(CX - xx, CY)
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If Int(XPoint(xx)) <= 100000 Then
TMin = Int(XPoint(xx))
RBegin = xx + 2
Elself XPoint(xx) >= TMax Then
TMax = Int((XPoint(xx)))
REnd = xx
Elself XPoint(xx) < TMax Then xx = 100
End If
Next
Rrenge = REnd - RBegin
If Rrenge > 0 Then
link wi = Rrenge * 0.1025641025641
End If
'3. Top to Buttom Top >>>>> Buttom
For yy =0 To 50
XPoint(yy) = piclmage.Point(CX, CY + yy)
If Int(XPoint(yy)) <= 100000 Then
TMin = Int(XPoint(yy))
TBegin=yy - 12
Elself XPoint(yy) >= TMax Then
TMax = Int((XPoint(yy)))
TEnd =vyy - 12
Elself XPoint(yy) < TMax Then
yy. =100
End'If
Next
Trenge = TEnd - TBegin
If Trenge > 0 Then
link wi= Trenge * 0.1025641025641
End If

'3. Buttom to Top Buttom >>>>> Top
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Foryy =0 To 50
XPoint(yy) = picImage.Point(CX, CY - yy)
If Int(XPoint(yy)) <= 100000 Then
TMin = Int(XPoint(yy))
BBegin =yy + 12
Elself XPoint(yy) >= TMax Then
TMax = Int((XPoint(yy)))
BEnd =yy + 12
Elself XPoint(yy) < TMax Then
yy =100
End If
Next
Brenge = BEnd - BBegin
If Brenge > 0 Then
link wi = Brenge * 0.1025641025641
End If
BeERE Calculate Result *#%*
Result = link_wi * (Resultf - Resultr) / Resultf
PRk EPrint Result**#*
piclmage.AutoRedraw = True
piclmage.ForeColor = vbBlue
piclmage.BackColor = vbBlack
piclmage.Font.Name ="Times New-Roman"
piclmage.Font.Size = 10
piclmage.Font.Bold = True
"Picturel.CurrentX = (picFrom.ScaleWidth - picFrom.TextWidth("Cats"))/ 2
piclmage.CurrentX = 0
piclmage.CurrentY = 30
"*** For Left to right
If Lrenge > 0 Then
piclmage.CurrentX = 0

piclmage.CurrentY = CY - 100
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picImage.Print "Mouse Click X"; CX
piclmage.Print "Mouse Click Y"; CY
piclmage.Print "Begin point"; LBegin
piclmage.Print "End point"; LEnd
picImage.Print "Dist(Pixel)"; Lrenge
picImage.Print "wi(mm)"; link_wi
piclmage.Print "Dist(mm)"; Result

" mark point begin
piclmage.ForeColor = vbYellow
piclmage.CurrentX = CX + LBegin
piclmage.CurrentY = CY
piclmage.Print "|";

"mark point end
piclmage.ForeColor = vbYellow
picImage.CurrentX = CX + LEnd
piclmage.CurrentY = CY

piclmage.Print

"|l|-
B

'after Mouse Point in to the picture *## sk

End If

¥ For right to left

If Rrenge > 0 Then
piclmage.CurrentX-= 0
piclmage.CurrentY = CY - 100
piclmage.Print "Mouse Click X"; CX
piclmage.Print "Mouse Click Y"; CY
piclmage.Print "Begin point"; RBegin
piclmage.Print "End point"; REnd
picImage.Print "Dist(Pixel)"; Rrenge
picImage.Print "wi(mm)"; link wi

picImage.Print "Dist(mm)"; Result
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"' mark point begin
piclmage.ForeColor = vbYellow
piclmage.CurrentX = CX - RBegin
piclmage.CurrentY = CY
piclmage.Print "|";

" mark point end
piclmage.ForeColor = vbYellow
picImage.CurrentX = CX - REnd
piclmage.CurrentY = CY
piclmage.Print "|";

'after Mouse Point in to the picture ##### sk
End If

"*** For Top to Buttom

If Trenge > 0 Then

piclmage.CurrentX = 0

picImage.CurrentY = CY - 100

picImage.Print "Mouse Click X"; CX
piclmage.Print "Mouse Click Y"; CY
piclmage.Print "Begin point"; TBegin + 12
piclmage.Print "End point"; TEnd + 12
picImage.Print "Dist(Pixel)"; Trenge
picImage.Print "wi(mm)"; link wi

picImage.Print "Dist(mm)"; Result

" mark point begin

piclmage.ForeColor = vbYellow
piclmage.CurrentX = CX

piclmage.CurrentY = CY + TBegin

piclmage.Print " ";

"' mark point end

piclmage.ForeColor = vbYellow
piclmage.CurrentX = CX

piclmage.CurrentY = CY + TEnd
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piclmage.Print " ";
'after Mouse Point in to the picture **# % kskwskwskwk
End If
"** For Buttom to Top
If Brenge > 0 Then
piclmage.CurrentX = 0
piclmage.CurrentY = CY - 100
piclmage.Print "Mouse Click X"; CX
piclmage.Print "Mouse Click Y"; CY
piclmage.Print "Begin point"; BBegin - 12
piclmage.Print "End point"; BEnd - 12
piclmage.Print "Dist(Pixel)"; Brenge
piclmage.Print "wi(mm)"; link wi
piclmage.Print "Dist(mm)"; Result
"mark point begin
piclmage.ForeColor = vbRed
piclmage.CurrentX = CX
piclmage.CurrentY = CY - BBegin
piclmage.Print "-";
" mark point end
piclmage.ForeColor = vbRed
piclmage.CurrentX = CX
piclmage.CurrentY-= CY - BEnd
piclmage.Print "-";
'after Mouse Point-in to-the picture #%### &k dw sk
End If

End Sub

Private Sub picScrollBox_Resize()
On Error Resume Next
hscScroll.Visible = (picScrollBox.ScaleWidth - vscScroll. Width < picImage. Width)
vscScroll. Visible = (picScrollBox.ScaleHeight - hscScroll. Height < piclmage.Height)

If (hscScroll. Visible) Then
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hscScroll.Max = (picImage.Width - picScrollBox.ScaleWidth + vscScroll. Width *
Abs(vscScroll.Visible))
\ Screen. TwipsPerPixelX
hscScroll.SmallChange = 32
hscScroll.Move 0, picScrollBox.ScaleHeight - hscScroll.Height, picScrollBox.ScaleWidth -
(vscScroll.Width * Abs(vscScroll.Visible))
End If
If (vscScroll.Visible) Then
vscScroll.Max = (picImage.Height - picScrollBox.ScaleHeight + hscScroll. Height *
Abs(hscScroll. Visible))
\ Screen.TwipsPerPixel Y
vscScroll.SmallChange = 32
vscScroll.Move picScrollBox.ScaleWidth - vscScroll. Width, 0, vscScroll. Width,
picScrollBox.ScaleHeight -
(hscScroll.Height * Abs(hscScroll.Visible))
End If
End Sub
Private Sub vscScroll Change()
piclmage.Top = -Screen. TwipsPerPixelY * vscScroll.Value
End Sub
Private Sub vscScroll_Scroll()
vscScroll_Change

End Sub

Dim f-As Double

Dim r As Double

Dim rr As Double

Dim wi As Double
On Error GoTo CalculateError
f=CDbl(Var f.Text)
r=CDbl(Var_R.Text)

rr = CDbl(Var_rr.Text)
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wi = link_wi
'Var_Wi.Text = wi

'wi = Lrenge

' Formula
Result=wi* (f-r)/f
Resultf=f

Resultr =r

Resultrr =11

TResult.Text = Result

Unload Me

Exit Sub
CalculateError:

TResult. Text ="*
End Sub
Private Sub Form_Load
'wi = link wi
Var Wi.Text = link_wi
End Sub
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Qualification and Long-Term Stability of Computed

Radiology Systems’

This standard is issued under the fixed designation E 2445; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This practice specifies the fundamental parameters of
computed radiography systems to assure satisfactory and
repeatable results for nondestructive testing.

1.2 This practice describes the evaluation of Computed
Radiology (CR) systems for industrial radiography. It is
intended to ensure that the evaluation of image quality, as far
as this is influenced by the scanner/IP system, meets the needs
of users and enables the test of long-term stability.

1.3 Each of the tests described may be performed with
individual gages specified. The user shall decide which tests
shall be used for system control using individual test objects or
the CR test phantom? (Appendix X1). The computed radio-
logical tests, specified as “user tests” in this practice, may be
utilized at appropriate intervals determined by the user, based
on the application of the examination operations. The tests
shall be appropriate for the materials and range of use of the
system. Fading, uniformity, and erasure tests shall also be part
of the control system. All other tests for qualification and
capability are to be performed and certified by the CR
equipment manufacturer.

1.4 The values stated in SI units are to be regarded as the
standard. Values in inch-pound units are for information
purposes.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

" This practice is under the jurisdiction of ASTM Committee E07 on Nonde-
structive Testing and is the direct responsibility of Subcommittee-E07.01 on
Radiology (X and Gamma) Method.

Current edition approved June 1, 2005. Published June 2005.

2 The sole source of supply of the apparatus known to the committee at this time
is Nuclear Associates, A Division of Cardinal Health, 120 Andrews Road,
Hicksville, NY 11801, Phone: 1-888-466-8257, Catalog Number: 07-605-2435. If
you are aware of alternative suppliers, please provide this information to ASTM
International Headquarters. Your comments will receive careful consideration at a
meeting of the responsible technical committee,! which you may attend.

2. Referenced Documents

2.1 ASTM Standards: *

E 1316 Terminology for Nondestructive Testing

E 1647 Practice for Determining Contrast Sensitivity in
Radioscopy

E 2002 Practice for Determining Total Image Unsharpness
in Radiology

E 2007 Guide for Computed Radiology (PSL Method)

E 2033 Practice for Computed Radiology (PSL Method)

E 2446 Practice for Classification of Computed Radiogra-
phy Systems

3. Terminology

3.1 Definitions—The definition of terms relating to gamma-
and X-radiology, which appear in Terminology E 1316, Guide
E 2007, and Practice E 2033 shall apply to the terms used in
this practice.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 aliasing—pre-sampled high spatial frequency signals
beyond the Nyquist frequency (given by the pixel distance)
reflected back into the image at lower spatial frequencies.

3.2.2 computed radiology system (CR system)—a complete
system of a storage phosphor imaging plate (IP) and corre-
sponding read out unit (scanner or reader), which converts the
information of the IP into a digital image (see also Guide
E 2007).

3.2.3 computed radiology system class—a particular group
of storage phosphor imaging plate systems, which is charac-
terized by -a SNR' (Signal-to-Noise Ratio) range shown in
Table 1 and by a certain unsharpness range (for example,
MTF,,-value) in a specified exposure range.

3.2.4 CR phantom—a device containing an arrangement of
test targets to evaluate the quality of a CR system, as well as
monitoring the quality of the chosen system.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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3.2.5 gain/amplification—opto-electrical gain setting of the
scanning system.

3.2.6 ISO speed S,p—defines the speed of a CR system and
is calculated from the reciprocal dose value, measured in Gray,
which is necessary to obtain a specified minimum SNR of a CR
system.

3.2.7 laser beam jitter—a lack of smooth movement of the
imaging plate/laser scanning device, which results in lines of
the image, which consist of a series of steps.

3.2.8 linearized signal intensity—a numerical signal value
of a picture element (pixel) of the digital image, which is
proportional to the radiation dose. The linearized signal inten-
sity is zero, if the radiation dose is zero.

3.2.9 long-term stability—performance measurements of a
CR system over the life-cycle of the devices, used to evaluate
relative system performance over time.

3.2.10 scanner slippage—the slipping of an IP in a scanner
transport system resulting in fluctuation of intensity of hori-
zontal image lines.

3.2.11 signal-to-noise ratio (SNR)—quotient of mean value
of the linearized signal intensity and standard deviation of the
noise (intensity distribution) at this signal intensity. The SNR
depends on the radiation dose and the CR system properties.

4. Significance and Use

4.1 There are several factors affecting the quality of a CR
image including the spatial resolution of the IP system,
geometrical unsharpness, scatter and contrast sensitivity
(signal/noise ratio). There are several additional factors (for
example, scanning parameters), which affect the accurate
reading of images on exposed IPs using an optical scanner.

4.2 The quality factors can be determined most accurately
by the CR equipment manufacturer tests as described in
Practice E 2446. Individual test targets, which are recom-
mended for practical user tests, are described for quality
assurance. These tests can be carried out either separately or by
the use of the CR phantom (Appendix X1). This CR phantom
incorporates many of the basic quality assessment methods and
those associated with the correct functioning of a CR system,
including the scanner, for reading exposed plates and incor-
rectly erasing IPs for future use of each plate.

4.3 This practice is for users of industrial CR systems. This
practice defines the tests to be performed, by users of CR
systems, periodically to evaluate the CR systems to prove
proper performance over the life-cycle of the system.

4.4 Application of Various Tests and Test Methods

4.4.1 Tests after Repair, Upgrade or the Use of Another IP
Type:

Since modifications, such as repair or upgrade of the CR
scanner and improved IP may improve the functionality of the
system, specialized tests are required to prove the proper
performance of the CR system.

4.4.1.1 User Tests for Long-term Stability—Quality assur-
ance in test laboratories requires periodical tests of the CR
system to prove the proper performance of the system. The
time interval depends on the degree of usage of the system and
shall be defined by the user and consideration of the CR
equipment manufacturer’s information.

4.4.1.2 The tests described in 6.2.1 through 6.2.6 require
usage of quality indicators of 5.1 or the CR test phantom shall
be used regularly at user-defined intervals to test the basic
performance. The documentation shall contain:
(1) Spatial resolution (by duplex-wire method, optional
converging line pairs),
(2) Contrast (recognized contrast percentage of the material
to examine),
(3) Slipping (yes/no),
(4) Jitter (yes/no),
(5) Shading (percentage at selected distance),
(6) Radiation parameters of the performed tests, and
(7) Date and operator name.
4.4.1.3 Fading tests should be performed only if the scanner
or IP-brand is changed without data from the CR equipment
manufacturer, or the system is used under extreme (beyond
manufacturer’s recommendation) temperature conditions. The
fading should be less than 50 % in the expected period between
exposure and scan.
4.4.1.4 The IPs shall be checked for artifacts (6.2.7) and
proper erasure (6.2.6).
4.4.1.5 Degradation of IPs or photo multipliers in the
scanner may reduce the system sensitivity after extensive
usage. For this reason, the SNR should be measured at longer
intervals (for example, annual period) by the user or service
personnel. The SNR shall not be less than 90 % of the original
value. The increase of the SNR can be accepted without limits,
if the system unsharpness is not increased.

5. Apparatus—CR Quality Indicators

5.1 Description of CR Quality Indicators for User Tests—
The following is a description of CR quality indicators, which
will be identified by reference to this practice.

5.1.1 Contrast Sensitivity Quality Indicator:

5.1.1.1 The description of the contrast sensitivity target
corresponds to Practice E 1647. For use with this practice,
three targets are made from aluminum (Material Group 02),
copper (Material Group 4) and stainless steel (Material Group
1). The target thickness is 12.5 mm (0.50 in.) aluminum, 6.3
mm (0.25 in.) copper and stainless steel. Each target contains
a contrast-area for 1, 2, 3, and 4 % wall-thickness contrast
sensitivity.

5.1.2 Duplex Wire Quality Indicator:

5.1.2.1 The description of the duplex wire quality indicator
corresponds to Practice E 2002. The gage shall be oriented at a
5% angle to the direction of the scanned lines (fast-scan
direction) or the perpendicular direction (slow-scan-direction).

5.1.3 Converging Line Pair Quality Indicator:

5.1.3.1 The target consists of five converging strips of lead
(0.03 mm (0.001 in.) thickness), which can be used for a spatial
resolution test by reading the limit of recognizable line pairs. It
shall cover a range from 1.5 to 20 line pairs per mm (Ip/mm).
Two quality indicators shall be used, one in parallel with the
scanned lines and the other one oriented in the perpendicular
direction.

5.1.4 Linearity Quality Indicators:

5.1.4.1 Rulers of high-absorbing materials are located on
the perimeter of the scanned range. Two quality indicators shall
be used, one parallel with the scanned lines and the other one
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oriented in the perpendicular direction. The scaling should be
at least in mm or tenths of inches.

5.1.5 T-target:

5.1.5.1 This CR quality indicator consists of a thin plate of
brass or copper (=0.5 mm (=0.02 in. ) thick) with sharp edges.
This plate is manufactured in a T-shape with 0.5 mm (0.2 in.)
wide segments. The T should have a size of at least 50 by 70
mm (2 by 2% in.). It shall be aligned perpendicular and parallel
to the direction of the scanned lines and is used to check for
laser jitter and may be used to measure a modulation transfer
function of the complete system (see Fig. X1.1).

5.1.6 Scanner Slipping Quality Indicator:

5.1.6.1 The quality indicator consists of a homogeneous
strip of aluminum 0.5 mm (0.02 in.) in thickness. The quality
indicator has the shape of a rectangle (see Fig. X1.1) and shall
be aligned perpendicular and parallel to the direction of the
scanned lines.

5.1.7 Shading Quality Indicator:

5.1.7.1 Different shading quality indicators may be used.
One type is based on the homogeneous exposure of an imaging
plate (IP) with a thin Al-plate 0.5 to 1.0 mm (0.06 to 0.04 in.)
above the IP. The exposure shall be made with low-energy
radiation (50 to 100 keV).

5.1.7.2 Another type is the shading quality indicator of the
CR test phantom (see X1.1).

5.1.8 Central Beam Alignment Quality Indicator (BAM-
snail):

5.1.8.1 The alignment quality indicator consists of a roll 1.5
to 2.0 mm high (0.06 to 0.08 in.) of thin lead foil separated by
a spacer of 0.1 to 0.2 mm (0.004 to 0.008 in.) of low-absorbing
material (see X1.2).

5.2 Application Procedures for CR Quality Indicators—The
CR quality indicators provide an evaluation of the quality of a
CR system as well as for a periodical quality control. Arrange-
ment of the CR quality indicators shall be in accordance with
this practice, or as specified by the cognizant engineering
organization.

5.2.1 Exposure of CR Quality Indicators (User Test):

5.2.1.1 The CR quality indicators can be applied separately
or all together in the CR phantom. The selected set of CR
quality indicators or the CR phantom is placed on the cassette,
which contains an imaging plate. The radiation source is set at
a distance of 1 m (39 in.) or greater and the beam is aligned
with the center of the plate. Above radiation energy of 100 keV,
a lead screen of 0.1 mm (0.004 in.) shall be applied between
CR quality indicators or CR phantom and the IP to reduce
scattered radiation. Test exposures are made and the radiation
and CR system functions are optimized. The final image for
evaluation is to be agreed among contracting parties.

5.2.1.2 The exposure time and the parameter setting of the
CR scanning unit determine the image quality as well as the
type of imaging plate to use. These values, the X-ray settings,
and the type of IP have to be documented and agreed, as well
as the radiation energy (keV, gamma-source type), dose (for
example, in mAs) and quality (prefilters, tube type and tube
window).

Note 1—High exposure time and low gain settings yield high contrast
resolution and SNR. Furthermore, the contrast sensitivity is higher for

large pixel size settings (high unsharpness) than for small pixel size setting
(low unsharpness).

5.2.2 Initial Assessment of CR Quality Indicators:

5.2.2.1 For initial quality assessment, examine the radio-
graphic image(s) of the CR phantom or the separated quality
indicators on the monitor (or hard copy) for the features
described in 5.1.1 to 5.1.8 and 6.2.1 to 6.2.8. The results can
provide the basis of agreement between contracting parties.

5.3 Periodical Control:

5.3.1 The CR quality indicators of 5.1.1 through 5.1.7
(alignment by 5.1.8) or the CR phantom shall be exposed and
the results examined at any interval agreed between the
contracting parties. For periodical control, ensure that the
agreed quality values of the tests 6.1.3 and 6.2.1 to 6.2.8 are
achieved.

5.4 Imaging Plate Fading:

5.4.1 The intensity of the stored image in the imaging plate
will decrease over time (called “fading”). The measurement of
fading characteristic shall be done by performing the following
steps:

5.4.1.1 Expose a plate homogeneously using typical expo-
sure conditions. For documentation, the following parameters
shall be recorded: kV, mAs, SDD, pre-filter and plate material,
and thickness. The exposed image shall have an intensity
between 70 and 90 % of the maximum possible intensity of the
CR reader at lowest gain and under linearized condition.

5.4.1.2 Readout the imaging plate five minutes after expo-
sure.

5.4.1.3 Set the linearized read-out intensity of this measure-
ment as reference (=100 %).

5.4.1.4 Always expose the imaging plate with the same
X-ray parameters (kV, mAs, and distance).

5.4.1.5 Change the time between exposure and read-out.
The time interval between exposure and readout will be
doubled for every measurement; steps are 15 min, 30 min, 1 h,
2 h, 4 h, and so forth, up to 4 days or as needed to match
application requirement for read-out.

5.4.1.6 Plot the linearized read-out intensity (gray value)
versus time between exposure and read-out of the imaging
plate.

5.4.2 The fading effect needs to be considered to ensure
correct exposure conditions.

5.4.3 To enable reproducible test results, it is important to
consider fading effects, which influence the required exposure
time. The time between exposure and read-out for all tests shall
correspond to the typical application of the CR system.

6. Qualification and Long-Term Stability Test of CR
Systems

6.1 Determination of Contrast, Unsharpness, and Basic
Spatial Resolution

6.1.1 Contrast Sensitivity Measurement:

6.1.1.1 Practice E 1647 contrast sensitivity gages are useful
for visual and computer aided determination of contrast sensi-
tivity for a selected wall thickness. Four levels of contrast
sensitivity can be measured: 1 %, 2 %, 3 % and 4 %, indepen-
dent of the imaging spatial resolution limitations. For interpre-
tation, see Practice E 1647. If image processing is available, a
profile (width = 1 pixel) shall be taken through the target. The
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average noise of the profile shall be less than or equal to the
difference in the intensity between the full and reduced wall
thickness at the read-out percentage. The exposure conditions
(kV, mAs, filters, distance, exposure time, date) and CR system
settings and type shall be documented.

6.1.2 Determination of Unsharpness and Basic Spatial
Resolution by the Duplex-Wire Method:

6.1.2.1 For testing of the basic spatial resolution, the
duplex-wire gage corresponding to Practice E 2002 can be
applied. The exposure shall be performed in a distance of 1 m
(39 in.) or greater with a focal spot size =1 mm. Focal spot size
and focus detector distance shall be selected for a geometric
unsharpness of less than 10 % of the total measured unsharp-
ness. The duplex-wire gage shall be positioned directly on the
cassette with the IP and lead screen. The measurement shall be
performed perpendicular and parallel to the scanning direction
of the laser beam. This requires two exposures with one gage
or one exposure with two gages. The duplex-wire gage shall be
used in an angle of about 5° to the scanning direction of the
laser beam and 5° to the perpendicular direction.

6.1.2.2 The measurement of unsharpness may depend on the
radiation quality. For applications above 160 kV the test shall
be performed with 220 kV (X-ray tube with beryllium window,
tungsten target and no pre-filtering). For low energy applica-
tions the radiation quality shall be 90 kV (X-ray tube with
Beryllium window, Tungsten target and no pre-filtering).

6.1.2.3 The first unresolved wire pair shall be taken for
determination of the unsharpness value corresponding to Prac-
tice E 2002. This is the first wire pair, which is projected with
a dip between the wires of less than 20 % (see Fig. 1). The
basic spatial resolution SR corresponds to one half of the
measured unsharpness.

6.1.2.4 The duplex-wire read-out shall be documented and
used for long-term stability test of the system.

6.1.2.5 The duplex-wire method allows the read-out of
stepped unsharpness values only (see table in Practice E 2002).

6.1.3 Use of Converging Line Pair Quality Indicators:

A e

6.1.3.1 Converging line pair quality indicators shall be read
both parallel and perpendicular to the scanned lines. If a
converging line pair target is located 45° to the scanning
direction, the read-out value must be divided by 1.414.

6.1.3.2 These quality indicators consist of converging line
pairs and a scale in lp/mm. The read-out value in lp/mm is
either taken (case “a”) at the location between separated and
unseparated line pairs or (case “b”) at the location, where the
number of lines is reduced by one or more.

6.1.3.3 In case “a,” the basic spatial resolution (SR) is
calculated by 1/ [2-read-out (in Ip/mm)]. In case “b,” the gages
determine at what resolution aliasing (pre-sampled high-
frequency signals beyond the Nyquist frequency reflected back
into the image at lower spatial frequencies) occurs. Usually this
corresponds to the pixel size of the scanner. It is also calculated
by 1| / [2-read-out (in lp/mm)].

6.1.3.4 The recommended quality assurance schedule shall
be agreed between the contacting parties. However, the reso-
lution test should also be assessed after any servicing of the
optics of the CR reader and usage of new IP types.

6.1.3.5 The accuracy of the converging line pair method
depends on the SNR of the exposure, the radiation quality and
the geometrical conditions as well as scatter effects in the
cassette/IP/screen system. For high SNR (>100) and negligible
geometrical unsharpness the standard deviation of this method
between | and 10 Ip/m is about =0.2 Ip/mm. If there are
differences between the method in accordance with 6.1.2 and
6.1.3 the value of 6.1.2 shall be taken (in agreement with
Practice E 2002).

6.2 Other Evaluations

6.2.1 Geometric Distortions:

6.2.1.1 The spatial linearity of the CR system shall be
checked by exposing a spatial linearity quality indicator
(mm-scale or finer), which is made from high-absorbing
material) in x- and y-direction. The IP transport system should
not allow the IP to tilt or twist during the scan resulting in a

x — length in mm
y — signal intensity in arbitrary units

PSS S S DD S e

24

Note—The two wires of a wire pair are resolved if the dip between the line maxima is greater than 20 % of the maximum intensity.
FIG. 1 Resolution Criterion for the Evaluation of Duplex-Wire Profiles
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geometrical image distortion. The measured spatial non-
linearities shall be less than 5 %.

6.2.2 Laser Beam Function:

6.2.2.1 Laser beam scan line integrity, beam jitter, signal
dropout, and focus are evaluated in this test.

6.2.2.2 Expose a T-target from high-absorbing material (see
5.1.5). Laser beam jitter is evaluated by examining the edges of
the “T” on the image. The “T” edges should be straight and
continuous. Under- or over-shoot of the scan lines in light to
dark transitions along the “T” edge indicates a timing error, or
laser beam modulation problem. View the image scan lines
with a 10X (or greater magnification) on the computer screen,
or the printed film (with a magnifying glass) in various areas
across the image to check for uniform spacing. The “stair step”
characteristics of the straight edge are normal due to digitiza-
tion effects. Scan line dropout is detectable as a lucent straight
line in the open field and likely represents dust/dirt particles on
the pickup light guide, a fairly common artifact.

6.2.2.3 Image artifacts indicate sub-optimal performance
and necessitate corrective action by service personnel.

6.2.2.4 This process can be utilized to determine laser beam
function in the CR system. The comparison of the computer
image and the printed hard copy permits the evaluation of the
hardcopy device.

6.2.3 Blooming or Flare:

6.2.3.1 Examine the computed radiographs of the T-target
for the evidence of intensity overshoot or streaking in areas
with high density contrast, which can be caused by saturation
of the light detector, or intensity transfer from regions with
high light intensities into dark regions with a low intensity.
This test shall be done in comparison of an exposure with low
exposure intensity (high read-out gain) and high exposure
intensity (low read out gain), but with no saturation of the
electronic system.

6.2.4 Scanner Slipping:

6.2.4.1 Slipping of imaging plates in the scanner or any
distortion in the homogeneity of the scanning and reading
system leads to different intensities between the read lines of a
homogeneous exposed area. For this reason, the computed
radiograph of the scanner-slipping target shall be inspected for
deviations in the intensity of the scanned lines. The deviation
between the line intensities shall be less than (or equal to) the
noise, measured inside one of these lines. A possible test target,
to detect slipping, is shown in the CR phantom (Appendix X1).

6.2.5 Shading:

6.2.5.1 This test is used to ensure that the scanning laser
intensity is uniform across the scanning width of the imaging
plate as well as checking for proper alignment of the light
guide/photo-multiplier tube assembly.

6.2.5.2 An IP is exposed homogeneously to a source from
large distance >5 m (>16 ft) as a CR equipment manufacturer
test. Users may apply this test for testing of the long-term
stability with a SDD =1 m (=39 in.). On the computer, the
average pixel value of the center and the edges of the IP is
measured for a linearized intensity. On a printed film, the film
density is measured with a densitometer. The outside areas
should not have a pixel intensity value, or density, exceeding
*10 % of the central area of the IP. The user may realize that

the shading of an exposure with a SDD of 1 m (39 in.) has an
inherent shading of up to 8 %. Therefore, users should allow
*15 % shading. The recommended quality assurance schedule
for the application of this test is agreed by the contracting
parties. However, shading correction, if necessary, should be
assessed following any service to the optical system. The CR
phantom of Appendix X1 contains quality indicators for a
specialized shading test, which fulfils the above requirements.

6.2.6 Erasure:

6.2.6.1 Upon completion of all the tests, the erased imaging
plate shall be processed through the CR reader without any
exposure. If the CR system is used for a particular application
(for example, high-energy X-rays or gamma sources), an object
of high absorption (for example, tungsten or lead) shall be
exposed in such a way, that the acquired image contains the
projection of the object and an unabsorbed radiation area. For
this application, the IP shall be erased and processed without
exposure. If a latent image exists, the erasure time is not long
enough or the erasure unit is malfunctioning. Possible ghost
images shall have an intensity of less than 1 % of the maximum
intensity after image conversion to a linearized intensity (gray
level). The recommended quality assurance schedule for the
application of this test shall be agreed between the contracting
parties.

6.2.7 IP Artifacts:

6.2.7.1 For the following tests, all parameters, including
scanning parameters and radiation conditions shall be re-
corded.

6.2.7.2 All IPs in inventory should be serialized. Special
attention and identification should be made for IPs that come
into contact with unprotected lead screens.

6.2.7.3 Expose each IP to the lowest kV used in examina-
tion. Use sufficient exposure conditions (for example, mAs) to
produce uniform exposure intensity (see also 6.2.5). Scan the
IP and store the corresponding image file. A CR image file of
each IP should be saved regularly to identify possible artifacts
and be allocated with the IP serial number of the IP.

Note 2—Interpreters should have access to the CR IP artifact image
files to avoid problems in interpretation.

6.2.8 Measurement of the Normalized SNR:

6.2.8.1 ‘A system of cassette and imaging plate shall be
uniformly exposed. The IP, with front and back lead screens of
0.1 mm (0.004 in.) thickness in the typical exposure cassette,
shall be positioned in front of an X-ray tube with tungsten
anode. Make the exposures with an 8 mm (0.32 in.) copper
filter at the X-ray tube. The kilovoltage setting shall be 220 kV.

6.2.8.2 For low-energy applications the radiation quality
shall be 90 kV and the filter shall be of aluminum 32.5 mm
(1.2795 in.) in thickness. No front and back screens of lead are
required.

6.2.8.3 The SNR shall be measured at 90 = 5 % intensity of
the maximum possible intensity of the reader imaging plate
system at lowest gain and linearized characteristic curve. The
value of 90 % intensity shall be achieved by adjustment of mA
and exposure time and, if necessary, by lengthening the SDD.
The SDD shall be at least 1 m (39 in.). Use no lead or any other
material behind the cassettes. Leave free space of at least | m
(39 in.) behind the cassettes.
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6.2.8.4 The signal intensity 1, and standard deviation
0 pg. shall be calculated from a data set of 1100 values or more
of the central IP area. No major scratches or dust and no
shading shall be visible in the measurement area. The data set
shall be subdivided into 55 groups or more with 20 values per
group. For each group with index i, the value 1, ; is
calculated as the mean of the unfiltered group values and also
the value opg;; is calculated from the corresponding group
values.

6.2.8.5 The final value 1, is obtained by the median of all
1,05 i values. The final opg, value is obtained by the median
of all opg,; values. opg; shall be calculated as reference value
to a resolution of 100 um, measured with a circular aperture, or
88.6 um measured with a squared aperture. The final value

O psri00 18 calculated by:

SRWMLX
OpsLioo = 9psL” |\ g8 G (¢))
where:
SR,... = maximum value of basic spatial resolution in pm.

6.2.8.6 The basic spatial resolution is half of the unsharp-
ness value, measured in accordance with Practice E 2002 (see
description in 6.1.2). The basic spatial resolution shall be
measured both perpendicular and parallel to the scanning
direction of the laser. The higher value of both SR-values in pm
shall be used for normalization in Eq 2. The values shall be
calculated in pm.

6.2.8.7 The normalized SNR) is calculated by:

Lyeus
SNRN — p meas (2)
PSL100

6.2.8.8 The measured and normalized SNR shall be docu-
mented. This procedure (consisting of, for example, software,
system setting and exposure data) should be provided by the
CR equipment manufacturer for the user. The user or service
technician does the exposure and applies the software for
SNR-measurement.

6.2.8.9 The test shall be performed with the same radiation
quality (voltage and pre-filter), the same distances and colli-
mation. All parameters and results shall be documented.

7. Report

7.1 The user shall document all tests its conditions and
results. The period of testing shall be documented in the
company’s written procedure or agreed between the contract-
ing parties.

7.2 The results shall be summarized in Table 1.

8. Precision and Bias

8.1 No statement is made about the precision or bias of this
practice. The results merely state whether there is conformance
to the criteria for success, specified in the procedure.
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TABLE 1 Test Report of CR Systems

CR System
Construction Year
Last Service
Used IPs
Date of Tests
Tests Result Remark
Basic Spatial Resolution Duplex Wire
E 2002
Converging
Line Pairs
SNRy
Geometric Distortions
Laser Beam Function
Blooming or Flare
Scanner Slipping
Shading
Erasure
IP Artifacts
Conclusion
Operator
APPENDIX

(Nonmandatory Information)

X1. CR TEST PHANTOM

X1.1 Location and Alignment of CR Quality Indicators in a
CR Phantom

X1.1.1 All described CR quality indicators (see 5.1) are
located in a convenient test object, called a CR phantom. It
consists of a carrier plate of low-absorbing material (for
example, Lucite). Fig. X1.1 shows the arrangement. The CR
quality indicators shall be located on the IP side. If desired,
individual test gages may be utilized to determine specific
results.

X1.2 Shading Test—Different shading tests are possible.
The CR phantom uses the following target and procedure:

X1.2.1 Shading Quality Indicator:

X1.2.1.1 The quality indicator consists of a set of three
holes of 19 mm (0.75 in.) diameter and 0.3 mm (0.01 in.) depth
in a Lucite plate (of the CR phantom). These holes shall be
separated by at least 10 cm (3.93 in.). The holes shall be
aligned parallel to the scanning direction of the laser beam.

X1.2.2 Procedure:

X1.2.2.1 There are three holes (EL, EC, and ER) in the CR
phantom, measuring 19 mm (0.75 in.) in diameter and 0.3 mm
(0.01 in.) deep. These holes are used to ensure that the scanning
laser intensity is uniform across the scanning width of the

imaging plate as well as checking for proper alignment of the
light guide/photo-multiplier tube assembly. On the computer,
the pixel value of the holes is measured as gray value of the
pixel or on a printed film as density value. The outside circles
(EL and ER) should not have a pixel value or density
exceeding the value of the circle EC by =10 %. The recom-
mended quality assurance schedule for the application of this
test is to_be agreed by the contracting parties. However,
shading correction, if necessary, should be assessed following
any service to the light guide/photo-multiplier tube assembly.

X1.3 Central Beam Alignment

X1.3:1 CR Alignment Quality Indicator (BAM-snail):

X1.3.1.1 The target consists-of a section of a roll 0.3 to 0.5
mm thick (0.01 to 0.02 in.) of thin lead foil separated by a
spacer of 0.1 mm of low absorbing material (see Fig. X1.2).
Honeycomb material may also be used.

X1.3.2 Procedure:

X1.3.2.1 The radiation beam shall be aligned perpendicular
to the center of the alignment quality indicator (BAM-snail)
within the CR phantom. The resulting computed radiographic
image, consisting of a regularly spaced spiral, indicates that
alignment is correct.


Lab
Stamp

Lab
Stamp


94
Ay E 2445 - 05

75"

= (1.9 Crmn) —-—

- 17" (43 erm) -

I
L]
2
[ o}
3 g
b ]
g [
14" & =
(35.5 cm) E =)
W ]
E
H
!

A: T-target for Laser Jitter Test Length 114 by 5 mm H (4.48 by 0.2 in.), Brass

B: Duplex-Wire Image Quality Indicator; in accordance with Practice E 2002

C: Central Beam Alignment (BAM-snail)

D: Converging Line Pair Quality Indicators Ve

E: EL, EC, ER: Measuring Points for Shading Correction 19 mm (0.75 in.) Diameter, 0.3 mm (0.1 in.) Acrylic Removed
F: Cassette Positioning Locator (does not appear on radiographic image) 9

G: Homogeneous Strip: Al, 0.5 mm (0.02 in.)

H: Lucite Plate

I: Inch/em Ruler for Linearity Check J

J: Contrast Sensitivity Quality Indicators —
Aluminum: 12.7 mm (0.50 in.)

Copper: 6.35 mm (0.25 in.) -
Stainless Steel: 6.35 mm (0.25 in.) -

FIG. X1.1 CR Phantom Containing CR Quality Indicators for Qualification of Computed Radiography Systems

Lead foil of thickness d
Spacer foil

Note 1—TIts radiographic image indicates deviations from the perpendicular position of the radiation source above the BAM-snail.
Note 2—The following dimensions are recommended: h = 1.5 to 2 mm (0.06 to 0.08 in., s = h/11.5 mm (0.45 in.)) (structure disappears at deviations
>5°), dg> 8 mm (0.31 in.), d; = 0.02 to 0.1 mm (0.0008 to 0.0004 in.).
FIG. X1.2 Alignment Quality Indicator and Source Position Indicator “BAM-snail”
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Classification of Computed Radiology Systems

This standard is issued under the fixed designation E 2446; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This practice describes the evaluation and classification
of a computed radiography (CR) system, a particular phosphor
imaging plate (IP), system scanner and software, in combina-
tion with specified metal screens for industrial radiography. It
is intended to ensure that the evaluation of image quality, as far
as this is influenced by the scanner/IP system, meets the needs
of users.

1.2 The practice defines system tests to be used to classify
the systems of different suppliers and make them comparable
for users.

1.3 The CR system performance is described by signal and
noise parameters. For film systems, the signal is represented by
gradient and the noise by granularity. The signal-to-noise ratio
is normalized by the basic spatial resolution of the system and
is part of classification. The normalization is given by the
scanning aperture of 100 um diameter for the micro-
photometer, which is defined in Test Method E 1815 for film
system classification. This practice describes how the param-
eters shall be measured for CR systems.

1.4 The values stated in SI are to be regarded as the
standard.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and to determine the
applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards: >

E 1316 Terminology for Nondestructive Testing

E 1815 Test Method for Classification of Film Systems for
Industrial Radiography

E 2002 Practice for Determining Total Image Unsharpness
in Radiology

! This practice is under the jurisdiction of ASTM Committee EO7 on Nonde-
structive Testing and is the direct responsibility of Subcommittee E07.01 on
Radiology (X and Gamma) Method.

Current edition approved June 1, 2005. Published June 2005.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

E 2007 Guide for Computed Radiology (PSL Method)

E 2033 Practice for Computed Radiology (PSL Method)

E 2445 Practice for Qualification of Computed Radiogra-
phy Systems

3. Terminology

3.1 Definitions—The definition of terms relating to gamma-
and X-radiology, which appear in Terminology E 1316, Guide
E 2007, and Practice E 2033, shall apply to the terms used in
this practice.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 computed radiology system (CR system)—A complete
system of a storage phosphor imaging plate (IP), a correspond-
ing read out unit (scanner or reader) and software, which
converts the information of the IP into a digital image (see also
Guide E 2007).

3.2.2 computed radiology system class—A particular group
of storage phosphor imaging plate systems, which is charac-
terized by a SNR (signal-to-noise ratio) range shown in Table
1 and by a certain unsharpness range in a specified exposure
range.

3.2.3 ISO speed S,;p,—Defines the speed of a CR system and
is calculated from the reciprocal dose value, measured in gray,
which is necessary to obtain a specified minimum SNR of a CR
system.

3.2.4 signal-to-noise ratio (SNR)—Quotient of mean value
of the linearized signal intensity and standard deviation of the
noise (intensity distribution) at this signal intensity. The SNR
depends on the radiation dose and the CR system properties.

3.2.5 modulation transfer function (MTF)—The normalized
magnitude of the Fourier-transform (FT) of the differentiated
edge spread function (ESF) of the linearized PSL (photo
stimulated luminescence) intensity, measured perpendicular to
a sharp-edge. MTF describes the contrast transmission as a
function of the object size. In this practice, the MTF charac-
terizes the unsharpness of the CR system. This depends on the
scanning system itself and IP-type and cassette employed.

3.2.6 gain/amplification—Opto-electrical gain setting of the
scanning system.

3.2.7 linearized signal intensity—a numerical signal value
of a picture element (pixel) of the digital image, which is
proportional to the radiation dose. The linearized signal inten-
sity is zero, if the radiation dose is zero.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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TABLE 1 CR System Classification

CR System Minimum
Classification Signal-Noise Ratio
ASTM IP Special/’Y 130
ASTM IP I'Y 65
ASTM IP II7Y 52
ASTM IP 1II7Y 43

3.2.8 basic spatial resolution—the read-out value of un-
sharpness measured with duplex wire IQI in accordance with
Practice E 2002 divided by 2 as effective pixel size of the CR
system.

4. Significance and Use

4.1 There are several factors affecting the quality of a CR
image including the spatial resolution of the IP system,
geometrical unsharpness, scatter and contrast sensitivity
(signal-to-noise ratio), as well as software. There are several
additional factors (for example, scanning parameters), which
affect the accurate reading of images on exposed IPs using an
optical scanner.

4.2 This practice is to be used to establish a classification of
CR system classes on the basis of a normalized SNR. Due to
the difference between the methods, it is required to specify the
CR system classes with spatial resolution values. The CR
system classes in this document do not refer to any particular
manufacturers’ imaging plates. A CR system class results from
the use of a particular imaging plate together with the exposure
conditions, particularly total exposure, the scanner type and
software and the scanning parameters. This classification
system provides a means to compare differing CR technolo-
gies, as is common practice with film systems, which guides
the user to the appropriate configuration, IP and technique for
the application at hand. The class selected may not match the
imaging performance of a corresponding film class due to the
difference in the spatial resolution and scatter sensitivity.

Cu-Filter

Therefore, the practice should always use IQIs for proof of
contrast sensitivity and spatial resolution.

4.3 The quality factors can be determined most accurately
by the tests described in this practice. Some of the system tests
require special tools, which may not be available in user
laboratories. Simpler tests are described for quality assurance
in Practice E 2445, which are designed for a fast test of the
quality of CR systems and long-term stability and are recom-
mended as practical user tests, should the user not have the
special tools available as needed for the tests in this practice.

4.4 Manufacturers of industrial CR systems will use this
practice. Users of industrial CR systems may also perform the
tests and measurements outlined in this practice, provided that
the required test equipment is used and the methodology is
strictly followed. Any alternative methods may be applied if
equivalence to the methods of this practice is proven to the
appropriate Cognizant Engineering Organization.

4.5 The publication of CR system classes will enable
specifying bodies and contracting parties to agree to particular
system class, as a first step in arriving at the appropriate
settings of a system, or the selection of a system. Confirmation
of necessary image quality shall be achieved by using Practice
E 2033.

5. Apparatus

5.1 CR system evaluation depends on the combined prop-
erties of the phosphor imaging plate (IP) type, the scanner and
software used, and the selected scan parameters. Therefore,
documentation for each test shall include the IP type, scanner,
software and scan parameters, and the results shall be calcu-
lated and tabulated prior to arriving at a class assignment. The
applied test equipment for SNR measurement (Fig. 1) and
algorithm 6.1.1 correspond to Test Method E 1815. The rec-
ommended thickness for aperture test object (diaphragm) is
10.2-mm (0.4 in.) of Pb. The SDD shall be at least 1 m (39 in.).

H-ray tube

IF in a cagsette

FIG. 1 Scheme of Experimental Arrangement for the Step Exposure Method
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Do not use any material (for example, lead) behind the cassette
and leave a free space of at least 1 m (39 in.) behind the
cassette.

5.2 The step wedge method (Fig. 2) describes a simpler
procedure for SNR measurement than described in Test
Method E 1815, which permits obtaining similar results with
less expense, and less accuracy.

6. Procedure for quantitative measurement of image
quality parameters

6.1 Measurement of the Normalized Signal-to-Noise Ratio
(SNR)

6.1.1 Step Exposure Method—For measurement of the
SNR, the following steps are taken (see also Test Method
E 1815):

6.1.1.1 The IP, with front and back lead screens of 0.1 mm
(0.004 in.) thickness in the typical exposure cassette, shall be
positioned in front of an X-ray tube with tungsten anode. Make
the exposures with an 8 mm (0.32 in.) copper filter at the X-ray
tube and the kilovoltage set such that the half value layer in
copper is 3.5 mm (0.14 in.). The kilovoltage setting will be
approximately 220 kV.

6.1.1.2 Determine the required exact kilovoltage setting by
making an exposure (or an exposure rate) measurement with
the detector placed at a distance of at least 750 mm (29.5 in.)
from the tube target and an 8 mm (0.32 in.) copper filter at the
tube. Then make a second measurement with a total of 11.5
mm (0.45 in.) of copper at the tube. These filters should be
made of 99.9 % pure copper.

6.1.1.3 Calculate the ratio of the first and second readings. If
this ratio is not 2, adjust the kilovoltage up or down and repeat
the measurements until a ratio of 2 (within 5 %) is obtained.
Record the setting of kilovoltage for use with the further IP
tests.

6.1.1.4 The sensitive layer of the IP shall face the X-ray
source. For gamma radiography with Ir-192, the measurements
shall be carried out with 0.3 mm lead screens in front and
behind the IP. Also 8 mm Cu shall be used for pre-filtering (see
Fig. 1).

Collimator

Cu-Filter
Horay tube Cu-step wedge

6.1.1.5 The scanner shall read with a dynamic range of =12
bit and operate at its highest spatial resolution or a spatial
resolution for which the classification shall be carried out.
Background and anti-shading correction may be used before
the analysis of data, if it relates to the standard measurement
procedure for all measurements. The procedure shall be carried
out and documented for all sensitivity and latitude ranges and
all read-out pixel sizes if any of these parameters change the
SNR-analysis.

6.1.1.6 IPs are exposed in a similar way to film radiography
and under the conditions described: signal and noise (0pg; ) or
SNR over dose curve shall be measured. It is especially
important that the exposure of the IP for the SNR measure-
ments be spatially uniform. Any nonuniformities in X-ray
transmission of the cassette front, or defects in the Pb foil or in
the phosphor itself could influence the SNR measurement. No
major scratches or dust shall be visible in the measurement
area. Therefore, exercise considerable care in selection and
placement of the aperture, and selection and maintenance of
the cassette, the lead screens and the phosphor screen. To
achieve a uniform region of interest on to the IP, the following
standard protocol is recommended. Other approaches may be
used as long as a uniform exposure is created. At least twelve
areas (test areas) of =400 mm?(0.62 in.?) are evenly exposed
on the same IP over the full working range of dose. Due to the
different construction principles of scanners, the measurement
shall be performed for all possible pixel sizes, if the results
change. The digital read-out intensity values (gray values) shall
be calibrated in such a way, that they are linear in relation to the
radiation dose, which corresponds to the photo stimulated
luminescence (PSL) intensity of the exposed IPs. These cali-
brated gray values shall be used for the calculation of the SNR.
In order to get a reliable result at least six measurements shall
be made on different samples, and the results are to be
averaged for each of the twelve or more dose levels measured.

6.1.1.7 The signal (intensity I,.,) and noise (standard
deviation opg; ) shall be computed from a region without
shading or artifacts. Sample SNR values shall be taken in
different regions of the image area under test to ensure that

IF i & cassette -

FIG. 2 Scheme for the Measurement of the SNR by the Step Wedge Method
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SNR values are within 10 % stable. The size of the ROI used
to measure the mean signal and noise shall be at least 20 by 55
pixels and it should be an area ROI. An example technique for
assuring reliable signal-to-noise measurements is described
below. This can be achieved using a commonly available image
processing tool. The signal and noise shall be calculated from
a data set of 1100 values or more per exposed area. The
unfiltered data set is subdivided into 55 groups or more with 20
values per group. For each group with index i, the value I . ;
is calculated as the mean of the unfiltered group values and the
value opg; is calculated from the same group values. An
increased number of groups yields a better (lower) uncertainty
of the result. Due to the filtering effect of this grouping
procedure, the opg; ;-values shall be corrected by the following
equation:

Opsiicor = 10179 - Opgy (D

Note 1—The values opg, ; are multiplied with 1.0179 to correct for the
following median unbiased estimation. Assume k is the number of
consecutive observations within a group and C is the critical value of the
chi-square distribution for a = 0.5 with k-1 degrees of freedom. In case of
20 observations the values o pg;; shall be multiplied with 1.0179 for
statistical correction (see also ISO/DIS 10505). The factor 1.0179 corre-
sponds to the correction sqrt ((k-1)/c) of ISO/WD 10505 for grouping with
a group size of 20 elements (k = 20) for application of a median procedure
(c = 18.33765).

6.1.1.8 The final value I ., is obtained by the median of all
Lneas ; Values. The final opg; value is obtained by the median
of all opgy; o values. opgy shall be calculated as reference
value to a resolution of 100 um, measured with a circular
aperture, or 88.6 um measured with a squared aperture. The

final value opg; ¢ is calculated by
OpsLioo = Opst. * (SR, /88.6) )

SR = Maximum value of basic spatial resolution in um

as measured in 6.3.

max

Note 2—Test Method E 1815 requires the use of a micro-photo
densitometer with circular aperture of 100 um* diameter for the measure-
ment of granularity o,. Because the pixels in digital images are organized
in squares, the corresponding pixel size is calculated by
sqrt (100 pm*)?mw / 4) = 88.6 um
with: *1ym = 3.93701E-05 in.

6.1.1.9 The normalized SNR is-calculated by
SNR = 05 / Opsii00 3

6.1.2 Step Wedge Method (Manufacturer Test and Enhanced
User Test)

The measurement of the SNR can be performed with less
accuracy using a step wedge, as shown in Fig. 2. This method,
if approved by the Cognizant Engineering Organization, may
be of interest for users to determine the contrast sensitivity
quantitatively:

6.1.2.1 For that purpose, a step wedge of Cu, with at least
twelve equally increasing steps, may be used as in the
arrangement shown in Fig. 2. The maximum thickness of the
step wedge shall absorb 90 % of the radiation of the central
beam, which requires a thickness of 11.7 mm (0.46 in.). To
cover a range of two or more orders of magnitude of the
radiation dose at least two suitable and different exposures,

with adequate exposure time or tube current (mA), shall be
made. The distance between step wedge and IP shall be =500
mm (19.69 in.) to reduce the influence of scattered radiation. A
magnification of 2X is recommended. A beam collimator shall
be used. X-ray voltage and filtering shall be selected in
accordance with 6.1.1.1.

Note 3—X-ray penetration through Cu-steps of different thickness is
distorted by beam hardening and suitable adjustment of exposure is
required.

6.1.2.2 The projected area of each step shall be about 20 by
20 mm (=400 mm?). No values of at least two times the
geometric unsharpness shall be taken from areas near the step
edges.

6.1.2.3 All details for the measurement of the SNR shall
correspond to 6.1.1.2-6.1.1.5. The graphical analysis shall be
based on the plot of SNR = f(log (Exposure) — Uc,- W¢,), where
Ue, 1s the absorption coefficient, w,, is the wall thickness of
the corresponding step of the step wedge and the value
“Exposure” is calculated from exposure time (seconds), mul-
tiplied by tube current (mA); see also Annex Al.

Note 4—For accurate plots, it is necessary to consider the wall
thickness dependence of p, on the wall thickness (beam hardening). The
influence of scattered radiation should be reduced by exact collimation.
Different exposures with different exposure time or mA-settings are
recommended for the required plot. The exposure value (mAs) of the
different exposures should deviate between five to eight times to allow an
overlap of the measured data. A waiting time of 30 minutes is recom-
mended between exposure and scan of the IPs to avoid distortions by
fading effects.

6.2 Measurement of Reference Minimum Read-Out Intensity
Values of Computed Radiographs

6.2.1 The normalized SNR is a measure for the contrast
sensitivity of a CR system. This is one of the reasons for the
classification due to the normalized SNR, in addition to the
basic spatial resolution as described below. Since it is difficult
to determine the SNR in a computed radiograph of a compli-
cated object, “reference read-out intensities” shall be deter-
mined from test exposures. Under consideration of the gain,
latitude and resolution settings “reference read-out values™ I p,
can be assigned to certain “normalized SNR values” SNRp,.
These reference read-out values correspond to a minimum
optical density in film radiography.

6.2.2 Finally, the minimum SNRp,-values in the computed
radiographs_shall be achieved by the application of minimum
read-out intensities Ijp,.

Note 5—The classical quality assurance procedure in film radiography
is based on the measurement of the film density. Exposed films are
accepted only if they have a minimum optical density. A similar procedure
can be applied in CR. Each CR system (or any digital imaging system)
provides intensity values or gray values of each picture element (pixel).
All pixels in the region of interest (ROI) which are to be evaluated, should
exceed a minimum intensity (or gray value), in a similar way as minimum
optical density in film radiography. This value is the reference minimum
read-out intensity. This procedure permits basic quality assurance in CR in
relation to contrast sensitivity.

6.2.3 System evaluations corresponding to Table 1 depend
on the combined properties of the imaging plate (IP) type, the
scanner and software used and the selected scan parameters.
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Therefore, all measurements must be performed with the same
IP type, scanner and software with its parameters.

6.2.4 The determination of the read-out intensities is based
on the step exposures as in 6.1.1 or on the step wedge
exposures, with less accuracy, as described in 6.1.2. The
determination of read-out values shall be performed by the
following steps:

6.2.4.1 The linearized signal (intensity I,.,) and noise
(standard deviation opg; ) shall be measured and calculated as
in 6.1.

6.2.4.2 The final value I;p, for IP scanner evaluation corre-
sponds to the linearized signal intensity Ijp,= I .as fOr I ../
OppsLioo at the selected SNRp, value of Table 1 and for the
selected scanner parameters.

6.2.4.3 The manufacturer shall provide the read-out values
to the user in the original, or applied system response function,
or both.

6.2.5 A detailed description of the procedure is given in
Annex Al.

6.3 Determination of Unsharpness and Basic Spatial
Resolution—Differences in spatial resolution of X-ray films
and CR systems may be observed. This image quality differ-
ence may be due to limitations in CR sharpness.

6.3.1 Duplex-Wire Method

6.3.1.1 For testing of the basic spatial resolution, the
duplex-wire gage corresponding to Practice E 2002 can be
applied. The exposure shall be performed in a distance of 1 m
(39 in.) or greater with a focal spot size =1 mm. Focal spot size
and focus detector distance shall be selected for a geometric
unsharpness of less than 10 % of the total measured unsharp-
ness. The duplex-wire gage shall be positioned directly on the
cassette with the IP and lead screen. The measurement shall be
performed perpendicular and parallel to the scanning direction
of the laser beam. This requires two exposures with one gage
or one exposure with two gages. The duplex-wire gage shall be
used in an angle of about 5° to the scanning direction of the
laser beam and 5° to the perpendicular direction.

6.3.1.2 The measurement of unsharpness may depend on the
radiation quality. For classification and applications above 160
kV the test shall be performed with 220 kV (X-ray tube with
beryllium window, tungsten target-and-no-pre-filtering). For
low energy applications the radiation quality shall be 90 kV
(X-ray tube with beryllium window, tungsten target and no
pre-filtering).

6.3.1.3 The first unresolved wire pair shall be taken for
determination of the unsharpness value corresponding to Prac-
tice E 2002. This is the first wire pair, which is projected with
a dip between the wires of less than 20 % (see Fig. 3). The
basic spatial resolution SR corresponds to one half of the
measured unsharpness.

6.3.1.4 The basic spatial resolution shall be measured both
perpendicular and parallel to the scanning direction of the laser.
The higher value of both SR-values (SR,,,,) shall be used as
maximum basic spatial resolution for classification. It should
be rounded to the next 10 um step.

Note 6—If a system has a basic spatial resolution of 200 um in scan
direction of the laser, and 100 um perpendicular to the scan direction, then
the final maximum basic spatial system resolution is SR .= 200 pm.

max
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FIG. 3 Resolution Criterion for the Evaluation of Duplex-Wire
Profiles (The two wires of a wire pair are resolved if the dip
between the line maxima is greater than 20 % of the maximum
intensity.)

6.3.1.5 The duplex-wire method allows the read-out of
stepped unsharpness values only (see table in Practice E 2002).
The overall accuracy of this method may be not better than *1
wire pair due to scatter and differences in the radiation quality.

6.4 Other Evaluations

6.4.1 When making radiographs for CR system classifica-
tion, the manufacturer will follow guidelines given to users to
ensure that image quality is as high as possible. All tests,
described in Practice E 2445 under “Other Tests” shall be
passed without findings. This means, there will be minimum
geometric distortion. The characteristics of the laser beam in
the scanner will be optimized, with no beam jitter, signal
dropout and with best LASER focus. There will be minimum
blooming or flare. The CR plates will be transported without
slipping. The image shading will be within limits of 5 %. The
plates used will be correctly erased and will be free from
artifacts. Fading effects are described in the manual and are
below 50 % over 3 days.

7. Interpretation of Results and Classification

7.1 Depending on the results of the previous tests, the CR
system shall be classified in accordance with Table 1.

7.2 Range of CR System Classification

7.2.1 For computed radiographic examination, CR system
classes will be determined by the following procedures:

7.2.2 The CR system classification is defined by minimum
normalized SNR-values (SNRp,) shown in Table 1 and the
value of the achievable maximum basic spatial system resolu-
tion SR, in pm.

7.2.3 The classification statement consists of two values:

7.2.3.1 The assignment to an IP-class in agreement with
Table 1, The measured normalized SNR shall be greater or
equal to the assigned value of the minimum normalized SNR in
Table 1.

7.2.3.2 The measured maximum basic spatial resolution,
rounded to the nearest 10 yum.
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7.2.4 The statement shall be given in the following form:
IP_X/7Y.

Note 7—For example, a system classified as IP_II/100 is characterized
by a normalized SNR =52 (see Table 1) and a maximum basic spatial
resolution =100 pm.

7.2.5 The basic spatial resolution shall be determined with
the duplex wire method (see 6.3.1) and the normalized SNR
shall be calculated in accordance with Eq 3.

7.2.6 All tests under Practice E 2445, other evaluations,
shall be positive for systems classification. They shall fulfill the
requirements and shall show no deviations from the described
properties.

7.3 Determination of ISO Speed (Manufacturer Procedure)

7.3.1 The ISO speed Sy is calculated by the dose K,
which is needed for exposure of an IP with the intensity value
Iip, by Siso= Ks'(K, in gray). The ISO speed shall be given
corresponding to each system class, which can be achieved
with a system.

Note 8—For the same CR system, different ISO speeds are given for
different system classes.

7.3.2 The CR system manufacturer will provide the ISO
speeds and the I;,,-values depending on the imaging plate type,
the scanner and software used and its parameters. The ISO
speed may be determined in steps corresponding to the values
of Table 2.

8. Precision and Bias

8.1 No statement is made about either the precision or bias
of this practice for measuring classification of CR systems. The
results merely state whether there is conformance to the criteria
for success specified in the procedure.

9. Keywords

9.1 basic spatial resolution.; classification; computed radi-
ology; CR; film system classification; normalized SNR; photo-
stimulated luminescence; PSL

TABLE 2 Determination of ISO Speed S,5, from Dose Kg(in Gray)
Needed for an IP Read-Out Intensity of |,p,

Log,oKs ISO Speed S50

From To

-4.66 -4.56 40000
-4.55 -4.46 32000
-4.45 -4.36 25000
-4.35 -4.26 20000
-4.25 -4.16 16000
-4.15 -4.06 12500
-4.05 -3.96 10000
-3.95 -3.86 8000
-3.85 -3.76 6300
-3.75 -3.66 5000
-3.65 -3.56 4000
-3.55 -3.46 3200
-3.45 -3.36 2500
-3.35 -3.26 2000
-3.25 -3.16 1600
-3.15 -3.06 1250
-3.05 -2.96 1000
-2.95 -2.86 800
-2.85 -2.76 640
-2.75 -2.66 500
-2.65 -2.56 400
-2.55 -2.46 320
-2.45 -2.36 250
-2.35 -2.26 200
-2.25 -2.16 160
2.15 -2.06 125
-2.05 -1.96 100
-1.95 -1.86 80
-1.85 -1.76 64
-1.75 -1.66 50
-1.65 -1.56 40
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ANNEX

(Mandatory Information)

Al. Example for I,,, measurement

Al.l1 The IP system classes below do not refer to any
specific manufacturer’s phosphor imaging plates. These differ-
ent IP classes from IP Special/Y to IP III/Y refer to what is
required (in performance parameters) of any manufacturer’s
CR system to qualify under these four specific classes.

Al.2 For example, it is possible that a single IP or CR
system, supplied by one manufacturer, could qualify to meet all
four classes. With “film radiography” each specific film type/
system falls into only one system class (see Test Method
E 1815). With computed radiography, the same IP could
theoretically qualify for all four classes. This is due to the wide
dynamic range of computed radiography versus that of a
normal film/screen system. Short exposure can be compensated
by a sensitive read-out scan. The classification is usually low
(for example, IP III/Y). The same plate could be given more
exposure and be scanned with low gain of the electronic
system. The thickness contrast sensitivity will be improved just
by selection of these two parameters. The system can now be
classified higher (for example, IP 1/Y).

A1.3 This practice shall provide a guide for the user to
check the image quality and classification of a CR system by
providing reference minimum read-out intensities for exposed
and scanned IP images (read-out value: I, also called gray
value). This is similar to the measurement of the optical density
in film radiography. The reference read out values in Table
Al.1 correspond to values of comparable exposed and devel-
oped X-ray film systems having an optical density of =2.0
over fog in the region of interest. Now, the user can assume that
he obtains comparable image quality with IP’s on analogy to
film systems, classified by Test Method E 1815. If the user still
observes differences in the image quality (for example, by 1QI
sensitivity), this may be basically due to differences in-the
spatial resolution and scatter sensitivity of X-ray film systems
and CR systems. This is also the reason why CR classification
is extended by the basic spatial resolution value. Fine defects

TABLE A1.1 Examples of Minimum Reference Read-Out
Intensities for CR-System Classes of the System Manufacturer A,
System ABC 123, Tested at Certain Date and Valid Up to the Next

Calibration Date

CR system class Minimum Minimum linear System
Signal/noise Reference Read-  parameters
ratio SNRp, out intensity o,
ASTM IP Special /140 130 7.30 10° All gains, basic
ASTM IP 1/140 65 0.37 10° spatial
resolution 140
ASTM IP 11/140 52 0,20 10° pm, scan
ASTM IP 111/4140 43 0,14 10° speegi:x(llo s/

below this value are not detected or found with lower SNR than
with film systems.

Al.4 For clarification of the algorithm of determination of
I,p,-values (reference read-out values), the following proce-
dure is presented, based on a measurement example:

Al.4.1 Measure the log (intensity) versus log (exposure)
curve and the normalized SNR versus log (exposure) curve
corresponding to Fig. Al.1 and Fig. A1.2. For gamma sources
the exposure values are determined by source activity - time
and for X-rays by fube current - time. The SDD shall be always
constant (for example, 1000 mm (40 in.)).

A1.4.2 Take from the normalized SNR versus log (exposure)
the exposure values for the IP classes: IP Special/Y to IP III/Y
(see Fig. AL.1).

Al.4.3 Measure from the determined exposure values the
Lp, values in the log (intensity) versus log (exposure) (Fig.
Al.2).

Al.4.4 Read the I;p, values and document them in a table.
Table Al.1 shows a typical example, which is based on Figs.
Al.1 and Al1.2.

Note Al.1—The optimum scaling of the axis of diagrams correspond-
ing to Fig. Al.1 in linear, logarithmic or another way may depend on the
scanner type and manufacturer.
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MNormalized Signal To Noise Ratio

a)
S/M corrected to 100 um
160,0
IP Special »
140,0
120,0 e
P /
100,0
X
80,0 /
60,0 TP
P 1l
40,0 <
20,0
0,0 ey v | Y
1 10 100 X 1000
® Gain 2 m Gain 4 A Gain § * Gain 16

Step exposure method in accordance with 6.1.1.

X-log (exposure time X tube current) in mAs or log(Dose).

FIG. A1.1 Scheme for the determination of minimum reference read-out intensities I, for CR systems. The X-values for the different
classes are determined from the intersections of the SNR-curve with the SNR,;,-values of Table 1.
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b) Determination of Read-Out Intensity

10,0E+6 : -~
: . IPSpecial  /
7,30 E+6 : :
393E+6 |
1,UE+E " & 7B R e BB Bt
G674 E+3
AT4E+3 [ .
i Pl
200 E+3 | :
: ] 1P
138 E+3 |« ; i -
1m,'DE+3 i i L|A_.|: P | I._I_IJI.J; i [ M
1 10 100 X 1000
E=220 kY
@ Gain 8 s (Gain 16 a (Gain 2 x Gain 4 | = 8mA
& mm Cu-Filter

Step exposure method in accordance with 6.1.1.

X-log (exposure time - tube current) in mAs or log(Dose).

FIG. A1.2 Scheme for the determination of reference minimum read-out intensities I, for CR systems. The |,-values are measured
from the intersections of the intensity curve with X-value arrows taken from Fig. A1.1.
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