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curvature of the cantilever. Chapter Two of this thesis will discuss the sample
preparation, the experimental setups, 1d e software used to process images and collect
data. The experimental techniques developed in this study will be described in Chapter
Three, combined with the data s ar results. The conclusion and future work will

be given in Chapter Four.











































3.1 Rotation Method

A method to determine L, the distance between the laser point on e cantilever and the

PSD surface, was developed by Ye Tian [17]. By changing the angle of inclination 6 of

the incident laser beam with a fixed PSD surface angle ¢, the reflected laser spot on the
PSD surface moves causing a change in the PSD voltage signal (see figure 3.1). Using

simple geometry, the value of L, can be related to the change of the incident laser angle

and the change of the PSD voltage signal by the sine law.

PSD

Contilovar
— _
| D |

Fig. 3.1 Schematic di: am of Optical Beam Deflection System

For example, by changing the incident angle of the laser :am from 6 tod, as shown in

figure 3.1, the position of the laser spot on the PSD surface changes from /,to h,. The
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3.2 Angle of Inclination of the Chip

Consider a probe inclined at an angle # with respect to the horizontal as shown in figure

3.4. This section will discuss a method to obtain 5.

Laser

Chip/Cantilever

Fig 3.4 Schematic graph of t| inclined chip and cantilever

In this setup the incident angle of the laser beam and the angle of inclination of the PSD
are fixed and are given by @and ¢ respectively. Moving the laser focuser from 13, tol?’2

causes a horizontal position char : of AP,. ...e reflected laser point on the PSD surface

also moves from 13,' to 132', contributing to a * nge in the PSD signal | »portional to Ak .

We can represent the equations of the reflec  laser beam by the ve lines (1) and (2)
as follows:
R+n =R, (1)
B+nt, =P 2
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Appendix A:
Visual Basic Program Code for Data Acquiring
Process

ok 3k ok e 2k 3k ok 2k ok 3 ok 3 3 2k 3 ok 3k ok ok 3 ok ok o o e ok ok ok o o ok ok ook ok ok ok skokokokoak s el ok ok ok ook ok ok ook o ok ook ok ook 3ok ok

'Analyse the position of laser point after data acquisition
I>SSSSSSSSSSSSSSSSSOSSOSISSESSSDSSSS>SISSSSSSSSSDIS>SSS>S>SISS>S>SS>>>>>
"Two results are related together with SYSTEM TIME
I>SSSSSSSOSSSSOSSSDOSSSSSDISSSISDDISSSSIDSSSSISDISSIDSSSSSSSDIS>SS>S>>>>

"Write dial gauge reading to a text x
¥ake 2 2k 3k 2k 2k 3k ok 3k 2k 3k 3k 3k 3k 3k sk 2k 3k 2 3k sk 2 Ak A o 3k 2 2k 2k ok ok ok kK 2k ok K ok koK ok 3k ak ok ak 3k 3k ok ok Ak ok ok ko ok ok ok R ok 3k o3k ok 3ok ok

Private Type POINT_TYPE
x As Long
y As Long

End Type

Private Declare Function GetPixel Lib "gdi* ' (ByVal hdc As Long, ByVal x As Long,
ByVal y As Long) As Long

Private Declare Function MoveTc... Lib" 32" (ByVal hdc As Long, ByVal x As Long,
ByVal y As Long, IpPoint As POI ' TYl ., As Long

Private Declare Function LineTo Lib' 32" (ByVal hdc As Long, ByVal x As Long,
ByVal y As Long) As Long

Option Explicit

Private Data() As Double

Private taskHandle As ™ Hng

Private taskIsRunning As Boolean
Private StopFlag As Boolean

Private PauseFlag As Boolean

Private StartTime As Double

Dim PrevPressure As String

Dim StartDataPoint As Integer

Dim StartDataFile As Integer

Dim StartDataFileText As String

Dim PointSelect As Integer

Dim AreaX1, AreaYl, AreaX2, AreaY2 As iteger
Dim DoTheAverage As Boolean

Dim PSDaverage, newsystime As Double
Dim PSDcounts As Integer

Dim SystemTimeCount As Integer
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Dim currentx 1, currentx2, currentyl, currenty2 As Integer

Private Sub chkMultiFile Click()
If Me.chkMultiFile.Value = 1 Then
Me.txtPointsPerFile.Enabled True
Else
Me.txtPointsPerFile.Enabled = False
End If

End Sub
Private Sub AutoScaleTimer_Timer()

Call GetNewImage

Call FindLaserPosition

Dim xRegion, yRegion, CantiEnd, FifthYF ‘on As Int
Dim pt As POINT TYPE

Dim retval As Long

xRegion = Mainform.LaserPositionX.Text

yRegion = Mainform.LaserPositionY.  «t

CantiEnd = Mainform.CantiEnd. . 2xt

If SavelmageCheck.Value = 1 Then
Call Savelmage
End If

End Sub
Public Sub GetNewImage()

Display.AutoRedraw = False

'Get the interface name and load the pa ne ssetin
'the IMAQ Configuration Utility

CWIMAQI Interface = "img0"
CWIMAQI.LoadInterfaceDefaults

'Acquire asynchronously one buffer
CWIMAQI!.Acquirelmage

'Display the most recently acquired picture in a Picture B

'Note that it could be done more simply with the _ .. ...IA _ . iewer object
'whose demo version is given, see the "Snap in ~"NIMAQViewer" sample
CWIMAQI!.WindowPlot Display. hWn
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Dim XvalueR(3), Xvaluel(3) As Double
PI=4* Atn(1) "

PSDangle = Val(frmPSDAngle.Text) * P1/ 180  'These angles are now in radians
LASERangle = Val(frmLaserAngle.Text) * PI/ 180  'These angles are now in radians

TotalNumber = Int(Mainform.Interface. Text)
Number = 0

ImagePath = SavelmageText. Text

PSDrange = Val(Mainform.PSDrangeText)

If SaveDataCheck.Value = 1 T

Open OutputDataFile. Text For Input As #8

1 = Len(OutputDataFile.Text)

OutputDataPath = Left(OutputDataFile.Text, i - 8) & "Output.dat"”
Open OutputDataPath For Output As #9

i=0
Do While EOF(8) = False
Ifi=0 Then
Input #8, tmp, tmp, tmp, tmp, tmp, tmp, tmp, tmp
Write #9, "Interface”, "Time", "DValue", "VValue", "Angle", "Normal"
ChipAngleCount = 0
Elselfi =1 Then
Input #8, TValue(2), tmp, tmp, tmp, tn  tmp, VValue(2), Nun :r

If VValue(2) <> "#" Then

If Number < 10 Then
nString = "00" & CStr(Number)

Elself Number > 9 And Number < 100 Then
nString = "0" & CStr(Number)

Else
nString = CStr(Num' )

End If

NewlmagePath = ImagePath & nString & ".bmp"

Display.Picture = LoadPicture(NewImagePath)
Me.Caption = "image " & imber

Call FindLaserPosition

DValue(2) = Val(Mainform.D:  nce.Text)
Write #9, Number, TValue ,DVa (2), VValue(2),"",""
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DValue(1) = DValue(2)
VValue(1) = VValue(2)
TValue(1) = TValue(2)

Else

1=1i-1

End If

Else
Input #8, TValue(), tmp, tmp, tmp, tmp, tmp, VValue(2), Number2

If VValue(2) <> "#" And VValue(2) <> 0 And Number < TotalNumber Then

If Number < 10 Then
nString = "00" & CStr(Number)

Elself Number > 9 And Number < 100 Then
nString = "0" & CStr(Number)

Else
nString = CStr(Number)

End If

NewlmagePath ImagePath & nString & ".bmp"

Display.Picture LoadPic :(NewImagePath)
Me.Caption = "Image " & Number

Call FindLaserPosition

DValue(2) = Val(Mainform.L 1  Text)

DeltaPx = DValue ™" - ie(1)

VDelta = VValue(2) - x(1)

DeltaH = VDelta * 10 | DeltaH in the units of mm
TDelta = TValue(2) - " (1)

If DValue(2) <= 0 And DValue(1) <> 0 And DeltaPx <> Empty And DeltaPx

<> (0 Then

'laser point on the chip

'calculate the ChipAngle and Velocity

'DeltaPy = DeltaPx * Tan(Las \ngle) - 2 * VDelta * Sin(PSDAngle)

'CantileverAngle = -Atn(DeltaPy / DeltaPx)

‘CantileverNormal = Atn(-DeltaPx / DeltaPy)

'‘AverageChipAngle = AverageChipAngle + CantileverAngle
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'incident laser is LaserY=-
tan(LaserAngle)*laserX-+tan(LaserAngle)*Velocity*TDelta

Velocity = Val(Mainform.frmVelocity.Text)

TDelta = TValue(2) - OriginTime

LaserX = DValue(2)

LaserY = -Tan(LAS ""angle) * LaserX + Tan(LASERangle) * Velocity *
TDelta

'PSD equation is PSDY = -Tan(PSDAngle) * (PSDX - XNotPrime) +
YNotPrime

DeltaU = VValue(2) - Or  1Voltage

PSDX = -XNotPrin A T 1U)*Cos( 3Dangle) 'PSDX>0

PSDY = -Tan(PSDangle) * (I X - XNotP 1e) + YNotPrime

Delta = -Atn((LaserY - PSDY) / (LaserX - PSDX))

CantileverNormal = (PI - LAS angle - Delta) / 2

CantileverAngle = (L4 anele + Delta) / 2

Write #9, Number, TValue(2), _ Value(2), CantileverAngle,
CantileverNormal

Else ' DeltaPx=0 means DValue(1)= DValue(2)
i=i-1
End If
End If
End If

1=1+1
Loop
Close #8
Close #9
End If
Me.Caption = "Done!!!"

End Sub

|1 rate Sub PositionAnalysis_Click()

Dim Interface, i As Int¢ r

Dim iTime As Double

Dim nString, ImagePath, Newlm: ‘ath / String



Dim YesNo As Integer

If SaveDataCheck.Value = 1 Then
Open "C:\Documents and Settings\Josh\Desktop\timeim: :.dat" For Input As #8
Open "C:\Documents and Settings\Josh\Desktop‘\output.csv" For Output As #9

ImagePath = Mainforn SavelmageText.Text

1=0
Do While EOF(8) = False
'ReDim Preserve ITime(i)

Ifi=0 Then
Input #8, iTime, Interface

If Interface < 10 Then
nString = "00" & CStri ‘face)

Elself Interface > 9 And f <100 Then
nString = "0" & CStr(Interface)

Else
nString = CStr(Interface)

End If

NewlmagePath = ImagePath & nString & ".bmp"

Display.Picture = Load. ture(...w 1agePath)
Me.Caption = "image " Interface

Call FindLaserPosition

YesNo = MsgBox("Is this the right point?", vbYesNo)
If YesNo = 6 Then

Elself YesNo = 7 Then

While (PointFound.Default  False)

DoEvents

Wend

End If

PointFound.Default = False
Write #9, Interface, 1Time, Val(Mainform.Distance. Text)

Else
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Input #8, iTime, Inter e

If Interface < 10 Then
nString = "00" & CStr(Interface)

Elself Interface>9 And I  “ace < 100 ..en
nString = "0" & CStr(Interface)

Else
nString = CStr(Interface)

End If

NewlmagePath = Imagel 1& nStrii & ".bmp"

Display.Picture = LoadPicture(New 1agePath)
Me.Caption = "image " Inter :e

Call FindLaserPosition

YesNo = MsgBox("Is this ther” "t point?", vbYesNo)
If YesNo = 6 Then

Elself YesNo = 7 Then

While (PointFound.Defar False)

DoEvents :

Wend

End If

PointFound.Default = Fal;

Write #9, Interface, iTime, Val(Mai  rm.Distance.Text)

End If

i=i+1

Loop

Close #8
Close #9

End If

Me.Caption = "Done!!!"
End Sub

Private Sub FindLaserPosition()
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'mark the last yPos as the end of cantilver, and show it on the text box
If FindLeftEdge = True And FindRightEdge True T]

Average = Average + CantiRightEc (yPos) - CantiL  idge(yPos)
1=1+1

CantiEnd = yPos

Mainform.CantiEnd.Text = CantiEnd

End If

Next

End If
End Sub

Private Sub Savelmage()

Dim TempString As String

Dim kString, path, newpath As St1
Dim systime As Double

Dim Hour, Minute, Second As String

If Val(Interface.Text) < 10 Then
kString = "00" & Interface.TexI

Elself Val(Interface.Text) > 9 Ana val(Interface.Text) < 100 Then
kString = "0" & Interface.Text

Else
kString = Interface.Text

End If

CWIMAQI.Acquirelmage

path = SavelmageText. Text
| newpath = path & kString & ".bmp"

| CWIMAQI1 .SavelmageToDisk new  h, MAQIl.Imz (1)

Interface. Text = Interface. Text + 1
Display.Picture = LoadPicture(newpath)

SystemTime.Text = Format(Now, "hh:at  3s") & "." & Right(Format(Timer, "#0.00"), 2)
| Hour = Val(Left(SystemTime.Text, 2)) * 3600

Minute = Left(SystemTime.Text, 5)

Minute Val(Right(Minute, 2)) |

Second = Val(Right(SystemTime.. ...t, _ )

systime = Hour + Minute + Second
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'open the commport for pressure
With MSComm1

.CommPort =1
Settings "9600,N,8,1"
.PortOpen = True
End With
PrevPressure = "0.00"
PointSelect = 1

End Sub

Private Sub startCommandButton  ick()

newsystime = 1E+26

CWIMAQI.Interface = "img0"
CWIMAQI1.LoadInterfaceDefaults

'TimeTimer.Enabled = True

If Mainform.AutoScaleChec 1e =1 Then

Mainform.AutoScaleTimer.] l \  Mainfc .AutoScaleText.Text) * 1000
Mainform.AutoScaleTimer.Enablec  True
End If

SystemTime.Text = Format(Now, " nn ") & "." & Right(Format(Timer, "#0.00"),
2)

Open "C:\Documents and Settit ‘Josh\Desktop\timei .dat" For Output As #1
Open "C:\Documents and Settit  Josh'  ktop\timereading.dat" For Output As #2

End Sub

Private Sub textl keypress(ke: As Integer)
Dim newtempstring As String

Dim length As Integer

Dim Hour, Minute, Second As String

Dim systime As Double

'If keyascii = 13 Then Textl. Text=""

If keyascii >= 48 Or keyascii <=.. ...en
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currentx1 = CInt(Val(LineX1Text.Text))

currentyl = CInt(Val(LineY 1 Text.Text))

currentx2 = Clnt(Val(LineX2Text.Text))

currenty2 = CInt(Val(LineY 2Text.Text))

Display.Line (currentx2, currenty2)-(currentx 1, currentyl), vbGreen
End If

End Sub

Private Sub StopBotton_Click()
StopFlag = True

If Mainform.AutoScaleTimer.Enabled = True Then
Mainform.AutoScaleTimer.Enabled False
Mainform.Interface. Text '0"

End If

If ConstantCaptureTimer.Enal In Then
ConstantCaptureTimer.Enable Ise

End If

Mainform.startCommandButton.._.1abled = True

Close #1
Close #2
End Sub
Private Sub SaveData(AveTime, AveVolt numChannels)
Dim k As Integer
Dim TempString As String

TempString = CStr(CDbl(FormatNumber  veTime, 4)))

If StartDataPoint = CInt(txtPointsPerFile.” )+ 1 Then

StartDataPoint = 1

OutputDataFile. Text = Replac  utput.  aFile.Text, "-" & CStr(StartDataFile) &
".dat", "-" & CStr(StartDataFile . .) & ".c )

StartDataFile = StartDataFile + |
End If

If chkPressure.Valu¢ 1 Then

For k =2 To numChannels |

TempString = TempString & "," & CStr(CDbl(FormatNumber(AveVoltage(k),
Int(Me.txtVoltPrecision.Text))))
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StartDataPoint = StartDataPoint + 1

'if laser is on Origin point, or distance = 0
'then load the system time and PSD1 voltage
'If Val(Mainform.Distance.Text) = 0 Then
'Mainform.OriginVoltage.Text = PSDaver
'‘Mainform.OriginTime.Text = Av...me
'End If

End Sub

Private Sub SaveData(AveTime, AveVoltage, num( wm ;)
Dim k As Integer
Dim TempString As String

TempString = CStr(CDbl(FormatNumber(AveTime, 4)))

If StartDataPoint = Clnt(txtPointsPerFile.Text) + 1 Then

StartDataPoint = 1

OutputDataFile.Text Replac OutputDataFile. Text, "-" & CStr(StartDataFile) &
".dat", "-" & CStr(StartDataFile + 1) & ".dat")

StartDataFile = StartDataFile + 1
End If

If chkPressure.Value = 1 Then

For k = 2 To numChannels + 1

TempString = TempString & "," & CStr(CDbl(FormatNumber(AveVoltage(k),
Int(Me.txtVoltPrecision.Text))))

Next k

TempString = TempString & "," & C :r(CDbl(Trim(lblPressure.Caption)))
Else

For k = 2 To numChannels + 1

TempString = TempString & "," & CStr(CDbl(FormatNumber(AveVoltage(k),
Int(Me.txtVoltPrecision.Text))))

Next k

TempString = TempString & "," & CStr(Mainform.Distance.Text) & "," &
CStr(Mainform.Interface.Text)
End If
Print #2, TempString
StartDataPoint = StartDataPoint + |

End Sub
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Dim inXPos As Integer
Dim inYPos As Integer
Dim YLabel, XLabel As Double
Dim XTicks, YTicks As Double

DoEvents

YMin = Val(Mainform.minVah “extBox.Text)
YMax = Val(Mainform.maxValueTextBox.Text)

Mainform.PicChart.ForeColor = vbBlack
Mainform.PicChart. AutoRedraw True
Mainform.PicChart.ScaleMode = 3
Mainform.PicChart.Cls

'Determine the maximum size of chart
inMaxX = Mainform.PicCha Sc¢  WVidth
inMaxY = Mainform.PicChart.Sca.v.eight

'Determine the chart margins, includir

'width for the axis labels

inLmarg = Mainform.PicChart.’ Vidth("10000")
inBmarg = 1.35 * Mainform.Pic t. . .xtHeight("5000")
inRmarg = inMaxX - 0.5 * inLma

inTmarg = 0.25 * inLmarg

inBmarg = inMaxY - inBmarg

'Determine scale factors for each axis
ScaleX = (inRmarg - inl.  irg) / [ax - XMin)
ScaleY = (inBmarg - inTmarg)/ __ ax - YMin)

'Determine the origin of the graph
If XMin <= 0 Then
XOrgin = inLmarg + Abs(XMin) * Sca ({
Else
XOrigin = inLmarg - XMin * =X
End If
Y Origin = inBmarg + YMin * ScaleY

'Draw a blue lines to show the origin
Mainform.PicChart.ForeColor = vl ~~

Mainform.PicChart.Line (inLmar Y gin)-(inRmarg, YOrigin)
graphical abscissa

Mainform.PicChart.Line (XOrigin, inTma -(XOrigin, inBmarg)
graphical ordinate

'This draws the real

'This draws the real
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Solution(1) = RealX1

Solution(2) = ImageX1
Solution(3) = Real X2

Solution(4) = ImageX?2
Solution(5) = RealX3

Solution(6) = ImageX3
'Debug.Print "~~~THE END~~~"
End Sub

Public Function CubicRoot(Value)
'Dim value As Double

If Value < 0 Then

Value = -Value

CubicRoot = Value ~ (1 / 3)
CubicRoot = -CubicRoot

Else

CubicRoot = Value ~ (1 / 3)

End If

End Function
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Call CheckforZeros(y6(2), Threshold)

'Now we finally get the roots of out cubic equations by solving for
'x=y-b/3
'In principal only three of these roots should be unique.

xtmp(1, 1) =yl(1)-b/3
If y1(2) <> 0 Then
xtmp(1,2)=y1(2)"-b/3
Else
xtmp(1,2)=0
End If

xtmp(2, 1)=y2(1)-b/3

If y2(2) <> 0 Then
xtmp(2,2)=y2(2)'-b/3
Else
xtmp(2,2) =0
End If

xtmp(3, 1) =y3(1) - b/3

If y3(2) <> 0 Then
xtmp(3,2)=y3(2)'-b/3
Else
xtmp(3,2)=0
End If

xtmp(4, 1) = y4(1) - b/ 3

If y4(2) <> 0 Then
xtmp(4,2) =y4(2)'-b/3
Else
xtmp(4,2)=0
End If

xtmp(5, 1) =y5(1)-b/3

If y5(2) <> 0 Then
xtmp(5,2) =y5(2)'-b/3
Else
xtmp(5,2, )
End If
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xtmp(6, 1) =y6(1)-b/3

If y6(2) <> 0 Then

xtmp(6, 2) =y6(2)'-b /3
Else

xtmp(6, 2) =0
End If

k=1
Fori=1To 6
If xtmp(i, 1) <> "" And xtmp(i, 2) <> "" Then
x(k, 1) = xtmp(i, 1)
x(k, 2) = xtmp(j, 2)
Forj=1To 6
If i <>j Then
If x(k, 1) Like xtmp(j, 1) And x  2) Like xtmp(j, 2) Then
xtmp(j, 1) — nn
xtmp(j, 2) =""
End If
End If
Next
k=k+1
Ifk 4 Then Exit For
End If
Next i

End Sub
Public Function CubeRoot(a) As Double
Dim tmp
If a>= 0 Then
CubeRoot=a "~ (1/3)
Else
CubeRoot = -Abs(a) * (1/3)
End If
End Function
Public Function Norm(a, b) As Double
Nom=Sqr(a~2+b " 2)
End Function
Public Function Angle(deltay, deltax) As Double
Dim Pi As Double
Pi=4* Atn(1)

If deltax > 0 And deltay = O Then
Angle =0

Elself deltax <0 And deltay = 0 Then
Angle = Pi
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Elself deltax >= 0 And deltay:> 0 Then
Angle = Atn(deltay / deltax)
Elself deltax < 0 And deltay : 0 Then
Angle = Atn(Abs(deltax) / deltay) + Pi/2
Elself deltax < 0 And deltay <0 Then
Angle = Atn(Abs(deltay) / Abs(deltax)) + Pi
Elself deltax >= 0 And deltay < 0 Then
Angle = Atn(Abs(deltax) / Abs(deltay)) +3 * Pi/2
End If

End Function

Public Sub CheckforZeros(a, Threshold)
If Abs(a) < Threshold Thena =0

End Sub

Public Sub FitStraightLine(iTnp, Data, m, b)

'This routine assumes that he data. ; two columns x -> Data(1,i) y -> )ata(2,1)
'and the tnp is the total number of «  a points in the array ~ ita()

'This routine fines the best fit line to the data.

'The lineisy =m*x +b

Dim S, Sx, Sy, Sxx, Sxy As Double

Dim Delta As Double

'Dim m, b As Double

S=0
Sx=0
Sy=0
Sxx=0
Sxy=0

Fori=1 To iTnp
S=S+1
Sx = Sx + Data(1, 1)
Sy = Sy + Data(2, i)
Sxx = Sxx + Data(1, 1) * 2
Sxy = Sxy + Data(2, i) * Data(1, 1)
Next 1
Delta=S * Sxx - Sx * 2
b = (Sxx * Sy - Sx * Sxy) / Delta
m = (S * Sxy - Sx * Sy) / Delta

End Sub
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Dim inMaxY As Integer

Dim inLmarg As Integer

Dim inRmarg As Integer

Dim inBmarg As Integer

Dim inTmarg As Integer

Dim inXPos As Integer

Dim inYPos As Integer

Dim YLabel, XLabel As Double
Dim XTicks, YTicks As Double
'Dim Xmin, Xmax, Ymin, Ymax / Double
Dim ScaleX, ScaleY As Double
Dim XOrigin, YOrigin As Double

Xmin = dataX(0)
Xmax = dataX(NPT)
Ymin = dataY(0)
Ymax = dataY(NPT)

MainForm.Picl.ForeColor = vbBlack
MainForm.Picl.AutoRedraw = True
MainForm.Picl.ScaleMode = 3
MainForm.Picl.Cls

'Determine the maximum size « :h
inMaxX = MainForm.Pic1.ScaleWidth
inMaxY = MainForm.Picl.ScaleHeight

'Determine the chart margins, including

'width for the axis labels

inLmarg = MainForm.Picl.TextWi 3 0"
inBmarg = 1.35 * MainForm.Picl.] T t("5000")
inRmarg = inMaxX - 0.5 * inLma

inTmarg = 0.25 * inLmarg

inBmarg = inMaxY - inBmarg

'Determine scale factors for each axis
ScaleX = (inRmarg - inLmarg)/ nax- nin)
ScaleY = (inBmarg - inTmarg) / , . .nax - Ymin)

'Determine the origin of the graph
If Xmin <=0 Then
XOrigin = inLmarg + Abs(Xmin) * aleX
Else
XOrigin = inLmarg - Xmin * ScaleX
End If
Y Origin = inBmarg + Ymin * ScaleY
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XLabel = XLabel + XTicks
MainForm.Picl.Line (inXPos, inBmarg)-(inXPos, inE g - 5)

Next inCounter

Fori=0 To NPT

inXPos = XOrigin + (dataX(i) * ScaleX)
inYPos = YOrigin - (dataY(i) * ScaleY)

Picl.Circle (inXPos, inYPos), 1, RGB(0, 0, 0)

Next i

e ke e ook o e ok o ool ok ok ko ook kR ok skokokakok:s kr eaiofokookalok ok okl o ek ok o ok ok o ok ok i ok o i ok o o ok ok ok ok ok o ok ok o ok
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PolyPoint = Clnt(PolyPointText. Text)

Blue=0
Green=0

Fori=1 To NPT - PolyPoint

For j = 0 To PolyPoint
fit. XYAdd dataX(i +j),d: Y(i+j)'add datato :fit
Next j

Textl. Text="y="& fitCc 0) & " +" & fit.Coeff(1) & "x + " & fit.Coeff(2) &
"x"2 + " & fit.Coeff(3) & "x"3 + " & fit.Coeff(4) & "x"4"

Text3.Text = fit.Coeff(0)

Text4.Text = fit.Coeff(1)

Text5.Text = fit.Coeff(2)

Text6.Text = fit.Coeff(3)

Text7.Text = fit.Coeff(4)

Print #2, dataX(i) & "," & di  Y(i) & "," & fit.Coel ))& "," & fit.Coeff(1) & "," &
fit.Coeff(2) & "," & fit.Coeff(3) & "," & fit.Coeff(4)

Xmin = dataX(i)
Xmax = dataX(i +j - 1)
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Input #3, Time(q), Gauge(q), Coeff0(q), Coeffl(q), Coef q), Coeff3(q), Coeff4(q)

q=q+1
Loop

AllCoeffNPT =q - 1

'Input Output.csv as image data

k=0

Do While (EOF(4) = False)

ReDim Preserve ImageDataX(k) 'time
ReDim Preserve ImageDataY (k) 'distance
ReDim Preserve Interface(k)

Input #4, Interface(k), ImageDataX(k), ImageData¥Y(k) ' time and position (micron)
k=k+1
Lo«
ImageNPT =k - 1
'Do the math when Imagetime falls in the  dingtime scale
Fork =0 To ImageNPT
For g = NewQ To AllCoeffNPT - 1

If ImageDataX(k) <= Time(NewQ) Tl |

NewQ=q

Exit For

Elself ImageDataX(k) <= Time(q + 1) Then

NewQ=q+1

Exit For

End If

Next q

X = ImageDataX(k)
Y = CoeffO(NewQ) + Coeffl(NewQ) * X + Cc  f2(New ™" * X * X + Coeff3(NewQ) *
X*X * X+ Coeffs(NewQ) * X * X *X *X
DeltaPy = Tan(60 * P1/ 180) * (ImageDataY(k) - Y)
Print #5, ImageDataX(k), ImageDataY(k). auge(® vQ), Y, DeltaPy

Next k
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Close #3
Close #4
Close #5
End Sub

Option Explicit

Private Const MaxO& = 25
Private GlobalO& "Ordnung" = dt¢ ee of the polynom expected
Private Finished As Boolean

Private SumX#(0 To 2 * MaxO)

Private SumYX#(0 To MaxO)

Private M#(0 To MaxO, 0 To MaxO + 1)

Private C#(0 To MaxO) 'coefficie  in: Y = C(0)*X"0+ _1)*X"1 + C(2)*X"2 + ...

Private Sub GaussSolve(O&)
'gauss algorithm implementation,
'following R.Sedgewick's "A  rithms in C", Addison-W ey, with minor: Hdifications
Dim i&, j&, k&, iMax&, T#, O]
01=0+1
'first triangulize the matrix
Fori=0To O
iMax =i: T = Abs(M(iMax, 1))
Forj=1i+ 1 To O 'find the line with the largest absvall in this row
If T < Abs(M(j, 1)) Then iM j: T = Abs(M(1Max, 1))
Next j
If i <iMax Then 'exchange the two lines
Fork =1To Ol
T =M(, k)
M(, k) M(iMax, k)
M(iMax, k) =T
Next k
End If
Forj=i+1To O 'scale all following lines to have al  ing zero
T =M(, 1)/ M(, 1)
M(j, i) = O#
Fork=1+1To Ol
M(, k) =M@, k) - MG, k) T
Next k
Next j
Next i
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'then substitute the coefficients
Forj=0 To 0 Step -1
T = M(j, O1)
Fork=j+1To O
T=T-M(, k) * C(k)
Next k
CG)=T/M(, j)
Nextj
Finished = True
End Sub

Private Sub BuildMatrix(O&)
Dim i&, k&, O1&
O1=0+1
Fori=0To O
Fork=0To O
M(, k) = SumX(i + k)
Next k
M(i, O1) = SumYX(i)
Next i
End Sub

Private Sub FinalizeMatrix(O&)
Dimi&, Ol&
O1=0+1
Fori=0To O
M(1, O1) = SumY X(i)
Next i
End Sub

Private Sub Solve()
Dim O&
O = GlobalO
If XYCount< OThenC XY( -1
If O <0 Then Exit Sub
BuildMatrix O
On Error Resume Next
GaussSolve (O)
While (Err.Number <> 0) And (1 <O)
Err.Clear
C0)=0#
0=0-1
FinalizeMatrix (O)
Wend
On Error GoTo 0
End Sub
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Private Sub Class_Initialize()
Init
GlobalO =2

End Sub

Public Sub Init()
Dim i&
Finished = False
Fori1=0To MaxO
SumX(i) = 0#
SumX(i + MaxO) = 0#
SumYX(i) = 0#
C@) = 0#
Next i
End Sub

Public Property Get Coeff#(Exp &)
Dim Ex&, O&

If Not Finished Then Solve

Ex = Abs(Exponent)

O = GlobalO

If XYCount <= O Then O = XYCount - 1

If O < Ex Then Coeff = 0# Else Coeff = C(Ex)
End Property

Public Property Get D¢ e&()
Degree = GlobalO
End Property
Public Property Let Degree(NewVal&)
If NewVal < 0 Or MaxO < NewVal Then
Err.Raise 6000, "RegressionOb ", NewVal & " is an invalid property value! Use
0<= Degree <=" & MaxO
~it Property
End If
Init
GlobalO = NewVal
End Property

Public Property Get XY Count&()
XY Count = CLng(SumX(0))
End Property

Public Function XYAdd(ByVal NewX#, ByVal NewY#)

Dim i&, j&, TX#, Max20&
Finished = False
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Max20 =2 * GlobalO

TX = 1#
SumX(0) = SumX(0) + 1
SumYX(0) = SumYX(0) + NewY
Fori=1 To GlobalO
TX =TX * NewX
SumX(i) = SumX(i) + TX
SumYX(i) = SumYX(i) + NewY * TX
Next i
For i = GlobalO + 1 To Max20
TX =TX * NewX
SumX(i) = SumX(i) + TX
Next i
End Function

Public Function RegVal#(X#)
Dim i&, O&
If Not Finished Then Solve
RegVal = 0#
O = GlobalO
If XYCount <= O Then O = XYCount - 1
Fori=0To O
RegVal =RegVal + C(i) * X "1
Next i
End Function
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