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ABSTRACT

This thesis presents a solution to tracking problem, which is one of interesting
research topics, for robot with obstacle avoidance using simple fuzzy control.
The proposed forms of membership functions are designed in light of easy-to-
implement for the real-world application. Control parameters are considered and
assigned based upon size of the robot and interaction distance between sensors and
environment. To evaluate the effectiveness of the design, computer simulation using
Visual Basic is carried out to validate the robot movement. The results show a

guideline possibility for implementation of the system using the proposed design.
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3.2 NTRTNNGNITAILAN UAS N15INARENY

nasfmuangnisauAuuLLid e IFegluguunses IF-THEN Rules Sausing
Anuduiufszndnsdndunauanandnn  guluuvlaevialiasangaounuied lunsdlees
sruufiinaneBunaniliandfym (Multi-input Single-Output System MISO) Aa

R':IFxisA, ..,ANDyisB, , THENz=C, ,J=123,..n

e x,.... y waz z fludausiad A, ....B, uaz C, hunauaniiaanadasiuss
wilsWad x , y uas z ﬁ'ﬂgjlumnnw U,....V 48g W anuanau dsswariiled x is A, ..., AND
y is B, AAnamds IF dufludaurasdenlafidands “Precondition” wiadautaBunaNYd
aqutlsewarifed z = C, fmunds THEN duflugaunaiiiasandeulafidend
“Consequent” wFaiiludausauansiyanad
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WaNEER Hani1ereailiuung 7 wenwm)

3.2.1 MIATNNYNIFAIUAN (Fuzzy Rules Base)
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ngAnIsu mAewuienaunandanaying

ngdoi| svnsriednonii|szashed i svazhisd | iemveati nnnofyumavsulainangs
1 NF NL NR BL NB Slow
2 NF NL NR I NB Slow
3 NF NL NR F.L NB Slow
4 NF NL NR z NM Slow
5 NF NL NR F R PB Slow
6 NF NL NR R PB Slow
7 NF NL NR BR PB Slow
8 NF NL FR B L PS Medium
9 NF NL FR L PS Medium
10 NF NL FR FL PS Medium
11 NF NL FR Z PS Medium
18 NF FL NR z NS | Medium
19 NF FL NR FR NS | Medium
20 NF FL NR R NS | Medium
21 NF FL NR B_R NS | Medium
24 NF FL FR FL PS Slow
25 NF FL FR 2 7z Slow
26 NF FL FR FR NS Slow

; y
endethafieanudiladmiainadaungmenouaudwiungdad 1 AN

1
Vv o =l

A19197 3.1 Tomast
i sraevnam Ui Wl NF sreevinednudne ol NL
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[ngdeil| sznzvhadrumi] szuzvhedvdnl szosvhadrvam|Remevesdhmne] spnrsmg] aannda)

29 FF NL NR B_L 7Z | Medium
30 FF NL NR 7z | Medium
31 FF NL NR FL 7z | Mediom
2 FF NL NR z 7z Fast

3 FF NL NR FR 7z | Mediom
34 FF NL NR R 7z | Medium
35 FF NL NR B_R 7Z | Medium
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Walhunneegflmssdnaenagene Al 3.8 Aniu ieldvjuewialdudi
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AN919N 3.3 NHNITAILANLNAN UL UA NWﬂﬂﬂ??NlﬂﬂﬂuﬂllﬂﬂqN’lﬂU

nginssu mdewn Tlmuvey
ngdofi| szozrhadmi| szashaddhn|szashedven|fimmeveathmng yumanyulanuda
36 FF NL FR BL zz Fast
37 FF NL FR L zz Fast
38 FF NL FR FL zz Fast
a2 FF NL FR BR NS Fast
43 FF FL NR BL NS Fast
47 FF FL NR F R 7z Fast
48 FF FL NR R zz Fast
49 FF FL NR BR 7z Fast
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ng@nssu masun Iiadhming

ngdei|sravrhed i) sashed i 1=azn'uﬁ'mn1[ﬁmuunﬂmmn yunIvyu| Anda
12 NF NL FR FR PS Fast
13 NF NL FR R PM Fast
13 NF NL FR B R PB Fast
15 NF FL NR BL NB Fast
16 NF FL NR L NM Fast
17 NF FL NR FL NS Fast
2 NF FL FR BL NB Fast
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'Declare Variables in Fuzzification

Dim Distance_FrontObs, Distance_LeftObs, Distance_RightObs

Dim NF, FF ‘near far Front Term Set

Dim NL, FL ‘near far Left Term Set

Dim NR, FR ‘near far Right Term Set
DimB_L LLFLZZFRRRBR 'Term Of Target Oreintation
'Declare Variables in Rule Base

Dim Rule(56)

Dim nb(), nm(), ns(), zz(), ps(), pm(), pb() 'Minimum of Output Steer Angle
Dim s(), m(), f) ‘Minimum of Output Robot Speed

Dim MaxNB, MaxNM, MaxNS, MaxZZ, MaxPS, MaxPM, MaxPB

Dim Max8, MaxM, MaxF

'Declare Variables in Defuzzification

Dim Fraction, Denominator

Dim RobotSpeed, SteerAngle

Dim MemberSpeed, MemberSteer

Dim SteerAngleDegree, SteerAngleOut, SpeedOut

Dim Slow, Medium, Fast

Dim NegB, NegM, Neg$, Zero, PosS, PosM, PosB

'Declare variables for Robot and Target

Dim TargetDirection, RobotDirection 'Direction of Target and Direction of Robot
Dim DistanceX, DistanceY 'Distance X Axis,Y Axis Between Robot and Target
Dim TargetAngle, DifferAngle, RobotRotateAngle

Dim RobotAngle, OldRobotAngle, NewRobotAngle

Dim RobotStep, RobotStepX, RobotStepY 'Step of Robot,in X-Axis and Y-Axis
‘Declare variables for check repeat rotate loop

Dim Sum_SteerLeft, Sum_SteerRight

‘Declare Constant

Const Pl = 3.14159266358979

Const Tolerant = 0.05 ‘Tolerant for accomplish
‘Declare Boolean

Dim PressMouse As Boolean, CreatObs As Boolean

Dim PlaceRbt As Boolean, PlaceTgt As Boolean

Dim LimitSwitchLeft, LimitSwitchRight As Boolean

'‘Declare flag to stop graphic routines in Do Loops.

Dim DoFlag As Boolean

'Declare TimeLength Display

Dim TimeLengthMS, TimeLength

'Declare Distance Display

Dim DistanceSum

'Declare Creat Trackline

Dim Trackline

‘Declare Number of Loop

Dim LoopCount




Private Sub Form_Load()
'Initiation of program
DoFlag = False
RobotStep = 0.01
Time.Interval = 100
'Initiattion of Robot
Robot.ScaleMode =7
Robot. Width = 1.5
Robot.Height = 1.5
Robot.Left=0+ 10
Robot.Top =0 + 10
FrontLine.Visible = False
LefiLine.Visible = False
RightLine.Visible = False
BehindLine.Visible = False
‘Initiation of Target
Target.Left = Area.ScaleWidth - (Target Width + 10)
Target. Top = Area.ScaleHeight - (Target.Height + 10)
'Initiattion of Area Space
Area.ScaleMode =7
Area Width = 23
Area,Height = 15
Area.DrawWidth = 20
Area.Line (0, 0)-Step(Area,ScaleWidth, 0)
Area.Line -Step(0, Area.ScaleHeight)
Area.Line -Step(-Area.ScaleWidth, 0)
Area.Line -Step(0, -Area.ScaleHeight)
Area.DrawWidth = 1
Area.ScaleMode = vbCentimeters
"Initiate Trackline
Trackline = 1
LoopCount =0
End Sub
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Private Sub ExitButton_Click()
Unload Me
End

End Sub

Private Sub ClrScrButton_Click()

'Cleer Screen
Area.Cls
Area.ScaleMode = vbPixels
Area.DrawWidth = 20
Area.Line (0, 0)-Step(Area. ScaleWidth, 0)
Area.Line -Step(0, Area.ScaleHeight)
Area.Line -Step(-Area.ScaleWidth, 0)
Area.Line -Step(0, -Area.ScaleHeight)
Area.DrawWidth = 1
Area.ScaleMode = vbCentimeters



DoFlag = False

DistanceSum =0

LblIDistance.Caption = FormatNumber(DistanceSum, 1)
End Sub
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Private Sub RunButton_Click()
DoFlag = True
Robot.Visible = False
CheckTargetAngle
FrontLine.Visible = True
LeftLine.Visible = True
RightLine.Visible = True
BehindLine.Visible = True
TimeLengthMS =0

End Sub

Private Sub StopButton_Click()

DoFlag = False

Robot.Visible = True

FrontLine.Visible = False

LeftLine.Visible = False

RightLine.Visible = False

BehindLine.Visible = False

LbiDistance.Caption = FormatNumber(DistanceSum, 1)
End Sub

Private Sub ObsButton_Click()
‘Creat Obstacle
CreatObs = True

End Sub

Private Sub Area_MouseDown(Button As Integer, Shift As Integer, X As Single, Y As Single)
PressMouse = True
If PlaceRbt Then
Robot.Left = X - (Robot.Width / 2)
Robot.Top = Y - (Robot. Height / 2)
End If
If PlaceTgt Then
Target Left = X - (Target Width / 2)
Target.Top =Y - (Target.Height / 2)
End If
End Sub

Private Sub Area_MouseMove(Button As Integer, Shift As Integer, X As Single, Y As Single)
If PressMouse And CreatObs Then
Area.Line (X~ 02,Y-0.2)-(X + 0.2, Y + 0.2), vbBlack, BF
End If
End Sub

Private Sub Area_MouseUp(Button As Integer, Shift As Integer, X As Single, Y As Single)



PressMouse = False

CreatObs = False

PlaceRbt = False

PlaceTgt = False
End Sub
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Private Sub PlaceRobot_Click()

'Place Robot Posotion
PlaceRbt = True
CheckTargetAngle
OldRabotAngle = TargetAngle
DoFlag = False
Robot.Visible = True
FrontLine.Visible = False
LeftLine.Visible = False
RightLine.Visible = False
BehindLine. Visible = False
DistanceSum =0
LblDistance.Caption = FormatNumber(DistanceSum, 1)

End Sub

Private Sub PlaceTarget_Click()

'Place Target Position
PlaceTgt = True
CheckTargetAngle
OldRobotAngle = TargetAngle
DoFlag = False
FrontLine.Visible = False
LefiLine.Visible = False
RightLine.Visible = False
BehindLine.Visible = False
DistanceSum = 0
LbiDistance.Caption = FormatNumber(DistanceSum, 1)

End Sub

Private Sub Time_Timer()
If DoFlag = True Then
If (Abs(DistanceX) > Tolerant) Or (Abs(DistanceY) > Tolerant)) Then
CheckTargetAngle
FindQldRebotDirection
CheckFrontObs
CheckLeftObs
CheckRightObs
CheckEdge
If LimitSwitchLeft = True Then
SpeedOut = -0.01
SteerAngleOut = P/ 10
GoTo lswOn:
End If
If LimitSwitchRight = True Then



IswOn:

SpeedOut = -0.01
SteerAngleQut =-Pl/ 10
GoTo IswOn:
End If
CheckDifferAngle
Fuzzifierinput
Rules
Defuzzifier
CheckRotateRepeat
ChangeRobotAngle
FindNewRobotDirection
RobotMove
CreatRobotLine
LoopCount = LoopCount + 1
If (LoopCount Mod 2) = 0 Then
CreatTrackLine
End If
DistanceSum = DistanceSum + (Abs(SpeedQut) * 10)
TimeLengthMS = TimeLengthMS + 100

End If

TimeLength = TimeLengthMS / 1000

LblTime.Caption = TimeLength
LblDistance.Caption = FormatNumber(DistanceSum, 1)
LbISpeed.Caption = FormatNumber(SpeedOut * 10, 3)

End

If

End Sub
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Public Sub CheckTargetAngle()
DistanceX = Target Left - Robot.Left
DistanceY = Target. Top - Robot.Top

If DistanceX = 0 Then
TargetAngle = Pl / 2

Else

TargetAngle = Abs(Atn(DistanceY / DistanceX))

End

If

If (DistanceX <= 0) And (DistanceY <= 0)) Then
TargetAngle = TargetAngle - PI
TargetDirection = 1 ‘Left Up

Elself ((DistanceX > 0) And (DistanceY <= 0)) Then
TargetAngle = -TargetAngle
TargetDirection = 2 ‘Right UP

Elself ((DistanceX <= 0) And (DistanceY > 0)) Then
TargetAngle = PI - TargetAngle
TargetDirection = 3 "Left Down

Elself ((DistanceX > 0) And (DistanceY > 0)) Then
TargetAngle = TargetAngle
TargetDirection = 4 'Right Down

End

If

End Sub




Public Sub FindOldRobotDirection()
If (-PI <= OldRobotAngle And OldRobotAngle <= -P|/2) Then
RobotDirection = 1 'Left Up
RobotAngle = OldRobotAngle + Pl
Elself (-PI / 2 < OldRobotAngle And OldRobotAngle <= 0) Then
RobotDirection = 2 'Right Up
RobotAngle = -OldRobotAngle
Elself (Pl / 2 < OldRobotAngle And OldRobotAngle <= PI) Then
RobotDirection = 3 ‘Left Down
RobotAngle = Pl - OldRobotAngle
Elself (0 < OldRobotAngle And OldRobotAngle <= Pl /2) Then
RobotDirection = 4 ‘Right Down
RobotAngle = OldRobotAngle
End If
End Sub

Private Sub CheckFrontObs()
Dim X, Y, StartX, StartY
Select Case RobotDirection
Case 1 'left up
RobotStepX = RobotStep * Cos(RobotAngle)
RobotStepY = RobotStep * Sin(RobotAngle)
StartX = (Robot. Left + Robot.Width / 2) - ((Robot.Height / 2) * Cos(RobotAngle))
StartY = (Robot. Top + Robot Height / 2) - ((Robot.Height / 2) * Sin(RobotAngle))
X = StartX
Y = StartY
Do Until (Area.Point(X, Y) = vbBlack)
X = X - RobotStepX
Y =Y - RobotStepY

Loop
X=X - StartX
Y =Y - StartY
Distance_FrontObs =Sgr(X ~2+Y " 2)
Case 2 ‘right up

RobotStepX = RobotStep * Cos(RobotAngle)
RobotStepY = RobotStep * Sin(RobotAngle)
StartX = (Robot. Left + Robot.Width / 2) + ((Robot. Height / 2) * Cos(RobotAngle))
StartY = (Robot. Top -+ Robot.Height / 2) - ((Robot Height / 2) * Sin(RobotAngle))
X = StartX
Y = StartY
Do Until (Area.Point(X, YY) = vbBlack)
X = X + RobotStepX
Y =Y - RobotStepY

Loop
X=X - StartX
Y =Y - StartY
Distance_FrontObs = Sqr(X ~2+Y ~ 2)
Case 3 'left down

RobotStepX = RobotStep * Cos(RobotAngle)
RobotStepY = RobotStep * Sin(RobotAngle)



StartX = (Robot.Left + Robot Widith / 2) - ((Robot Height / 2) * Cos(RobotAngle))
StartY = (Robot. Top + Robot.Height / 2) + ((Robot.Height / 2) * Sin(RobotAngle))
X = StartX
Y = StartY
Do Until (Area.Point(X, Y) = vbBlack)
X = X - RobotStepX
Y =Y + RobotStepY

Loop
X=X - StartX
Y =Y - Starty
Distance_FrontObs = Sgr(X "2+ Y " 2)
Case 4 'right down

RobotStepX = RobotStep * Cos(RobotAngle)
RobotStepY = RobotStep * Sin(RobotAngle)
StartX = (Robot. Left + Robot.Width / 2) + ((Robot.Height / 2) * Cos(RobotAngle))
Starty = (Robot. Top + Robot.Height / 2) + ((Robot Height / 2) * Sin(RobotAngle))
X = StartX
Y = StartY
Do Until (Area.Point(X, Y) = vbBlack)
X = X + RobotStepX
Y =Y + RobotStepY
Loop
X =X - StartX
Y =Y - StartY
Distance_FrontObs = Sgr(X ~ 2+ Y " 2)
End Select
End Sub

Private Sub CheckLeftObs()
Dim X, Y, StartX, Starty
Find OldRobotDirection
Select Case RobotDirection
Case 1 'left up
RobotAngle = (Pl / 2) - RobotAngle
RobotStepX = RobotStep * Cos(RobotAngle)
RobotStepY = RobotStep * Sin(RobotAngle)
StartX = (Robot.Left + Robot.Width / 2) - ((Robot Width / 2) * Cos(RaobotAngle))
StartY = (Robot. Top + Robot.Height / 2) + ((Robot.Width / 2) * Sin(RobotAngle))
X = StartX
Y = StartY
Do Until (Area.Paint(X, Y) = vbBlack)
X = X - RobotStepX
Y =Y + RobotStepY

Loop
X =X- StartX
Y =Y - Starty
Distance_LeftObs =Sqr(X " 2+Y " 2)
Case 2 'right up

RobotAngle = (PI / 2) - RobotAngle
RobotStepX = RobatStep * Cos(RobotAngle)



RobotStepY = RobotStep * Sin(RobotAngle)
StartX = (Robot.Left + Robot.Width / 2) - ((Robot.Width / 2) * Cos(RobotAngle))
StartY = (Robot. Top + Robot.Height / 2) - ((Robot.Width / 2) * Sin(RobotAngle))
X = StartX
Y = StartY
Do Until (Area.Point(X, Y) = vbBlack)
X = X - RobotStepX
Y =Y - RobotStepY

Loop
X =X - StartX
Y =Y - StartY
Distance_LeftObs = Sqr(X ~2+Y " 2)
Case3 left down

RobotAngle = (Pl / 2) - RobotAngle
RobotStepX = RobotStep * Cos(RobotAngle)
RobotStepY = RobotStep * Sin(RobotAngle)
StartX = (Robot.Left + Robot.Width / 2) + ((Robot.Width / 2) * Cos(RobotAngle))
StartY = (Robot. Top + Robot.Height / 2) + ((Robot.Width / 2) * Sin(RobotAngle))
X = StartX
Y = StartY
Do Until (Area.Point(X, YY) = vbBlack)
X =X + RobotStepX
Y =Y + RobotStepY
Loop
X=X - StartX
Y =Y - StartY
Distance_LeftObs = Sqr(X "2+ Y " 2)
Case 4 ‘right down
RobotAngle = (Pl / 2) - RobotAngle
RobotStepX = RobotStep * Cos(RobotAngle)
RobotStepY = RobotStep * Sin(RobotAngle)
StartX = (Robot. Left + Robot.Width / 2) + ((RobotWidth / 2) * Cos(RobotAngle))
StartY = (Robot. Top + Robot.Height / 2) - ((Robot.Width / 2) * Sin(RobotAngle))
X = StartX
Y = StartY
Do Until (Area.Point(X, Y) = vbBlack)
X = X + RobotStepX
Y =Y - RobotStepY
Loop
X =X - StartX
Y =Y - StartY
Distance_LeftObs = Sgr(X ~ 2 +Y ~ 2)
End Select
End Sub

Private Sub CheckRightObs()
Dim X, Y, StartX, StartY
FindOldRobotDirection

Select Case RobotDirection
Case 1 ‘left up



RobotAngle = (P1 / 2) - RobotAngle
RobotStepX = RobotStep * Cos(RobotAngle)
RobotStepY = RobotStep * Sin(RobotAngle)
StartX = (Robot.Left + Robot.Width / 2) + ((Robot.Width / 2) * Cos(RobotAngle))
StartY = (Robot. Top + Robot.Height / 2) - (Robot.Width / 2) * Sin(RobotAngle))
X = StartX
Y = StartY
Do Until (Area.Point(X, YY) = vbBlack)
X =X + RobotStepX
Y =Y - RobotStepY

Loop
X = X - StartX
Y =Y - StartY
Distance_RightObs = Sgr(X ~ 2+ Y " 2)
Case 2 ‘right up

RobotAngle = (Pl / 2) - RobotAngle
RobotStepX = RobotStep * Cos(RobotAngle)
RobotStepY = RobotStep * Sin(RobotAngle)
StartX = (Robot.Left + Robot.Width / 2) + ((Robot Width / 2) * Cos(RobotAngle))
StartY = (Robot. Top + Robot.Height / 2) + ((Robot.Width / 2) * Sin(RobotAngle))
X = StartX
Y = StartY
Do Until (Area.Point(X, Y) = vbBlack)
X =X + RobotStepX
Y =Y + RobotStepY

Loop
X =X-StartX
Y =Y - StartY
Distance_RightObs = Sqr(X " 2+ Y ~ 2)
Case 3 'left down

RobotAngle = (Pl / 2) - RobotAngle
RobotStepX = RobotStep * Cos(RobotAngle)
RobotStepY = RobotStep * Sin(RobotAngle)
StartX = (Robot.Left + Robot.Width / 2) - ((Robot.Width / 2) * Cos(RobotAngle))
StartY = (Robot. Top + Robot.Height / 2) - ((Robot.Width / 2) * Sin(RobotAngle))
X = StartX
Y = StartY
Do Until (Area.Point(X, Y) = vbBlack)
X =X - RobotStepX
Y =Y - RobotStepY

Loop
X =X - StartX
Y =Y - StartY
Distance_RightObs = Sgr(X ~ 2+ Y " 2)
Case 4 'right down

RobotAngle = (Pl / 2) - RobotAngle
RobotStepX = RobotStep * Cos(RebotAngle)

RobotStepY = RobotStep * Sin(RobotAngle)

StartX = (Robot Left + Robot.Width / 2) - ((Robot Width / 2) * Cos(RobotAngle))
StartY = (Robot. Top + Robot.Height / 2) + ((RobotWidth / 2) * Sin(RobotAngle))
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X = StartX
Y = StartY
Do Until (Area.Point(X, Y) = vbBlack)
X = X - RobotStepX
Y =Y + RobotStepY
Loop
X =X - StartX
Y =Y - Starty
Distance_RightObs = Sqr(X ~ 2+ Y " 2)
End Select
End Sub

51

Public Sub CheckEdge()
Dim Zeta, FrontLeftAng, FrontRightAng, LeftAngle, RightAngle
Dim Diag
Dim FrontLeftX, FrontLeftY, FrontRightX, FrontRightY
Diag = Sqr(({0.5 * Robot.Width) " 2) + ((0.5 * Robot.Height) ~ 2))
Zeta = Atn((Robot.Width / 2) / (Robot.Height / 2))
FrontLeftAng = OldRobotAngle - Zeta
FrontRightAng = OldRobotAngle + Zeta
'if It Over Circle or 360 Degree
If FrontLeftAng < -Pl Then
FrontLeftAng = FrontLeftAng + (2 * PI)
End If
If FrontRightAng > Pl Then
FrontRightAng = FrontRightAng - (2 * PI)
End if
If (-Pl <= FrontLeftAng And FrontLeftAng <= -P| / 2) Then
LeftAngle = FrontLeftAng + PI
FrontLeftX = (Robot Left + Robot.Width / 2) - Diag * Cos(LeftAngle)
FrontLeftY = (Robot. Top + Robot.Height / 2) - Diag * Sin(LeftAngle)
Elself (-Pl / 2 < FrontLeftAng And FrontLeftAng <= 0) Then
LeftAngle = -FrontLeftAng
FrontLeftX = (Robot. Left + Robot Width / 2) + Diag * Cos(LeftAngle)
FrontLeftY = (Robot. Top + Robot Height / 2) - Diag * Sin(LeftAngle)
Elself (Pl / 2 < FrontLeftAng And FrontLeftAng <= PI) Then
LeftAngle = PI - FrontLeftAng
FrontLeftX = (Robot Left + Robot Width / 2) - Diag * Cos(LeftAngle)
FrontLeftY = (Robot. Top + Robot Height / 2) + Diag * Sin(LeftAngle)
Elself (0 < FrontLeftAng And FrontLeftAng <= Pi/2) Then
LeftAngle = FrontLeftAng
FroniLeftX = (Robot.Left + Robot.Width / 2) + Diag * Cos(LeftAngle)
FrontLeftY = (Robot. Top + RobotHeight / 2) + Diag * Sin(LeftAngle)
End If
If (-P! <= FrontRightAng And FrontRightAng <= -PI / 2) Then
RightAngle = FrontRightAng + PI
FrontRightX = (Robot. Left + RobotWidth / 2) - Diag * Cos{RightAngle)
FrontRightY = (Robot.Top + Robot.Height / 2) - Diag * Sin(RightAngle)
Elself (-Pl /2 < FrontRightAng And FrontRightAng <= 0) Then
RightAngle = -FrontRightAng



FrontRightX = (Robot Left + Robot Width / 2) + Diag * Cos(RightAngle)
FrontRightY = (Robot. Top + Robot.Height / 2) - Diag * Sin(RightAngle)
Elself (Pl /2 < FrontRightAng And FrontRightAng <= PI) Then
RightAngle = PI - FrontRightAng
FrontRightX = (Robot.Left + Robat.Width / 2) - Diag * Cos(RightAngle)
FrontRightY = (Robot. Top + Robot.Height/ 2) + Diag * Sin(RightAngle)
Elself (0 < FrontRightAng And FrontRightAng <= Pl /2) Then
RightAngle = FrontRightAng
FrontRightX = (Robot. Left + RobotWidth / 2) + Diag * Cos(RightAngle)
FrontRightY = (Robot. Top + Robot.Height / 2) + Diag * Sin(RightAngle)
End If
If Area.Point(FrontLeftX, FrontLeftY) = vbBlack Then
LimitSwitchLeft = True
Else
LimitSwitchLeft = False
End If
If Area.Point(FrontRightX, FrontRightY) = vbBlack Then
LimitSwitchRight = True

Else
LimitSwitchRight = False
End If
End Sub
Private Sub CheckDifferAngle()
‘Find Difference Between Target Angle and Robot Angle
Select Case TargetDirection
Case 1 ‘left up
Select Case RobotDirection
Case 1 'left up
If Abs(TargetAngle) > Abs(OldRobotAngle) Then 'DifferAngle Negative Target Locate Left of Robot
DifferAngle = -Abs(Abs(TargetAngle) - Abs(OldRobotAngle))
Else 'DifferAngle Positive
DifferAngle = Abs(Abs(TargetAngle) - Abs(OldRobotAngle))
End If
Case 2 ‘right up
DifferAngle = -Abs(Abs(TargetAngle) - Abs(QldRobotAngle))
Case 3 'left down
DifferAngle = (2 * Pl) - (Abs(TargetAngle) + Abs(OldRobotAngle))
Case 4 ‘right down
If Abs(TargetAngle) + Abs(OldRobotAngle) < Pl Then
DifferAngle = ~(Abs(TargetAngle) + Abs(OldRobotAngle)) 'Target Locate Left Behind of Robot
Else
DifferAngle = (2 * P) - (Abs(TargetAngle) + Abs(OldRobotAngle)) ‘Target Locate Right Behind of Robot
End if
End Select
Case 2 'right up
Select Case RobotDirection
Case 1 'left up
DifferAngle = Abs(Abs(OldRobotAngle) - Abs(TargetAngle)) ‘Target Right Of Robot

Case 2 'right up



If Abs(TargetAngle) > Abs(OldRobotAngle) Then
DifferAngle = -Abs(Abs(TargetAngle) - Abs(OldRobotAngle))

Else
DifferAngle = Abs(Abs(TargetAngle) - Abs(OldRobotAngle))
End If
Case 3 'left down

If Abs(TargetAngle) + Abs(OldRobotAngle) < Pl Then
DifferAngle = -(Abs(TargetAngle) + Abs(OldRobotAngle))

53

'DifferAngle Negative Target Locate Left of Robot

'DifferAngle Positive

'Target Locate Left Behind of Robot
‘DifferAngle Negative
'Target Locate Right Behind of Robot

'Target Locate Right Behind of Robot

'Target Locate Left Behind of Robot

‘DifferAngle Positive Target Locate Right of Robot

‘Target Locate Right Behind of Robot

‘Target Locate Left Behind of Robot

Else
DifferAngle = (2 * P1) - (Abs(TargetAngle) + Abs(OldRobotAngle)) ‘DifferAngle Positive
End If
Case 4 'right down
DifferAngle = -(Abs(TargetAngle) + Abs(QldRobotAngle))
End Select
Case 3 ‘left down
Select Case RobotDirection
Case 1 ‘left up
DifferAngle = ~((2 * PI) - (Abs(TargetAngle) + Abs(OldRobotAngle))) 'DifferAngle Negative
Case 2 ‘right up
If Abs(TargetAngle) + Abs(QldRobotAngle) < PI Then
DifferAngle = Abs(TargetAngle) + Abs(OldRobotAngle)
Else
DifferAngle = (2 * PI) - (Abs(TargetAngle) + Abs(QldRobotAngle)))
End If
Case 3 'left down
If Abs(TargetAngle) > Abs(OldRobotAngle) Then
DifferAngle = Abs(Abs(TargetAngle) - Abs(OldRobotAngle))
Else 'DifferAngle Negative
DifferAngle = -Abs(Abs(OidRobotAngle) - Abs(TargetAngle))
End If
Case 4 'right down
DifferAngle = Abs(Abs(TargetAngle) - Abs(OldRobotAngle))
End Select
Case 4 'right down
Select Case RobotDirection
Case 1 ‘left up
If Abs(TargetAngle) + Abs(OldRobotAngle) < Pl Then
DifferAngle = Abs(TargetAngle) + Abs(OldRobotAngle)
Else
DifferAngle = -Abs((2 * PI) - (Abs(TargetAngle) + Abs(OldRobatAngle)))
End If
Case 2 'right up
DifferAngle = Abs(TargetAngle) + Abs(OldRobotAngle)
Case 3 'left down
DifferAngle = -Abs(Abs(TargetAngle) - Abs(OldRobotAngle))
Case 4 'right down

If Abs(TargetAngle) > Abs(OldRobotAngle) Then
DifferAngle = Abs(Abs(TargetAngle) - Abs(OldRobotAngle))
Else

DifferAngle = -Abs(Abs(OldRobotAngle) - Abs(TargetAngle))

'DifferAngle Positive Target Locate Right of Robaot

'DifferAngle Negative



End If
End Select
End Select
End Sub

Private Sub Fuzzifierinput()

Dim Obs_Near, Obs_Medium, Obs_Far

Obs_Near = 1

Obs_Medium =2 * Obs_Near

Obs_Far = 3 * Obs_Near

‘Fuzzification Input Of Fuzzy

'Fuzzify Distance of Front Obstacle

'Near Term

If (Distance_FrontObs < Obs_Near) Then
NF =1

Elself (Obs_Near <= Distance_FrontObs And Distance_FrontObs <= Obs_Far) Then
NF = (Obs_Far - Distance_FrontObs) / Obs_Medium

Else
NF =0

End If

‘Far Term

If (Obs_Far < Distance_FrontObs) Then
FF=1

Elself (Obs_Near <= Distance_FrontObs And Distance_FrontObs <= Obs_Far) Then
FF = (Distance_FrontObs - Obs_Near) / Obs_Medium

Else
FF=0

End If

'Fuzzify Distance of Left Obstacle

‘Near Term

If (Distance_LeftObs <= Obs_Near) Then
NL=1

Elself (Obs_Near <= Distance_LeftObs And Distance_LeftObs <= Obs_Far) Then
NL = (Obs_Far - Distance_LeftObs) / Obs_Medium

Else
NL=0

End If

'Far Term

If (Obs_Far <= Distance_LeftObs) Then
FL=1

Elseif (Obs_Near <= Distance_LeftObs And Distance_LeftObs <= Obs_Far) Then
FL = (Distance_LeftObs - Obs_Near) / Obs_Medium

Else
FL=0

End If

'Fuzzify Distance of Right Obstacle

‘Near Term

if (Distance_RightObs <= Obs_Near) Then
NR =1

Elself (Obs_Near <= Distance_RightObs And Distance_RightObs <= Qbs_Far) Then



NR = (Obs_Far - Distance_RightObs) / Obs_Medium

Else
NR=0

End If

'Far Term

If (Obs_Far <= Distance_RightObs) Then
FR=1

Elself (Obs_Near <= Distance_RightObs And Distance_RightObs <= Obs_Far) Then
FR = (Distance_RightObs - Obs_Near) / Obs_Medium

Else
FR=0

End If

'Fuzzification Target Orientation

If (DifferAngle <= ((-3 * PI)/ 4)) Then
B_L=1

Elself (-3 * Pl) / 4) < DifferAngle And DifferAngle <= (-Pl/ 2)) Then
B_L = ((-Pi/ 2) - DifferAngle) / (Pl / 4)

Else
BL=0

End If

If(((-3 * Pl)/ 4) < DifferAngle And DifferAngle <= (-PI/ 2)) Then
L_L = (DifferAngle + ((3* PI) / 4)) / (PI/ 4)

Elself ((-PI / 2) < DifferAngle And DifferAngle <= (-Pl/ 4)) Then
L_L = ((-PI / 4) - DifferAngle) / (P! / 4)

Else
LL=0

End If

If (-P1/ 2) < DifferAngle And DifferAngle <= (-Pl / 4)) Then
F_L = (DifferAngle + (PI/2)) / (PI / 4)

Elself ((-PI / 4) < DifferAngle And DifferAngle <= 0) Then
F_L = (-DifferAngle) / (P / 4)

Else
F_L=0

End If

If ((-P1 / 18) < DifferAngle And DifferAngle <= 0) Then
Z_Z = (DifferAngle + (P1 /18)) / (Pl / 18)

Elself (0 < DifferAngle And DifferAngle < (Pl / 18)) Then
Z_Z = ((Pl/ 18) - DifferAngle) / (Pl / 18)

Else
ZZ=0

End If

If (0 < DifferAngle And DifferAngle <= (P! / 4)) Then
F_R = DifferAngle / (PI / 4)

Elself ((P1 / 4) < DifferAngle And DifferAngle <= (Pl / 2)) Then
F_R = ((Pl/ 2) - DifferAngle) / (Pl / 4)

Else
F_R=0

End If

If ((PI / 4) < DifferAngle And DifferAngle <= (Pl / 2)) Then
R_R = (DifferAngle - (Pl / 4)) / (P| / 4)
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Elself ((PI / 2) < DifferAngle And DifferAngle < (3 * PI / 4)) Then
R_R = ((3* Pl/ 4) - DifferAngle) / (Pl / 4)

Else
R.R=0

End If

If ((3 * Pl / 4) <= DifferAngle) Then
BR=1

Elself (Pl / 2) < DifferAngle And DifferAngle < (3 * Pl / 4)) Then
B_R = (DifferAngle - (P / 2)) / (PI / 4)

Else
BR=0

End If

End Sub

Private Sub Rules()
Rule(1) = Min{(NF, NL, NR, B_L)
Rule(2) = Min(NF, NL, NR, L_L)
Rule(3) = Min(NF, NL, NR, F_L)
Rule(4) = Min(NF, NL, NR, Z_Z)
Rule(5) = Min(NF, NL, NR, F_R)
Rule(6) = Min{NF, NL, NR, R_R)
Rule(7) = Min(NF, NL, NR, B_R)
Rule(8) = Min(NF, NL, FR, B_L)
Rule(9) = Min(NF, NL, FR, L_L)
Rule(10) = Min(NF, NL, FR, F_L)
Rule(11) = Min(NF, NL, FR, Z_Z)
Rule(12) = Min{NF, NL, FR, F_R)
Rule(13) = Min(NF, NL, FR, R_R)
Rule(14) = Min(NF, NL, FR, B_R)
Rule(15) = Min(NF, FL, NR, B_L)
Rule(16) = Min(NF, FL, NR, L_L)
Rule(17) = Min(NF, FL, NR, F_L)
Rule(18) = Min(NF, FL, NR, Z_2)
Rule(19) = Min(NF, FL, NR, F_R)
Rule(20) = Min(NF, FL, NR, R_R)
Rule(21) = Min(NF, FL, NR, B_R)
Rule(22) = Min(NF, FL, FR, B_L)
Rule(23) = Min(NF, FL, FR, L_L)
Rule(24) = Min(NF, FL, FR, F_L)
Rule(25) = Min(NF, FL, FR, Z_Z)
Rule(26) = Min(NF, FL, FR, F_R)
Rule(27) = Min(NF, FL, FR, R_R)
Rule(28) = Min(NF, FL, FR, B_R)
Rule(29) = Min(FF, NL, NR, B_L)
Rule(30) = Min(FF, NL, NR, L_L)
Rule(31) = Min(FF, NL, NR, F_L)
Rule(32) = Min(FF, NL, NR, Z_Z)
Rule(33) = Min(FF, NL, NR, F_R)
Rule(34) = Min(FF, NL, NR, R_R)
Rule(35) = Min(FF, NL, NR, B_R)



Rule(36) = Min(FF, NL, FR, B_L)
Rule(37) = Min(FF, NL, FR, L_L)
Rule(38) = Min(FF, NL, FR, F_L)
Rule(39) = Min(FF, NL, FR, Z_Z)
Rule(40) = Min(FF, NL, FR, F_R)
Rule(41) = Min(FF, NL, FR, R_R)
Rule(42) = Min(FF, NL, FR, B_R)
Rule(43) = Min(FF, FL, NR, B_L)
Rule(44) = Min(FF, FL. NR, L_L)
Rule(45) = Min(FF, FL, NR, F_L)
Rule(46) = Min(FF, FL, NR, Z_2Z)
Rule(47) = Min(FF, FL, NR, F_R)
Rule(48) = Min(FF, FL, NR, R_R)
Rule(49) = Min(FF, FL, NR, B_R)
Rule(50) = Min(FF, FL, FR, B_L)
Rule(51) = Min(FF, FL, FR, L_L)
Rule(52) = Min(FF, FL, FR, F_L)
Rule(53) = Min(FF, FL, FR, Z.2)
Rule(54) = Min(FF, FL, FR, F_R)
Rule(55) = Min(FF, FL, FR, R_R)
Rule(56) = Min(FF, FL, FR, B_R)
'Find MAX of Negative Big
ReDim nb(5)

nb(1) = Rule(1)

nb(2) = Rule(2)

nb(3) = Rule(3)

nb(4) = Rule(15)

nb(5) = Rule(22)

MaxNB = Max(nb())

"Find MAX of Negative Medium
ReDim nm(4)

nm(1) = Rule(4)

nm(2) = Rule(16)

nm(3) = Rule(23)

nm(4) = Rule(26)

MaxNM = Max(nm())

'Find MAX of Negative Small
ReDim ns(14)

ns(1) = Rule(17)

ns(2) = Rule(18)

ns(3) = Rule(19)

ns(4) = Rule(20)

ns(5) = Rule(21)

ns(6) = Rule(36)

ns(7) = Rule(37)

ns(8) = Rule(38)

ns(9) = Rule(42)

ns(10) = Rule(44)

ns(11) = Rule(45)

ns(12) = Rule(50)
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ns(13) = Rule(51)
ns(14) = Rule(52)
MaxNS = Max(ns())
'Find MAX of Zero
ReDim zz(11)

zz(1) = Rule(29)
2z(2) = Rule(30)
22(3) = Rule(31)
z2(4) = Rule(32)
zz(5) = Rule(33)
22(6) = Rule(34)
22(T) = Rule(35)
2z(8) = Rule(39)
22(9) = Rule(46)
22(10) = Rule(53)
zz(11) = Rule(25)
MaxZZ = Max(zz())
‘Find MAX of Positive Small
ReDim ps(14)

ps(1) = Rule(8)
ps(2) = Rule(9)
ps(3) = Rule(10)
ps(4) = Rule(11)
ps(5) = Rule(12)
ps(6) = Rule(40)
ps(7) = Rule(41)
Ps(8) = Rule(43)
ps(9) = Rule(47)
ps(10) = Rule(48)
ps(11) = Rule(48)
ps(12) = Rule(54)
ps(13) = Rule(55)
ps(14) = Rule(56)
MaxP8 = Max(ps())
'Find MAX of Positive Medium
ReDim pm(3)
pm(1) = Rule(13)
pm(2) = Rule(27)
pm(3) = Rule(24)
MaxPM = Max(pm())
‘Find MAX of Positive Big
ReDim pb(5)

pb(1) = Rule(5)
pPb(2) = Rule(6)
pb(3) = Rule(7)
pb{4) = Rule(14)
Pb(5) = Rule(28)
MaxPB = Max(pb())
'Find MAX of Slow
ReDim s(10)
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s(1) = Rule(1)
$(2) = Rule(2)
s(3) = Rule(3)
s(4) = Rule(4)
s(5) = Rule(5)
s(6) = Rule(8)
s(7) = Rule(7)
s(8) = Rule(24)
(9) = Rule(25)
s(10) = Rule(26)
Max$§ = Max(s())
‘Find MAX of Medium
ReDim m(16)
m(1) = Rule(8)
m(2) = Rule(8)
m(3) = Rule(10)
m(4) = Rule(11)
m(5) = Rule(18)
m(6) = Rule(19)
m(7) = Rule(20)
m(8) = Rule(21)
m(9) = Rule(23)
m(10) = Rule(27)
m({11) = Rule(29)
m(12) = Rule(30)
m(13) = Rule(31)
m(14) = Rule(33)
m(15) = Rule(34)
m(16) = Rule(35)
MaxM = Max(m())
'Find MAX of Fast
ReDim (30)

(1) = Rule(12)
1(2) = Rule(13)
(3) = Rule(14)
f(4) = Rule(15)
(5) = Rule(16)
f(6) = Rule(17)
f(7) = Rule(22)
f(8) = Rule(28)
f(9) = Rule(32)
(10) = Rule(36)
(1) = Rule(37)
f(12) = Rule(38)
f(13) = Rule(39)
f(14) = Rule(40)
(15) = Rule(41)
f(16) = Rule(42)
f(17) = Rule(43)
f(18) = Rule(44)
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f(19) = Rule(45)
f(20) = Rule(46)
f(21) = Rule(47)
f(22) = Rule(48)
f(23) = Rule(49)
f(24) = Rule(50)
f(25) = Rule(51)
f(26) = Rule(52)
f(27) = Rule(53)
f(28) = Rule(54)
f(29) = Rule(55)
f(30) = Rule(56)
MaxF = Max(f())
End Sub

Private Function Max(MaxTerm())

Dim Temp

Dim SizeMax

SizeMax = UBound(MaxTerm)

maximum =0

Dim Count

For Count = 1 To SizeMax
If MaxTerm(Count) > maximum Then

maximum = MaxTerm(Count)

End If

Next

Max = maximum

End Function

Private Function Min(Fnt, Lft, Rgt, Ang)

Dim Minimum

Minimum =1

If (Minimum >= Fnt) Then
Minimum = Fnt

End If

If (Minimum > Lft) Then
Minimum = Lft

End If

If (Minimum > Rgt) Then
Minimum = Rgt

End If

If (Minimum > Ang) Then
Minimum = Ang

End If

Min = Minimum

End Function

Private Sub Defuzzifier()
DefuzzifierOutt
DefuzzifierQut2



End Sub
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Private Sub DefuzzifierOut1()
Fraction = 0
Denominator = o
For SteerAngle = -15 To 15 Step 0.1
FuzzifierOut1
MinOperationQut1
MaxOperationOut1
Fraction = Fraction + (SteerAngle * MemberSteer)
Denominator = Denominator + MemberSteer
Next
If Denominator = 0 Then
SteerAngleQut =0
Else
SteerAngleDegree = Fraction / Denominator
SteerAngleOut = (SteerAngleDegree * Pl) / 180
End if
End Sub

'Tranformation Degree to Radius

Private Sub FuzzifierOut1()

‘Fuzzification Robot Steer Angle

'Negative Big Term

If (-15 <= SteerAngle And SteerAngle <= -10) Then
NegB = (-10 - SteerAngle) / 5

Else
NegB =0

End If

'Negative Medium Term

If (-15 <= SteerAngle And SteerAngle <= -10) Then
NegM = (SteerAngle + 15)/ §

Elself (-10 <= SteerAngle And SteerAngle <= -5) Then

NegM = (-6 - SteerAngle) / 5

Else
NegM =0

End If

'Negative Small Term

If (-10 <= SteerAngle And SteerAngle <= -5) Then
Neg$ = (SteerAngle + 10) /5

Elself (-5 <= SteerAngle And SteerAngle <= 0) Then
Neg$S = (-SteerAngle) / 5

Else
NegS =0

End If

Zero Term

If (-6 < SteerAngle And SteerAngle <= 0) Then
Zero = (SteerAngle + 5) /5

Elself (0 < SteerAngle And SteerAngle < 5) Then
Zero = (5 - SteerAngle) / 5

Else



Zero =0

End If

'Positive Small Term

If (0 <= SteerAngle And SteerAngle <= 5) Then
PosS = SteerAngle / 5

Elself (5 <= SteerAngle And SteerAngle <= 10) Then
PosS = (10 - SteerAngle) / 5

Else
Pos8 =0

End If

'Positive Medium Term

If (6 <= SteerAngle And SteerAngle <= 10) Then
PosM = (SteerAngle - 5) /5

Elself (10 <= SteerAngle And SteerAngle <= 15) Then
PosM = (15 - SteerAngle) / 5

End If

'Positive Big Term

If (10 <= SteerAngle And SteerAngle <= 15) Then
PosB = (SteerAngle - 10) /5

Else
PosB =0

End If

End Sub

Private Sub MinOperationOut1()

If NegB > MaxNB Then
NegB = MaxNB

End If

If NegM > MaxNM Then
NegM = MaxNM

End If

If NegS > MaxN$S Then
Neg$ = MaxNS

End If

If Zero > MaxZZ Then
Zero = MaxZZ

End If

If PosS > MaxPS Then
PosS = MaxPS

End If

If PosM > MaxPM Then
PosM = MaxPM

End If

If PosB > MaxPB Then
PosB = MaxPB8

End If

End Sub




Private Sub MaxOperationOut1()
If (-15 <= SteerAngle And SteerAngle <= -10) Then
If NegB > NegM Then
MemberSteer = NegB
Elself NegB <= NegM Then
MemberSteer = NegM
End If
End If
If (10 <= SteerAngle And SteerAngle <= -5) Then
If NegM > Neg$8 Then
MemberSteer = NegM
Elself NegM <= Neg$ Then
MemberSteer = NegS
End If
End If
If (-6 <= SteerAngle And SteerAngle <= 0) Then
If NegS > Zero Then
MemberSteer = NegS
Elself NegS <= Zero Then
MemberSteer = Zero
End If
End If
If (0 <= SteerAngle And SteerAngle <= 5) Then
If Zero > PosS Then
MemberSteer = Zero
Elself Zero <= PosS Then
MemberSteer = PosS
End If
End If
If (5 <= SteerAngle And SteerAngle <= 10) Then
If PosS > PosM Then
MemberSteer = PosS
Elself PosS <= PosM Then
MemberSteer = PosM
End If
End If
If (10 <= SteerAngle And SteerAngle <= 15) Then
If PosM > PosB Then
MemberSteer = PosM
Elself PasM <= PosB Then
MemberSteer = PosB
End If
End If
End Sub
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Private Sub DefuzzifierOut2()
Fraction =0
Dencminator = 0
For RobotSpeed = 0 To 0.05 Step 0.001
FuzzifierOut2



MinOperationOut2
MaxOperationOut2
Fraction = Fraction + (RobotSpeed * MemberSpeed)
Denominator = Denominator + MemberSpeed
Next
If Denominator = 0 Then
SpeedOut = 0.05
Else
SpeedOut = Fraction / Denominator
End If
End Sub
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Private Sub FuzzifierOut2()

'Fuzzification Robot Speed

'Slow Term

If (RobotSpeed <= 0) Then
Slow =1

Elself (0 < RobotSpeed And RobotSpeed <= 0.025) Then
Slow = 1 - (RobotSpeed / 0.025)

Else
Slow=0

End If

'Medium Term

If (0.02 < RobotSpeed And RobotSpeed <= 0.025) Then
Medium = (RobotSpeed / 0.005) - 4

Elself (0.025 < RobotSpeed And RobotSpeed <= 0,003) Then

Medium = 6 - (RobotSpeed / 0.005)
Else
Medium =0
End If
'Fast Term
If (RobotSpeed >= 0.05) Then
Fast=1

Elself (0.025 < RobotSpeed And RobotSpeed <= 0.05) Then

Fast = (RobotSpeed / 0.025) - 1
Else
Fast=0
End If
End Sub

Private Sub MinOperationOut2()

If Slow > MaxS Then
Slow = MaxS

End If

If Medium > MaxM Then
Medium = MaxM

End If

If Fast > MaxF Then
Fast = MaxF

End If



End Sub
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Private Sub MaxQOperationOut2()
If (RobotSpeed >= 0 And RobotSpeed < 0.02) Then
MemberSpeed = Slow
End If
If (RobotSpeed >= 0.02 And RobotSpeed < 0.025) Then
If Slow > Medium Then
MemberSpeed = Slow
Elself Slow <= Medium Then
MemberSpeed = Medium
End If
End If
If (Robot >=0.026 And RobotSpeed < 0.03) Then
If Medium > Fast Then
MemberSpeed = Medium
Elself Medium <= Fast Then
MemberSpeed = Fast
End I
End If
If (RobotSpeed >= 0.03 And RobotSpeed <= 0.05) Then
MemberSpeed = Fast
End If
End Sub

Private Sub ChangeRobotAngle()
RobotRotateAngle = SteerAngleQut
RobotStep = SpeedQut
If (-Pl <= OldRobotAngle And OldRobotAngle <= -PI / 2) Then
If RobotRotateAngle <0 Then 'Rotate Left
NewRobotAngle = OldRobotAngle + RobotRotateAngle
Else 'Rotate Right
NewRobotAngle = OldRobotAngle + RobotRotateAngle
End If
Elself (-PI / 2 < OldRobotAngle And OldRobotAngle <= 0) Then
If RobotRotateAngle <0 Then 'Rotate Left
NewRobotAngle = OldRobotAngle + RobotRotateAngle
Else 'Rotate Right
NewRobotAngle = OidRobotAngle + RobotRotateAngle
End If
Elself (P / 2 < OldRobotAngle And OldRobotAngle <= Pl) Then
If RobotRotateAngle < 0 Then ‘Rotate Left
NewRobotAngle = OldRobotAngle + RobotRotateAngle
Else 'Rotate Right
NewRobotAngle = OldRobotAngle + RobotRotateAngle
End If
Elself (0 < OldRobotAngle And OldRobotAngle <= PI / 2) Then
If RobotRotateAngle < 0 Then 'Rotate Left
NewRobotAngle = OldRobotAngle + RobotRotateAngle
Else 'Rotate Right

‘left up

‘right up

'left down

'right down



NewRobotAngle = OldRobotAngle + RobotRotateAngle
End If
End If
'if It Over Circle or 360 Degree
If NewRobotAngle < -Pl Then
NewRobotAngle = NewRobotAngle + (2 * PI)
End If
If NewRobotAngle > Pl Then
NewRobotAngle = NewRobotAngle - (2 * PI)
End If
OldRobotAngle = NewRobotAngle
End Sub
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Public Sub FindNewRobotDirection()
If (-P1 <= NewRobotAngle And NewRobotAngle <= -Pl / 2) Then
RobotDirection = 1 'Left Up
RobotAngle = NewRobotAngle + Pl
Elself (-Pl / 2 < NewRobotAngle And NewRobotAngle <= 0) Then
RobotDirection = 2 ‘Right UP
RobotAngle = -NewRobotAngle
Elself (PI / 2 < NewRobotAngle And NewRobotAngle <= PI) Then
RobotDirection = 3 ‘Left Down
RobatAngle = Pl - NewRobotAngle
Elself (0 < NewRobotAngle And NewRobotAngle <= Pl /2) Then
RobotDirection = 4 'Right Down
RobotAngle = NewRobotAngle
End If
End Sub

Public Sub RobotMove()
RobotStepX = RobotStep * Cos(RobotAngle)
RobotStepY = RobotStep * Sin(RobotAngle)
Select Case RobotDirection
Case 1
' Move the robot left up
Robot.Move Robot.Left - RobotStepX, Robot. Top - RobotStepY
Case2
' Move the robot right up
Robot. Move Robot.Left + RobotStepX, Robot. Top - RobotStepY
Case 3
‘ Move the robot left down
Robot.Move Robot.Left - RobotStepX, Robot. Top + RobotStepY
Case 4
' Move the robot right down
Robot.Move Robot Left + RobotStepX, Robot. Top + RobotStepY
End Select
End Sub

Public Sub CreatRobotLine()
Dim Zeta, FrontLeftAng, FrontRightAng, Ang



Dim LineWidth
Dim FrontLeftX, FrontLeftY, FrontRightX, FrontRightY
Dim BehindLeftX, BehindLeftY, BehindRightX, BehindRightY
LineWidith = Sqr(((0.5 * RobotWidth) * 2) + ((0.5 * Robot.Height) ~ 2))
Zeta = Atn((Robot.Width / 2) / (Robot.Height / 2))
FrontLeftAng = OldRobotAngle - Zeta
FrontRightAng = OldRobotAngle + Zeta
"if It Over Circle or 360 Degree
If FrontLeftAng < -PI Then
FrontLeftAng = FrontLeftAng + (2 * PI)
End If
If FrontRightAng > Pi Then
FrontRightAng = FrontRightAng - (2 * Pl)
End If
If (P <= FrontLeftAng And FrontLeftAng <= -PI / 2) Then
Ang = FrontLeftAng + Pt
FrontLeftX = (Robot.Left + Robot.Width / 2) - LineWidth * Cos(Ang)
FrontLeftY = (Robot. Top + Robot.Height / 2) - LineWidth * Sin(Ang)
BehindRightX = (Robot.Left + Robot.Width / 2) + LineWidth * Cos(Ang)
BehindRightY = (Robot. Top + Robot.Height / 2) + LineWidth * Sin(Ang)
Elself (-Pl / 2 < FrontLeftAng And FrontLeftAng <= 0) Then
Ang = -FrontLeftAng
FrontLeftX = (Robot Left + Robot.Width / 2) + LineWidth * Cos(Ang)
FrontLeftY = (Robot.Top + RobotHeight/ 2) - LineWidth * Sin{Ang)
BehindRightX = (Robot. Left + RobotWidth / 2) - LineWidth * Cos(Ang)
BehindRightY = (Robot. Top + Robot.Height / 2) + LineWidth * Sin(Ang)
Elself (P1/ 2 < FrontLeftAng And FrontLeftAng <= PI) Then
Ang =PI - FrontLeftAng
FrontLeftX = (Robot. Left + Robot Width / 2) - LineWidth * Cos(Ang)
FrontlLeftY = (Robot. Top + RobotHeight/ 2) + LineWidth * Sin(Ang)
BehindRightX = (Robot.Left + RobotWidth / 2) + LineWidth * Cos(Ang)
BehindRightY = (Robot. Top + Robot.Height / 2) - LineWidth * Sin(Ang)
Elself (0 < FrontLeftAng And FrontLeftAng <= Pl / 2) Then
Ang = FrontLeftAng
FrontLeftX = (Robot Left + Robot.Width / 2) + LineWidth * Cos(Ang)
FrontLeftY = (Robot. Top + Robot.Height/ 2) + LineWidth * Sin(Ang)
BehindRightX = (Robot Left + RobotWidth / 2) - LineWidth * Cos(Ang)
BehindRightY = (Robot. Top + RobotHeight / 2) - LineWidth * Sin(Ang)
End If
If (-Pl <= FrontRightAng And FrontRightAng <= -Pl / 2) Then
Ang = FrontRightAng + Pl
FrontRightX = (Robot.Left + Robot.Width / 2) - LineWidth * Cos(Ang)
FrontRightY = (Robot. Top + Robot.Height / 2) - LineWidth * Sin(Ang)
BehindLeftX = (Robot.Left + Robot.Width / 2) + LineWidth * Cos(Ang)
BehindLeftY = (Robot Top + Robot.Height / 2) + LineWidth * Sin(Ang)
Elself (-Pl / 2 < FrontRightAng And FrontRightAng <= 0) Then
Ang = -FrontRightAng
FrontRightX = (Robot Left + Robot Width / 2) + LineWidth * Cos(Ang)
FrontRightY = (Robot. Top + Robot.Height / 2) - LineWidth * Sin(Ang)
BehindLeftX = (Robot Left + RobotWidth / 2) - LineWidth * Cos(Ang)



BehindLeftY = (Robot Top + Robot.Height / 2) + LineWidth * Sin(Ang)
Elself (Pl / 2 < FrontRightAng And FrontRightAng <= PI) Then
Ang = Pl - FrontRightAng
FrontRightX = (Robot.Left + Robot.Width / 2) - LineWidth * Cos(Ang)
FrontRightY = (Robot. Top + RobotHeight/ 2) + LineWidth * Sin(Ang)
BehindLeftX = (Robot Left + Robot Width / 2) + LineWidth * Cos(Ang)
BehindLeftY = (Robot.Top + Robot.Height / 2) - LineWidth * Sin(Ang)
Elself (0 < FrontRightAng And FrontRightAng <= PI /2) Then
Ang = FrontRightAng
FrontRightX = (Robot.Left + Robot Width / 2) + LineWidth * Cos(Ang)
FrontRightY = (Robot. Top + Robot.Height / 2) + LineWidth * Sin(Ang)
BehindLeftX = (Robot.Left + RobotWidth / 2) - LineWidth * Cos(Ang)
BehindLeftY = (Robot.Top + Robot.Height / 2) - LineWidth * Sin(Ang)
End If
Dim FrontRobot, LeftRobet, RightRobot, BehindRobot As Line
Set FrontRobot = FrontLine
FrontRobot. X1 = FrontLeftX
FrontRobot. X2 = FrontRightX
FrontRobot.Y1 = FrontLeftY
FrontRobot. Y2 = FrontRightY
FrontRobot. BorderColor = vbGreen
FrontRobot.BorderStyle = 6
FrontRobot.BorderWidth = 10
Set LeftRobot = LeftLine
LeftRobot X1 = BehindLeftX
LeftRobot. X2 = FrontLeftX
LeftRobot Y1 = BehindLeftY
LeftRobot.Y2 = FrontLeftY
LeftRobot BorderColor = vbBlue
LeftRobot.BorderStyle = 6
LeftRobot. BorderWidth = 5
Set RightRobot = RightLine
RightRobot.X1 = FrontRightX
RightRobot.X2 = BehindRightX
RightRobot.Y1 = FrontRightY
RightRobot Y2 = BehindRightY
RightRobot.BorderColor = vbBlue
RightRobot. BorderStyle = 6
RightRobot.BorderWidth = 5
Set BehindRobot = BehindLine
BehindRobot.X1 = BehindRightX
BehindRobot X2 = BehindleftX
BehindRobot.Y1 = BehindRightY
BehindRobot.Y2 = BehindLeftY
BehindRobot.BorderColor = vbBlue
BehindRobot.BorderStyle = 6
BehindRobot BorderWidth = 5
End Sub

Public Sub CreatTrackLine()



Dim Zeta, FrontLeftAng, FrontRightAng, Ang
Dim LineWidth
Dim FrontLeftX, FrontLeftY, FrontRightX, FrontRightY
Dim BehindLeftX, BehindLeftY, BehindRightX, BehindRightY
LineWidth = 0.3 * Sqr(((0.5 * Robot Width) ~ 2) + ((0.5 * Robot. Height) ~ 2))
Zeta = Atn{(Robot.Width / 2) / (Robot Height / 2))
FrontLeftAng = OldRobotAngle - Zeta
FrontRightAng = OldRobotAngle + Zeta
" if It Over Circle or 360 Degree
If FrontLeftAng < -PI Then
FrontLeftAng = FrontLeftAng + (2 * Pl)
End If
If FrontRightAng > Pl Then
FrontRightAng = FrontRightAng - (2 * P1)
End If
If (-Pt <= FrontLeftAng And FrontLeftAng <= -P|/ 2) Then
Ang = FrontLeftAng + PI
FrontLeftX = (Robot. Left + Robot.Width / 2) - LineWidth * Cos(Ang)
FrontLeftY = (Robot. Top + Robot.Height / 2) - LineWidth * Sin(Ang)
BehindRightX = (Robot.Left + RobotWidith / 2) + LineWidth * Cos(Ang)
BehindRightY = (Robot. Top + Robot.Height / 2) + LineWidth * Sin(Ang)
Elself (-P| / 2 < FrontLeftAng And FrontLeftAng <= 0) Then
Ang = -FrontLeftAng
FrontLeftX = (Robot.Left + Robot.Width / 2) + LineWidth * Cos(Ang)
FrontLeftY = (Robot. Top + Robot Height / 2) - LineWidth * Sin(Ang)
BehindRightX = (Robot. Left + RobotWidth / 2) - LineWidth * Cos(Ang)
BehindRightY = (Robot. Top + Robot.Height / 2) + LineWidth * Sin(Ang)
Elself (Pl / 2 < FrontLeftAng And FrontLeftAng <= Pi) Then
Ang = PI - FrontLeftAng
FrontLeftX = (Robot.Left + Robot.Width / 2) - LineWidth * Cos(Ang)
FrontLeftY = (Robot. Top + Robot. Height / 2) + LineWidth * Sin(Ang)
BehindRightX = (Robot.Left + Robot.Width / 2) + LineWidth * Cos(Ang)
BehindRightY = (Robot.Top + Robot.Height / 2) - LineWidth * Sin(Ang)
Elself (0 < FrontLeftAng And FrontLeftAng <= Pl /2) Then
Ang = FrontLeftAng
FrontLeftX = (Robot.Left + Robot.Width / 2) + LineWidth * Cos(Ang)
FrontLeftY = (Robot. Top + Robot.Height / 2) + LineWidth * Sin(Ang)
BehindRightX = (Robot.Left + Robot.Width / 2) - LineWidth * Cos(Ang)
BehindRightY = (Robot. Top + Robot.Height / 2) - LineWidth * Sin(Ang)
End If
If (-PI <= FrontRightAng And FrontRightAng <= -PI / 2) Then
Ang = FrontRightAng + PI
FrontRightX = (Robot. Left + Robot.Width / 2) - LineWidth * Cos(Ang)
FrontRightY = (Robot. Top + Robot.Height / 2) - LineWidth * Sin(Ang)
BehindLeftX = (Robot Left + Robot.Width / 2) + LineWidth * Cos(Ang)
BehindLeftY = (Robot.Top + Robot.Height / 2) + LineWidth * Sin(Ang)
Elself (P / 2 < FrontRightAng And FrontRightAng <= 0) Then
Ang = -FrontRightAng
FrontRightX = (Robot. Left + Robot.Width / 2) + LineWidth * Cos(Ang)
FrontRightY = (Robot. Top + Robot.Height / 2) - LineWidth * Sin(Ang)



BehindLeftX = (Robot.Left + Robot.Width / 2) - LineWidth * Cos(Ang)
BehindLeftY = (Robot. Top + Robot.Height / 2) + LineWidth * Sin(Ang)
Elself (Pl /2 < FrontRightAng And FrontRightAng <= PI) Then
Ang = Pl - FrontRightAng
FrontRightX = (Robot.Left + RobotWidth / 2) - LineWidth * Cos(Ang)
FrontRightY = (Robot. Top + Robot.Height / 2) + LineWidth * Sin(Ang)
BehindLeftX = (Robot.Left + RobotWidth / 2) + LineWidth * Cos(Ang)
BehindLeftY = (Robot.Top + Robot. Height / 2) - LineWidth * Sin(Ang)
Elself (0 < FrontRightAng And FrontRightAng <= Pl /2) Then
Ang = FrontRightAng
FrontRightX = (Robot.Left + Robot Width / 2) + LineWidth * Cos(Ang)
FrontRightY = (Robot. Top + Robot.Height / 2) + LineWidth * Sin(Ang)
BehindLeftX = (Robot.Left + Robot.Width / 2) - LineWidth * Cos(Ang)
BehindLeftY = (Robot.Top + Robot.Height / 2) - LineWidth * Sin(Ang)
End If
Select Case Trackline
Case 1 'Square Trackline
Area.Line (FrontLeftX, FrontLeftY)-(FrontRightX, FrontRightY), vbRed
Area.Line (FrontRightX, FrontRightY)-(BehindRightX, BehindRightY), vbRed
Area.Line (BehindRightX, BehindRightY)-(BehindLeftX, BehindLeftY), vbRed
Area.Line (BehindLeftX, BehindLeftY)-(FrontLeftX, FrontLeftY), vbRed
Case 2 'Circle Trackline
Area.Circle (Robot.Left + Robot.Width / 2, Robot.Top + Robot.Height / 2), 0.8 * LineWidth, vbRed
Case 3 'Plus Trackline
Dim FrontX, FrontY, BehindX, BehindY
Dim LeftX, LeftY, RightX, RightY
Select Case RobotDirection
Case 1
FrontX = (Robot Left + RobotWidth / 2) + LineWidth * Cos(Abs(QldRobotAngle))
FrontY = (Robot.Top + Robot.Height / 2) - LineWidth * Sin(Abs(OldRobotAngle))
BehindX = (Robot.Left + RobotWidth / 2) - LineWidth * Cos(Abs(QldRobotAngle))
BehindY = (Robot.Top + Robot.Height / 2) + LineWidth * Sin(Abs(OldRobotAngle))
LeftX = (Robot Left + Robot.Width / 2) - LineWidth * Cos(P! / 2 - Abs(OldRobotAngle))
LeftY = (Robot.Top + Robot.Height / 2) - LineWidth * Sin(PI / 2 - Abs(OldRebotAngle))
RightX = (Robot.Left + Robot.Width / 2) + LineWidth * Cos(Pl / 2 - Abs(OldRobotAngle))
RightY = (Robot. Top + Robot.Height / 2) + LineWidth * Sin(P! / 2 - Abs(CldRobotAngle))
Area.Line (FrontX, FrontY)-(BehindX, BehindY), vbRed
Area.Line (LeftX, LeftY)-(RightX, RightY), vbRed
Case 2
FrontX = (Robot Left + Robot.Widlth / 2) + LineWidth * Cos(Abs(OldRobotAngle))
FrontY = (Robot.Top + Robot. Height / 2) - LineWidth * Sin(Abs(OldRobotAngle))
BehindX = (Robot.Left + RobotWidth / 2) - LineWidth * Cos(Abs(OldRobotAngle}))
BehindY = (Robot.Top + Robot.Height / 2) + LineWidth * Sin(Abs(OldRobotAngle))
LeftX = (Robot.Left + Robot Width / 2) - LineWidth * Cos(P! / 2 - Abs(OldRobotAngle))
Lefty = (Robot Top + Robot Height / 2) - LineWidth * Sin(PI / 2 - Abs(OldRobotAngle))
RightX = (Robot Left + Robot.Width / 2) + LineWidth * Cos(P! / 2 - Abs(OldRobotAngle))
RightY = (Robot. Top + Robot.Height / 2) + LineWidth * Sin(P! / 2 - Abs(OldRobotAngle))
Area,Line (FrontX, FrontY)-(BehindX, BehindY), vbRed
Area.Line (LeftX, LeftY)-(RightX, RightY), vbRed
Case 3



Al

FrontX = (Robot Left + Robot.Width / 2) + LineWidth * Cos(Abs(OldRobotAngle))
FrontY = (Robot.Top + Rabot.Height / 2) + LineWidth * Sin(Abs(OldRobotAngle))
BehindX = (Robot.Left + Robot.Width / 2) - LineWidth * Cos(Abs(QidRobotAngle))
BehindY = (Robot.Top + Robot.Height / 2) - LineWidth * Sin(Abs(OldRobotAngle))
LeftX = (Robot Left + Robot Width / 2) + LineWidth * Cos(PI / 2 - Abs(OldRobotAngle))
LeftY = (Robot.Top + Robat.Height/ 2) - LineWidth * Sin(Pl / 2 - Abs(OldRobotAngle))
RightX = (Robot. Left + RobotWidth / 2) - LineWidth * Cos(P! / 2 - Abs(OldRobotAngle))
RightY = (Robot. Top + Robot. Height / 2) + LineWidth * Sin(Pl / 2 - Abs(OldRobotAngle))
Area.Line (FrontX, FrontY){BehindX, BehindY), vbRed
Area.Line (LeftX, LeftY)-(RightX, RightY), vbRed

Case 4
FrontX = (Robot.Left + Robot.Width / 2) + LineWidth * Cos(Abs(OldRobotAngle))
FrontY = (Robot Top + Robot.Height / 2) + LineWidith * Sin(Abs(OldRobotAngle))
BehindX = (Robot.Left + Robot.Width / 2) - LineWidth * Cos(Abs(QidRobotAngle))
BehindlY = (Robot.Top + Robot.Height / 2) - LineWidth * Sin(Abs(OldRobotAngle))
LeftxX = (Robot.Left + Robot.Width / 2) + LineWidth * Cos(PI / 2 - Abs(OldRobotAngle))
Lefty = (Robot.Top + Robot.Height / 2) - LineWidth * Sin(P / 2 - Abs(OldRobotAngle))
RightX = (Robot. Left + Robot.Width / 2) - LineWidth * Cos(P! / 2 - Abs(OldRobotAngle))
RightY = (Robot. Top + Robot.Height / 2) + LineWidth * Sin(Pl / 2 - Abs(OldRobotAngle))
Area.Line (FrontX, FrontY)-(BehindX, BehindY), vbRed
Area.Line (LeftX, LeftY)-(RightX, RightY), vbRed

End Select

Case 4 'Cross Trackline
Area.Line (FrontLeftX, FrontLeftY)-(BehindRightX, BehindRightY), vbRed
Area.Line (FrontRightX, FrontRightY)(BehindLeftX, BehindLeftY), vbRed
Case5 'Dot Trackline
Area.Circle (Robot.Left + RobotWidth / 2, Robot.Top + Robot.Height / 2), 0.08 * LineWidth, vbRed
End Select
End Sub

Private Sub SquareTrack_Click()
Trackline =1
End Sub

Private Sub CircleTrack_Click()
Trackline = 2

End Sub

Private Sub PlusTrack_Click()
Trackline =3
End Sub

Private Sub CrossTrack_Click()
Trackline = 4
End Sub

Private Sub DotTrack_Click()
Trackline =5
End Sub
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Abstract
Kaewnopparat, A.! and Sooraksa, P.2

Tracking problem and obstacle avoidance of mobile robots using

simple fuzzy control
Songklanakarin J. Sci. Technol., 2004, 26(5) :

This paper presents a solution to the tracking problem, which is one of the interesting research topics,
for a robot with obstacle avoidance via simple fuzzy control. The proposed forms of membership functions
are designed in light of ease of implementation for real-world application. Control parameters are con-
sidered and assigned based upon size of the robot and interaction distance between sensors and environment.
To evaluate the effectiveness of the design, computer simulation using Visual Basic is carried out to validate
the robot movement. The results show high possibility for implementation of the system using the proposed
design.
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