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Camera Car

Krit Tongreungkitti
Kiattipan Mhaijandee
Assoc. Prof. Dr. Surapan Airphaiboon

Abstract

This project is aimed to invent a car which drives itself automatically. In order
to make the car move in the planned route, a video camera is used as a means to
watch the direction, transform the visual results to electrical signals, and send them to
the programmed computer to interpret. The car movement is controlled by the micro
controller. The driving motor of this car is the DC motor. However, using this
experimental car in the real conditions would now be too complicated to do.

Therefore, the project team has to condition the experimental area to be rather
simplified.
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Vs = Motor supply voltage
A
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T
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. 5
Input3 10 3 > {_ 4 12 Input 4

Shaort circuit current sense
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ANy P2.4 (34) P2.0(35) P2.1 (36) P2.5(37) P2.2 (38) P2.3 (39)
MIAUNS ENA INI IN2 ENB IN3 IN4
@uUnh H L H H
opUNag H H
A9 H L L L
Y
Y
B9 H Y H L L L
Yog
d’r
Qe N L 1) E H H L
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i
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g
< CURRENT SENSING B
1 OUTPUT 4
-3 OUTPUT 3
1 INPUT 4
P ENABLE B
S INBUT 2
&3 LOGIC SUPPLY VOLTAGE
[————1 GND
1 INPUT 2
1 ENABLE 2
— INPUT 1
——1 SUPPLY VOLTAGE
=y OUTPUT 2
3 OUTPUT 2
— CURRENT SENSING A
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MINegEATYRA (Signal Modulation)
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1. MsuBgman1apulagn (Amplitnde Modulation, AM)
2. mﬁuﬂﬂmﬁmammﬁ (Frequency Modulation, FM)

3. MINOYPAANININE (Phase Modulation, PM)

MsyegEaanNueuana (AM)
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MSNOYAANNAIING (FM)

Q ~ A v 1 Qo b
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1. amvegaaduaunieueuldsn (Amplitude-Shift Keying 139 ASK)
2. msnaﬂmﬁ@ﬁmﬁmmmwﬁ (Frequency-Shift Keying #30 FSK)

3. AINEQMATNAYNINNE (Phase-Shift Keying 130 PSK)
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2.5 n30IaITUANMNANINY (Radio Transmitters)
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2. NINBUAATYM(Modulator)  imsuilasguauliRvesdygnunve 1N
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4, 2VIPURUAUTAMTS (Impedance Matching Circuit) (1ua9ash1Fdmsy
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Option Explicit

Const MaxLineArray = 24

Dim AveCol As Long ' Holds The Grey Colour Of A Pixel

Private Declare Function GetPixel Lib "gdi32" (ByVal hdc As Long, ByVal X As Long, ByValY
As Long) As Long

Private Declare Function SetPixel Lib "gdi32" (ByVal hdc As Long, ByVal X As Long, ByVal Y
As Long, ByVal crColor As Long) As Long

Dim MaxOfX As Integer, MaxOfY As Integer, ScaleOfX As Double, ScaleOfY As Double,
MaxGrid As Integer

Dim A(1 To 100, 1 To 100) As Integer

Dim L(0 To 25, 0 To 25) As Integer

Dim I As Integer, J As Integer, K As Integer, PX As Integer, PY As Integer

Dim Col As Long, Col2 As Long, TotalTime As Long, StartX As Integer, StartY As Integer,
EndX As Integer, EndY As Integer

Dim RefRX1 As Integer, RefRY 1 As Integer, RefRX2 As Integer, RefRY2 As Integer

Dim RefLLX1 As Integer, RefLY1 As Integer, ReflLX2 As Integer, RefLY?2 As integer

Dim SlopeL As Single, SlopeR As Single, SlopeFound As Single, SlopeChange As Single
Dim SideOfLine As String

Dim FSO As New FileSystemObject

Dim TSO As TextStream

Dim ReceiveNewlmage As Boolean, StopCar As Boolean, TurnToFind As Boolean,
TumDirection As Boolean

Sub SaveDefault()

Set TSO = FSO.OpenTextFile(App.Path & "\Default.txt", ForWriting, True)

TSO.WriteLine (Combo1)

TSO.WriteLine (Text 1)

TSO.WriteLine (Text3)

TSO.WriteLine (Text4)

TSO.WriteLine (Text5)

TSO.WriteLine (RefRX1): TSO.WriteLine (RefRY1): TSO.WriteLine (RefRX2):
TSO.WriteLine (RefRY?2)



TSO.WriteLine (RefLX1): TSO.WriteLine (RefLY1): TSO.WriteLine (RefLX2):
TSO.WriteLine (RefLY2)

TSO.Close
End Sub

Sub LoadDefault()

Set TSO = FSO.OpenTextFile(App.Path & "\Default.txt”, ForReading, True)

Combol = TSO.ReadLine

Textl = TSO.ReadLine

Text3 = TSO.ReadLine

Text4 = TSO.ReadLine

Text5 = TSO.ReadLine

RefRX1=TSO.ReadLine: RefRY1=TSO.ReadLine: RefRX2=TSO.ReadLine:
RefRY?2 = TSO.ReadLine

RefLX1 =TSO.ReadLine: RefLY1=TSO.ReadLine: RefLX2 =TSO.ReadLine: ReflLY2
= TSO.ReadLine

TSO.Close

Set FSO = Nothing
End Sub

Sub ClearPicture3()
SlopeChange = Val(Text5) / 100
MaxOfX = Int(Picturel. Width / Screen.TwipsPerPixel X)
MaxOfY = Int(Picturel. Height * (Val{Text3) / 100) / Screen.TwipsPerPixelY)
MaxGrid = Val(Combol) ' maximum grid in line created process
ScaleOfX = MaxOfX / MaxGrid
ScaleOfY = MaxOfY / MaxGnid

ForI=1ToMaxGrid ' clear all for new number of white dot in picture2
For J = 1 To MaxGrid
A, D=0

NextJ



NextI
For I = 0 To MaxLineArray + 1
For J = 0 To MaxLineArray + 1
LL)=0
Next J
Next1

End Sub

Private Sub cbDriver_Click()
Dim oldDriver As Long
oldDriver = ezVidCapl.Driverindex
On Error Resume Next
ezVidCapl.DriverIndex = cbDriver.Listindex
If Err Then
'restore old settings
ezVidCapl.DriverIndex = oldDriver
cbDriver.Listindex = oldDriver
End If
End Sub

Sub CountWhiteDotPicture2 ToPicture3()
Dim SumPoint As Integer, X As Integer, Y As Integer
For 1= 1 To MaxGrid
For J = 1 To MaxGrid
SumPoint = 0
For X =1 * ScaleOfX To {((I + 1) * ScaleOfX) - 1
For Y =] * ScaleOfY To ({J + 1) * ScaleOtY) - 1

If GetPixel(Picture2.hdc, X, Y) = RGB(255, 255, 255) Then SumPoint = SumPoint +

NextY
Next X

If SumPoint > 0 Then



A(l, J) = SumPoint
If SumPoint >= Val(Text4) Then
Picture3.Line ((I - 1) * ScaleOfX * Screen. TwipsPerPixeiX, (J - 1) * ScaleOfY *
Screen. TwipsPerPixelY)-
((1) * ScaleOfX * Screen. TwipsPerPixelX - 1, (J) * ScaleOfY *
Screen. TwipsPerPixelY - 1), RGB(255, 255, 255), BF
Else
Picture3.Line ((I - 1) * ScaleOfX * Screen. TwipsPerPixelX, (J - 1) * ScaleOfY *
Screen. TwipsPerPixelY)- _
((I) * ScaleOfX * Screen.TwipsPerPixelX - 1, (J) * ScaleOfY *
Screen.TwipsPerPixelY - 1), RGB(128, 128, 128), BF
EndIf
End If
NextJ
NextI
End Sub

Sub SetWhiteDotInPicture2()
For I =1 To MaxOfX "foop through the x-pixels
For J =2 To MaxOfY ‘loop throngh the y-pixels
Col = Abs(GetPixel(Picturel.hdc, I, J) - GetPixel(Picturel hdc, 1,3 - 1))
If Col > (numedge.Value) 4 Then SetPixel Picture2.hdc, I, J, RGB(255, 255, 255)
Next J 'loop through the y-pixels
Next I 'loop through the x-pixels
End Sub

Sub GenReferentLinePicture5()
Dim Ratio As Integer, SumArea As Integer, WidthRatio As Single, HeightRatio As Integer, X As
Integer, Y As Integer

Picture5.Visible = False: Picture5.Cls

Picture5.BackColor = RGB(0, 0, 0)

Picture5.FillStyle = 0: Picture5.FillColor = RGB(255, 255, 255)



Ratio = MaxGrid / MaxLineArray

WidthRatio = Picture5.Width / MaxLineArray

HeightRatio = PictureS.Height * (Val(Text3) / 100) / MaxLineArray
' HeightRatio = PictureS.Height / MaxLineArray

For 1 =1 To MaxLineArray

Picture5.Line ((I - 1) * WidthRatio, 0)-((I - 1) * WidthRatio, Picture5.Height), (RGB(128,
128, 128))
For J =1 To MaxLineArray
Picture5.Line (0, (J - 1) * HeightRatio)-(Picture5.Width, (J - 1) * HeightRatio),
(RGB(128, 128, 128))
NextJ

Next I

SlopeL = (RefLY2 - RefLY 1) / (RefLX2 - RefLX1)

SlopeR = (RefRY?2 - RefRY 1) / (RefRX2 - RefRX1)

Picture5.Line ((RefRX1 - 1) * WidthRatio +(WidthRatio/ 2), (RefRY1 - 1) * HeightRatio +
(HeightRatio / 2))-(RefRX2 - 1) * WidthRatio + (WidthRatio / 2), (RefRY2 - 1) * HeightRatio +
(HeightRatio / 2)), RGB(0, 255, 0)

Picture5.Line ((RefLX1 - 1) * WidthRatio + (WidthRatio / 2), (RefLY 1 - 1) * HeightRatio +
(HeightRatio / 2))-((RefLX2 - 1) * WidthRatio + (WidthRatio / 2), (RefLY2 - 1) * HeightRatio +
(HeightRatio / 2)), RGB(0, 255, 0)

Picture5.Line (0, Picture5.Height * (Val(Text3) / 100))-(Picture5. Width, Picture5 Height),
RGB(0, 0, 255), BF

Label1(2) = "Left (" & RefLX1 & " & RefLY1 & ")-(" & RefLX2 &"," & RefLY2 & ")
Slope =" & Format(SlopeL, "0.00")

Label1(2) = Label1(2) & " / Right (" & RefRX1 & "," & RefRY1 & ")-(" & RefRX2 & "," &
RefRY2 & ") Slope =" & Format(SlopeR, "0.00")

Picture5.Visible = True

End Sub

Sub ShowResult()
Text2(0) = SideOfLine
If SlopeFound <> 0 Then



Text2(1) = Format(SlopeFound, "0.00")
Else
Text2(1) ="N/A"
Text2(0) ="-"
Text2(2) ="N/A"
End If
End Sub

Sub CountMaxDensity AreaPicture3 ToPictured()
Dim Ratio As Integer, SumArea As Integer, WidthRatio As Single, HeightRatio As Integer, X As
Integer, Y As Integer
Picture4.Cls
Picture4.BackColor = RGB(0, 0, 0)
Pictured.FillStyle = O: Pictured.FillColor = RGB(255, 255, 255)
Ratio = MaxGrid / MaxLineArray
WidthRatio = Picture4. Width / MaxLineArray
HeightRatio = Picture4,Height * (Val(Text3) / 100) / MaxLineArmray
' HeightRatio = Pictured.Height / MaxLineArray
For I =1 ToMaxLineArray
Picture4.Line (I - 1) * WidthRatio, 0)-((1- 1) * WidthRatio, Picture4.Height), (RGB(128,
128, 128))
For J= 1 To MaxLineArray
Picture4.Line (0, (J - 1) * HeightRatio)-(Picture4.Width, (J - 1) * HeightRatio),
(RGB(128, 128, 128))
SumArea =0
For X =(I-1) * Ratio+ 1 To I * Ratio
ForY=(J-1)* Ratio+ 1 ToJ * Ratio
If A(X, Y) >= Val(Text4) Then SumArea = SumArea + 1
NextY
Next X
If SumArea> 1 Then
L(1,]) = SumArea



Picture4.Circle ((I - 1) * WidthRatio + (WidthRatio / 2), (J - 1) * HeightRatio +
(HeightRatio / 2)), 5, RGB(128, 128, 128)
End If
Next J

Next1

Picture4.Line (0, Picture4.Height * (Val(Text3) / 100))-(Picture4. Width, Picture4.Height),
RGB(0, 0, 255), BF
End Sub

Sub FindingStartPoint()

Dim X As Integer, Y As Integer
X = 0: ] = MaxLineArray
WhileJ>0And X=0

I=1
While I <= MaxLineArray /2 And X =0
IfL{d, J) < 0 Then
X=1:Y=]J
End If
[=1+1
Wend -
1 = MaxLineArray
While I > MaxLineArray /2 And X =0
If L(L, J) <> 0 Then
X=1IY=]
End If
[=1-1
Wend
J=J-1
Wend
StartX = X: StartY =Y
EndX=X:EndY =Y
End Sub
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Sub TravelAndDrawLine()
Dim Finished As Boolean, WidthRatio As Single, HeightRatio As Single, IsLeftSide As Boolean
Finished = False
WidthRatio = Picture4.Width / MaxLineArray
HeightRatio = Picture4.Height * (Val(Text3) / 100) / MaxLineArray
Picture4.Line ((StartX - 1) * WidthRatio + (WidthRatio / 2), (StartY - 1) * HeightRatio +
(HeightRatio / 2))- _
((EndX - 1) * WidthRatio + (WidthRatio / 2}, (EndY - I) * HeightRatio +
(HeightRatio / 2)), RGB(128, 128, 128)
1 = StartX: J = StartY
IsLefiSide =1 < MaxLineArray / 2
If IsLeftSide Then
SideOfLine = "Left side"
Else
SideOfLine = "Right side”
End If
While Not Finished
If IsLeftSide Then
IfL(I+1,J)>0Then
EndX=I+1:EndY =J
Picture4.Line -((EndX - 1) * WidthRatio + (WidthRatio / 2), (EndY - 1) * HeightRatio
+ (HeightRatio / 2)), RGB(128, 128, 128)
1=EndX:J =EndY
Else
IfL(A+1,J-1)>0 Then
EndX=1+1:EndY=7J-1
Picture4.Line -((EndX - 1) * WidthRatio + (WidthRatio / 2), {EndY - 1) *
HeightRatio + (HeightRatio / 2)), RGB(128, 128, 128)
I=EndX: J=EndY
Else

IfL(I,J - 1)> 0 Then
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EndX=I:EndY=1J-1
Picture4.Line -((EndX - 1) * WidthRatio + (WidthRatic / 2), (EndY - 1) *
HeightRatio + (HeightRatio / 2)), RGB(128, 128, 128)
[=EndX: J=EndY
Else
Finished = True
End If
End If
End If
Else
If1(1-1,3)>0Then
EndX=1-1:EndY =]
Pictured.Line -((EndX - 1) * WidthRatio + (WidthRatio / 2), (EndY - 1) * HeightRatio
+ (HeightRatio / 2)), RGB(128, 128, 128)
1=EndX:J =EndY
Else
IfL{I-1,J-1)>0Then
EndX=1-1:EndY=1J-1
Picture4.Line -((EndX - 1) * WidthRatio + (WidthRatio / 2), (EndY - 1) *
HeightRatio + (HeightRatio / 2)), RGB(128, 128, 128)
I =EndXs = EndY
Else
IfL(1,J-1)>0Then
EndX=1:EndY=J-1
Picture4.Line -((EndX - 1) * WidthRatio + (WidthRatio / 2), (EndY - 1) *
HeightRatio + (HeightRatio / 2)), RGB(128, 128, 128)
I=EndX:J=EndY
Else
Finished = True
End If
End If
End If



End If
Wend
1= StartX: J = StartY
StartX = EndX: StartY = EndY
EndX =1: EndY =J
Picture4.Line ({StartX - 1) * WidthRatio + (WidthRatio / 2), (StartY - 1) * HeightRatio +
(HeightRatio / 2))- _
((EndX - 1) * WidthRatio + (WidthRatio / 2), {EndY - 1) * HeightRatio +
(HeightRatio / 2)), RGB(0, 255, 0)
If EndX <> StartX Then
SlopeFound = (EndY - StartY)/ (EndX - StartX)
Else
SlopeFound =0
End If
End Sub

Sub DrawDirectionPf cture6()
Dim SlopeRatio As Single
Picture6.Cls: Picture6.BackColor = RGB(253, 255, 255)
If SlopeFound = 0 Then Exit Sub
If SlopeFound < 0 Then
Picture6.Line (0, 0)-(100, Picture6.Height), RGB(0, 255, 255), BF
SlopeRatio = Abs(Abs(StopeFound) - Abs(StopeL)) / Abs(SiopeL)
If SlopeFound > SlopeR Then
Picture6.Line (Picture6.Width / 2, Picture6.Height - 50)-(Picture6.Width / 2 + 400 *
SlopeRatio, 50), RGB(255, 0, 0)
Else
Picture6.Line (Picture6.Width / 2, Picture6.Height - 50)-(Picture6.Width / 2 - 400 *
SlopeRatio, 50), RGB(255, 0, 0)
End If
Else

12
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Picture6.Line (Picture6. Width - 100, 0)-(Picture6. Width, Picture6.Height), RGB(0, 255,
255), BF
SlopeRatio = Abs(Abs(SlopeFound) - Abs(SlopeR)) / Abs(SlopeR)
If SlopeFound < SlopeR Then
Picture6.Line (Picture6.Width / 2, Picture6.Height - 50)-(Picture6.Width /2 + 400 *
SlopeRatio, 50), RGB(255, 0, 0)
Else
Picture6.Line (Picture6.Width / 2, Picture6.Height - 50)-(Picture6.Width / 2 - 400 *
SlopeRatio, 50), RGB(255, 0, 0)
EndIf
End If
Text2(2) = Format(SlopeRatio * 100, "0")
End Sub

Sub SendingCommand()
If Text2(0) = "-" Then
1f Not TurnToFind Then
Command2 Click 0
Else
If TurnDirection Then
Command?2_Click 1
Else
Command2 Click 3
End If
End If
Exit Sub
End If
If StopCar Then
Command2_Click 4
Exit Sub
End1f
If SlopeFound < 0 Then



If StartX > RefL.X1 Or EndX > RefLX2 Then
Command2_Click 1
TurnDirection = True
TurnToFind = False
Else
If StartX < RefLX1 And EndX < RefLX2 Then
Command2_Click 3
TurnDirection = False
TurmnToFind = False
Else
Command?2_ Click 0
TurnToFind = True
End If
End If
Else
If StartX < RefRX1 Or EndX < RefRX2 Then
Command2_Click 3
TurnDirection = False
TurnToFind = False
Else
1f StartX > RefRX1 And EndX > RefRX2 Then
Command2_Click 1
TurnDirection = True
TurnToFind = False
Else
Command2 Click 0
TurnToFind = True
End If
End If
End If
End Sub

14



Private Sub Combol_KeyPress(KeyAscii As Integer)
KeyAscii=0
End Sub

Private Sub Commandl_Click()
ReceiveNewlmage = False
ezVidCap1.SaveDIB "C:\Get I stPicture.dib”
Picturel.Picture = LoadPicture("C:\Get1stPicture.dib")
ezVidCapl.Visible = False: Picture4.Visible = False
Picture2.Cls: Picture2.BackColor = RGB(0, 0, 0)
Picture3.Cls: Picture3.BackColor = RGB(0, 0, 0)
Picture2.Line (0, Picture2.Height * (Val(Text3) / 100))-(Picture2. Width, Picture2.Height),
RGB(0, 0, 255), BF
Picture3.Line (0, Picture3.Height * (Val(Text3) / 100))-(Picture3. Width, Picture3.Height),
RGB(0, 0, 255), BF
ClearPicture3
SetWhiteDotInPicture2
CountWhiteDotPicture2 ToPicture3
CountMaxDensityAreaPicture3 ToPicture4
FindingStartPoint
If StartX <> 0 Then
TravelAndDrawLine
Else
SideOfLine ="-"
SlopeFound = 0
End If
ShowResult
DrawDirectionPicture6
ezVidCapl.Visible = True
Picture4.Visible = True
ReceiveNewlImage = True

SendingCommand

15



End Sub

Private Sub Command2_Click(Index As Integer)
Select Case Index
Case 0 ' forward
ForI=0To 15
MSComm1.Output = Chr$(&H61)
MSComm1.Output = Chr$(0)
Next I
Label2 = "FORWARD"
Case 1 'right
For1=0To 15
MSComm 1.Qutput = Chr$(&H62)
MSComml.Output = Chr$(0)
Next I
Label2 = "RIGHT"
Case 2 ' back
ForI=0To 15
MSComm1.Output = Cht$(&H64)
MSComm1.Output = Chr$(0)
Next I
Label2 = "BACKWARD"
Case 3 'left
ForI=0To 15
MSComm1.Output = Chr$(&H63)
MSComm1.Output = Chr$(0)
Next I
Label2 = "LEFT"
Case 4 'stop
ForI=0To 10
MSComm1.Output = Chr$(&H65)
MSComm1.Output = Chr$(0)
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Next I
Label2 = "STOP"
End Select
End Sub

Private Sub Command3_Click()
1f Text2(0) = "-" Then Exit Sub
If MsgBox("Replace with this new setting ? ", vbYesNo + vbQuestion, "Confirm replace.™) =
vbNo Then Exit Sub
If InStr(Text2(0), "Right") <> 0 Then
RefRX2 = StartX: RefRY2 = StartY
RefRX1 = EndX: RefRY1 = EndY
Else
RefL X2 = StartX: RefLY?2 = StartY’
RefLX1 = EndX: RefLY1 = EndY
End If
GenReferentLinePictures
MsgBox "Setting referent line is complete. ", vbOKOnly + vbinformation, "Set as Referent
Line"

End Sub

Private Sub Command4_Click()

if Timer2.Interval > 0 Then
Timer2.Interval = 0: Timer3.Interval =0
Command4.Caption = "START (F5)"
Shape2.FillColor = RGB(255, 0, 0)
Shape3.FillColor = RGB(255, 0, 0)
StopCar = True: Command2_Click 4

Else
Timer2.Interval = 500
Command4.Caption = "STOP (F5)"
Shape2.FillColor = RGB(0, 255, 0)
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Shape3.FillColor = RGB(0, 255, 0)
ReceiveNewImage = True: StopCar = False: TurnToFind = True: Tumer3.Interval = 1000 *
Val(Text6)
End If
End Sub

Private Sub Command5_Click()
If MsgBox(" Are you sure ? ", vbYesNo + vbQuestion, "Question") = vbNo Then Exit Sub
SaveDefault
Command2 Click 4
End
End Sub

Private Sub Form_KeyDown(KeyCode As Integer, Shift As Integer)
Select Case KeyCode

Case vbKeyF5
Command4 Click
End Select
End Sub

Private Sub Form_Load(}
Picturel.Visible = False: Picture2.Visible = Faise: Picture3.Visibie = Faise
Picture2.Width = Picturel.Width: Picture2.Height = Picturel.Height
Picture3.Width = Picturel.Width: Picture3.Height = Picturel Height
Picture4. Width = Picturel.Width: Picture4.Height = Picturel.Height
MSComm1.Settings = "1200,N,8,1"
MSComm1.CommPort = 1
MSComm1.InputLen = 1
MSComm1.PortOpen = True
MSComm1.RThreshold = 1
Command2_Click 4



Total Time = 0: Timer].Interval = 100
numedge.Value = Val(Text1)
I=0
While [ + MaxLineArray < 100
1 =1+ MaxLineArray
Combol.Addltem I
Wend
Combol.ListIndex = Int{Combo1.ListCount / 2)
If 0 < ezVidCapl.NumCapDevs Then
For1=0 To ezVidCap1.NumCapDevs - 1
cbDriver.AddItem (ezVidCapl.GetDriverName(I))
NextI
cbDriver.Listindex = ezVidCapl.Driverindex
Else
cbDriver.AddItem ("<none>")
cbDriver.Listindex = 0
MsgBox "No Video Capture Device!", vbInformation, App.Title
EndIf
LoadDefault
Frame3.Top = 5640: Frame3.Left = 240
GenReferentLinePicture5
TurnToFind = True: TurnDirection = True: Timer3.Interval =0

End Sub

Private Sub Form_Unload(Cancel As Integer)
If MsgBox("Are you sure ? ", vbYesNo + vbQuestion, "Question") = vbNo Then
Cancel = 1
Else
SaveDefault
Command2 Click 4
End If
End Sub

19
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Private Sub numedge Change()
Textl = numedge.Value
End Sub

Private Sub Picture4 MouseMove(Button As Integer, Shift As Integer, X As Single, Y As Single)
1f ScaleOfX = 0 Or ScaleOfY = 0 Then Exit Sub
If Y >= Picture4.Height * (Val(Text3) / 100) Then Exit Sub
PX = Int(X / (Picture4, Width / MaxLineArray)) + 1
PY =Int(Y / ((Picture4.Height / MaxLineArray) * (Val(Text3) / 100))) + 1

' PY = Int(Y / (Picture4.Height / MaxLineArray)) + 1
'Labell(15)="("&PX&"," & PY&")"
Labeli(15)="(" & PX & " ," & PY & ") Total point found is " & L(PX, PY)&" .

End Sub

Private Sub Timerl Timer()

TotalTime = TotalTime + 1

Label1(10) = Format(Now, "HH:MM:SS:") & TotalTime Mod 10
End Sub

Private Sub Timer2 Timer()
If ReceiveNewImage Then Commandl_Click

End Sub

Private Sub Timer3_Timer()
TurnToFind = False
Timer3.Interval =0

End Sub



RF ASK L.ow Cost Hybrid Modules for Radio Control and Telemetry applications

TLP-434 Transmitter RLP-434 Receiver
: e i 4 ATp—

- - > pin2: Dig u

pin 1: Vee ) pin 3 : Linear Output

pin 2: Vee Freq. Adjust, pin4: Vee

pin3:Gnd 10,50 e pin6: Vee

pind: Gnd 12 3 4 3§01 8 pin 8 : Gud

pin & : RF Output e 35, bt pin 7 : God

pin 8 : Digital Data Input I I l | M — I I | pin 8 : Antenna { About 30 - 38 cm )

2. 0ina
Modulation : ASK

Frequency 315, 418 and 433.92MHz Frequency 318, 418 and 433.92MHz  supply Voltage : 4.6 - 6.6 VDC

Output : Digital & Linear

Modulation : ASK Sensitivity : 3uVms

Operation Voltage : 2 - 12 VDC
RF Output Power : 8SmW @3.8V

— - - Symbol Parameter Conditions Min Typ Max
Symbol Parameter Conditions Min Typ Max | Unit - . e e £ ¥ v
tin; ] - y
Vee  |Operating supply voltage 2.0 - 12.0 A pesn(OpR2 - e e,
Itot |Operating Current - 3.5 4.5 mA
Lo v 2 TN Vdata Data Out Tdata = +200 vA ( High) | Vee-0.3 Voo | V
Vi [impot High Voltege Tanta= T00WA (High) [Ves0.5 | Vee |Veet03] v ata Ou e : i = ) | Yerr0. e
VI |mput Low Voltage Idata= 0 wA (Low) | - = 0.3 v o R —— ' . ]
FO _ |Absolute Frequency 315Mhzmodule | 314.8 | 315 | 3152 | MHz N AW g v
Relative To 433.92MHz +/-150 | +{-200 | KHz Characteristics SYM Min ] Typ ] Max
PO  |RF Output Power- 50ohun Vee = 9V to 12V - 16 - dBm Operation Radio Frequency FC 315,418 and 434
Vee = 5V to 6V “ 14 - dBm Sensitivity Pref -100 -103 -106
DR  |Data Rate External Encoding - 24K 3K bps Channel Width +-1.5
Notes ; ( Case Temperature = 25°C +- 2°C , Test Load Impedance = 50 ohm ) Receiver Turn On Time 5
Anviieatsn Clasuiel Noise equivalent BW NEB 4
pplication Circuit I: S
Typical Key-chain Transmitter using HT12E-18DIP, a Binary 12 bit Encoder from PIEFROPPL e 3 2
Holtek Semiconductor Inc. J) & it
Application Circuit II;
Vdd Typical RF Receiver using HT12D-18DIP, a Binary 12 bit Decoder with 8 bit uC HT48RXX from
Vdd :
i - 1_8___7______'—_[—__—] 1,2, Holtek Semiconductor Inc.
~\— A0 Vdd] 36 5
-‘\\: Al Dou1t " Code Input TERA34 RF output 1 18 b VDG
o A2 9se Rosc ~ Ay vaa] T
LN\ A3 o0sc2 _-:-—M‘:] l3 4 Ned VT
N\ Ad TE % N Ay OFCT LA 1
L | A5 AD11—" S— a3 ma——ﬁg w o [GND ANT|
% A DIN - g
L\ A6 AD10— ADB,9,10& M ‘an on ¢ Virer ol GND
L A7 ADS j Data bit or Address bit N lag ©IO —E—-VW veo |
ADS S 4?7 D9
AL st Ty AD-A7 Vss DB —al T RLP434
HT12E Address bit Y 1HT12D ';210 Vd?
ose
ﬂSi osc2 3 Ml

PD4 Vss[—]  presoalam

Voice/Speaher DS a0
Cenal Interface «e——1PBE PAl
Light Control e P ¢ PAL

LAIPAC s Gt
» TECH

- =
Relay -

Laipac Technology, Inc.
105 West Beaver Creek Rd. Unit 207 Richmond Hill Ontario L4B 1C6 Canada
Tel: (905)762-1228 Fax: (905)770-6143 e-mail: info@laipac.com
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L298

DUAL FULL-BRIDGE DRIVER

s OPERATING SUPPLY VOLTAGEUP TO 46 V

s TOTAL DC CURRENT UPTO4 A

s LOW SATURATION VOLTAGE

= OVERTEMPERATURE PROTECTION

= LOGICAL "0” INPUT VOLTAGE UP TO 15 V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuitin a 15-
lead Multiwatt and PowerSO20 packages. It is a
high voltage, high current dual full-bridge driver de-
signedto acceptstandard TTL logiclevels and drive
inductive loads such as relays, solenoids, DC and
stepping motors. Two enableinputs are provided to
enableor disable the deviceindependentlyof thein-
put signals. The emitters of the lower transistors of
each bridge are connected togetherand the corre-
sponding external terminal can be used for the con-

BLOCK DIAGRAM

PowerS020

Multiwatt15

DRDERING NUMBERS : L298N (Multiwatt Vert.)
L298HN (Multiwatt Horiz.)
L298P (PowerS020)

nectionofan externalsensingresistor. An additional
supplyinputis provided so that the logic works at a
lower voltage.

ouTs aur2 g ours ouTs
2 3 %] ‘u
455 | —
B

1 2 3 4
in? né
s D"o
4

In2

o—142 w |
EnA

1 , "l

s
I L-n—s-'osaasen ,

Jenuary 2000
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L298

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vs Power Supply 50 \Y
Vss Logic Supply Voltage 7 Vv
Vi,Ven Input and Enable Voltage -03ta7 \%
lo Peak Output Current (each Channel)
— Non Repetitive (t = 100us) 3 A
—Repetitive (80% on —20% off; ton = 10ms) 25 A
-DC Operation 2 A
Vsens Sensing Voltage -1t023 Y
Ptot Total Power Dissipation (Tcase = 75°C) 25 w
Top Junction Operating Temperature —25to0 130 °C
Tag, Tj Storage and Junction Temperature —40to 150 °C
PIN CONNECTIONS (top view)
/ L il AL D CURRENT SENSING B
VN sm— R V1 V)
'$’ 18 ESSTTTD OUTPUT3
23 iNeUT4
) 1y TE—— ENABLE B
[N mm— T
- - SE—— LOGIC SUPPLY VOLTAGE Vgg
rottwatts SO g
R INPUT 2
6 O ENABLEA
5 SRailany NPUT 1
4 T SUPPLY VOLTAGE Vg
.$. sF—=  oumur2
2 > outPuTi
\ " o~ 1T/ CURRENTSENSING A
Z TAB CONNECTED TO PIN 8 DBsINZ4GA
4
GND [} 1 20 =] GND
SenseA 1§ 2 19 £ 1 SenseB
NGC. 43 18 £ NC.
outt 1 4 17 [ Out4
outz 45 PowerSO20 16 =] out3
vs —16 15 =7 Input4
Inputt R 7 14 ] Enable B
EnableA [ 8 13 =] input3
Input2 8 9 12 1 vss
GND [ 10 11 1 GND
DB35IN239
THERMAL DATA
Symbol Parameter PowerS020 Multiwatt15 | Unit
Riicase | Thermal Resistance Junction-case Max. = 3 °CIW
Rmjamb | Thermal Resistance Junction-ambient Max. 13 35 °CIW

(*) Mounted on aluminum substrate

2/13

g




L298

PIN FUNCTIONS (referto the block diagram)

MW.15 PowerSO Name Function
1;15 2;19 Sense A; Sense B |Between this pin and ground is connected the sense resistor to
control the current of the load.
2;3 4,5 Out1; Out2 Outputs of the Bridge A; the current that flows through the load
connected between these two pins is monitored at pin 1.
4 6 Vs Supply Voltage for the Power Output Stages.
A non-inductive 100nF capacitor must be connected between this
pin and ground.
5,7 7,9 Input1; Input 2 TTL Compatible Inputs of the Bridge A.
6;11 8;14 Enable A; EnableB | TTL Compatible Enable Input: the L state disables the bridge A
(enable A) and/or the bridge B (enable B).
8 1,10,11,20 GND Ground.
9 12 VSS Supply Voltage for the Logic Blocks. A100nF capacior must be
connected between this pin and ground.
10; 12 13;15 Input 3; Input4 TTL Compatible Inputs of the Bridge B.
13; 14 16,17 Out 3; Out4 Outputs of the Bridge B. The current that flows through the load
connected between these two pins is monitored at pin 15.
- 3;18 N.C. Not Connected

ELECTRICAL CHARACTERISTICS (Vs = 42V; Vss =5V, T; = 25°C; unless otherwise specified)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vs Supply Voltage (pin 4) Operative Condifion Viy 2.5 46 \"
Vss _JLogic SupplyVoltage (pin 9) 4.5 5 7 Vv
Is Quiescent Supply Current (pin4)  jVen=H; L=0 Vi=L 13 22 mA
Vi=H 50 70 mA
Ven =L Vi=X 4 mA
Iss Quiescent Current from Vss (pin9) {Ven=H; L =0 Vi=L 24 36 mA
Vi=H 7 12 mA
Ven =L Vi=X 6 mA
ViL Input Low Voltage 03 15 Vv
(pins 5,7, 10, 12)
Viu  |jinput High Voltage 2 VSS \'
(pins 5,7, 10, 12)
I Low Voltage Input Current Vi=L -10 pA
(pins 5,7, 10, 12)
M High Voltage Input Current Vi=H< Vgs 0.6V 30 100 A
(pins 5,7, 10,12)
Ven =L JEnable Low Voltage (pins 6, 11) -0.3 15 Vv
Ven =H JEnable High Voltage (pins 6, 11) 23 Vss Y
len =L JLow Voltage Enable Current Ven=L -10 pA
(pins 6, 11)
len =H JHigh Voltage Enable Current Ven =H < Vg5 0.6V 30 100 HA
(pins 6,11)
VcesaH) |Source Saturation Voltage L =1A 0.95 1.35 17 \"
I =2A 2 27 \Y
Vcesa) |Sink Saturation Voltage k=1A (5) 0.85 1.2 16 \
L=2A (5) 1.7 2.3 Vv
Vcesat | Total Drop k=1A (5) 1.80 32 \"
iL=2A (5) 4.9 )
Vsens [Sensing Voltage (pins 1, 15) -1 (1) 2 \"
KYI 313
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ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
T4 (V) JSource Current Tum-off Delay 05Vito 091  (2);(4) 15 us
T, (V) |Source Current Fall Time 09§ 001l (254) 0.2 us
T3 (Vi) |Source Current Turn-on Delay 05Vito 0.1l (2);(4) 2 us
T4 (V) [Source Current Rise Time 0.1} 009l  (2);(4) 0.7 us
Ts (Vi) [Sink Current Turn-off Delay 05Vito 091, (3);(4) 0.7 us
Te (V) §Sink Current Fall Time 091 0011 (3);(4) 025 us
T7 (Vi) {Sink Current Turn-on Delay 05Vito 091, (3% (4) 16 us
Ts (Vi) }Sink Current Rise Time 015 o091 (3);(4) 02 us
fc (Vi) JCommutation Frequency L=2A 25 40 KHz
T1 (Ven) |Source Current Turn-off Delay 05Vento 09 L  (2);(4) 3 us
T2 (Ven) |Source Current Fall Time 091 10011 (2);(4) us
T3 (Ven) {Source Current Turn-on Delay 05Vento 0.1 (2);(4) 0.3 us
T4 (Ver) |Source Current Rise Time 011 0095  (2);(4) 04 ps
Ts (Ven) {Sink Current Turn-off Delay 0.5Vent0 09k (3);(4) 22 us
Te (Ven) §Sink Current Fall Time 094 to011. (3)(4) 0.35 us
T7 (Ven) |Sink Current Tum-on Delay 05Vento 0.9 (3):(4) 025 us
Ts (Ven) |Sink Current Rise Time 011, 0091 (3)(4) 0.1 ps

1) 1)Sensing voltage can ba -1V for t < 50 psec; in steady state Vsens min> - 0.5 V.
2) Seefig.2.
3) Sea fig.4.
4) The load must be a pureresistor.
Figure 1 : Typical Saturation Voltage vs. Output Figure 2 : Switching Times Test Circuits.
Current.
5~ 8438
Vsar
m Vss=¥
v,=4.z5v'
24 Yss = " INPUT
L
20
7 VA& 1298 ouT
p

18 > // = ENABLE . LY

12 > Rz200

08

' s-sen2n
0.4
0 04 0B 12 168 20 24 IafA). Note : For INPUT Swiiching, setEN =H
For ENABLE Switching, setIN =H
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L298

Figure 3 : Source Current Delay Times vs. Input or Enable Switching.
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Figure 4 : Switching Times Test Circuits.

Note: For INPUT Switching, setEN=H
For ENABLE Switching setIN=L
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Figure 5 : Sink Current Delay Times vs. Input 0 V Enable Switching.
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Figure 6 : Bidirectional DC Motor Control.
s
o
—'Lr; Inputs Function
Ven=H C=H;D=L Forward
& C=L;D=H {Reverse
P C=D Fast Motor Stop
Ven=L C=X;D=X Free Running
Ls | aF Motor Stop
112 L298N L=Llow H =High X =Don'tcare
n
Veu
s ] 1
mm’_} _L __[-,,
Dt 7O D4: 1A FAST RECOWERY DIODE {1,y €200ns)
5380573
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L298

Figure 7 : For higher currents, outputs can be paralleled. Take care to parallel channel 1 with channel4

and channel 2 with channel 3.
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APPLICATION INFORMATION (Refer to the block diagram)

1.1.POWER OUTPUT STAGE

The L 298integratestwo poweroutputstages(A; B).
The power output stage is a bridge configuration
and its outputs can drive an inductive load in com-
mon or differenzialmode, dependingon the state of
the inputs. The current that flows through the load
comes out from the bridge at the sense output: an
externalresistor (Rsa ; Rss.) allows todetectthe in-
tensity of this current.

1.2. INPUT STAGE

Eachbridgeis driven by means of fourgatesthe in-
put of which are In1; In2; EnAand In3; in4 ; EnB.
The Ininputs set the bridge state when The En input
ishigh; a lowstate of the Eninputinhibitsthe bridge.
All the inputs are TTL compatible.

2. SUGGESTIONS

A non inductive capacitor, usually of 100 nF, must
be foreseen between both Vs and Vss, to ground,
as near as possible to GND pin. When the large ca-
pacitor of the power supply is too farfromthe IC, a
second smaller one must be foreseen near the
L298.

The sense resistor, not of a wire wound type, must
be grounded near the negative pole of Vs that must
be nearthe GND pin of the I.C.

&7

Each input must be connected to the source of the
driving signals by means of a very short path.

Turm-On and Tum-Off : Before to Tum-ONthe Sup-
ply Voltageand beforeto Tumit OFF, the Enablein-
put must be driven to the Low state.

3. APPLICATIONS

Fig 6 shows a bidirectional DC motor control Sche-
matic Diagram for which only one bridge is needed.
The extemal bridge of diodes D1 to D4 is made by
four fast recovery elements (trr < 200 nsec) that
must be chosen of a VF as low as possible at the
worst case of the load current.

The sense outputvoitage can be used to control the
current ampiitude by chopping the inputs, or to pro-
vide overcument protection by switching low theen-
able input.

The brake function (Fast motor stop) requires that
the Absolute Maximum Rating of 2 Amps must
never be overcome.

When the repetitive peak current needed from the
load is higher than 2 Amps, a paralleled configura-
tion can be chosen (See Fig.7).

An extemal bridge of diodes are required when in-
ductive loads are driven and when the inputs of the
IC are chopped; Shottkydiodeswould be preferred.
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This solution can drive untit 3 Amps In DC operation Fig 10 shows a second two phase bipolar stepper
and until 3.5 Amps of a repetitive peak current. motor control circuit where the current is controlled
OnFig 8itis shownthedriving ofa twophasebipolar Py the 1.C. L6506.

stepper motor ; the needed signals to drive the in-

puts of the L298 are generated, in this example,

from the IC L297.

Fig9 shows an example of P.C.B. designedforthe
application of Fig 8.

Figure 8 : Two Phase Bipolar Stepper Motor Circuit.
This circuit drives bipolar stepper motors with winding currents up to 2 A. The diodes are fast 2 A types.

Rs1=Rs2=0.5Q

. Ve<12V@I1=2A
D1 to D8 =2 A Fast diodes { tr< 200 ns

8/13
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Figure 9 : Suggested Printed Circuit Board Layout for the Circuit of fig. 8 (1:1 scale).
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Figure 10 : Two Phase Bipolar Stepper Motor Control Circuit by Using the Current ControllerL6506.
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DIM. mm inch
MIN. | TYP. | MAX. | MIN. | TYP. |MAX. OUTLINE AND
A 5 0.197 MECHANICAL DATA
B 2565 0.104
C 16 0.063
D 1 0.039
E | 049 0.55 | 0.019 0.022
F | 066 0.75 | 0.026 0.030
G | 102 | 127 | 152 |0.040 | 0.050 | 0.060
G1 | 1753 | 17.78 | 18.03 | 0.690 | 0.700 | 0.710
H1 | 196 0772
H2 202 0795
L | 219 | 222 | 225 |0.862 | 0.874 | 0.886
11 | 217 | 221 | 225 |0.854 | 0.870 | 0.886
12 |17.65 181 | 0.695 0.713
13 |17.25] 175 | 17.75 | 0.679 | 0.689 |0.699
14 | 103 | 107 | 109 |0.406 | 0.421 [0.429
L7 | 265 29 |0.104 0114
M | 425 | 455 | 485 {0167 |0.179 {0191
M1 | 463 | 5.08 | 553 |0.182 |0.200 | 0218
s | 19 26 | 0075 0.102
s1 | 19 26 |0.075 0102 Multiwattis Vv
Dial | 3.65 3.85 | 0.144 0152
H
A 2|
-
rd i
3 ] a1 /
[ ot 1
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L (=] g Y 9
: H2
B e
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L298

oM. = =5 OUTLINE AND
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.

. : e MECHANICAL DATA
B 2.65 0.104

C 1.6 0.063

E 0.49 0.56 |0.019 0.022

F 0.66 0.75 |0.026 0.030

G 114 | 1.27 1.4 }0.045 | 0.050 | 0.055
G1 |17.57 | 17.78 | 17.91 | 0.692 | 0.700 | 0.705

H1 19.6 0.772

H2 202 0.795

L 20.57 0.810

L1 18.03 0.710

L2 2.54 0.100

L3 | 1725} 175 | 17.75 | 0.679 | 0.689 | 0.699

L4 103 | 10.7 | 10.9 | 0.406 | 0.421 | 0.429

L5 528 0.208

L6 238 ] 0.004

L7 | 265 29 [o0.104 0.114

s | 19 26 | 0075 0.102

s1 | 19 26 |0.075 0.102 Multiwatt15 H
Dial | 3.65 3.85 | 0.144 0.152
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(1)"DandF” do not include mold flash or protrusion
Mold flash orpmtrusonsshallnotexoeed015mm(00(ﬁ”)
- Criticaldimensions "E", "G” and

DIM. mm inch
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. OUTLINE AND
A 36 0.142 MECHANICAL DATA
a1l 0.1 1 03 |0.004 0.012
a2 3.3 0.130
a3 0 0.1 0.000 0.004
b 0.4 0.53 | 0.016 0.021
c | 023 0.32 | 0.009 0.013
D() | 158 16 | 0.622 0.630
D1 | 94 9.8 |0.370 0.386
E 13.9 14.5 | 0.547 0.570
e 1.27 0.050
e3 11.43 0.450
E1(1)] 109 11.1 | 0.429 0.437
E2 29 0.114
E3 5.8 6.2 10.228 0.244
e 0 0.1 | 0.000 0.004
H | 155 15.9 | 0.610 0.626
h 11 0.043 JEDEC MO-166
L | o8 1.1 | 0.031 0.043
N 10° (max.)
S 8°(max.)
1 [ 10 | | lo3ea] PowerS020

N, N R—
a2| A
b“r DETAI:;EE: - DETAIL B ¥ g %:
e: wsd [T DETALA
—\\
b a:;J N2
OO000AA00T 3N
20 1 Wm
I
S L e pave
e ALl oo T SRR
B ———
E3
\1 10 uuu
Toooooooog ol
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+5V-Powered, Multi-Channel RS-232
Drivers/Receivers
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