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This thesis presents a study of small mobile robots controlled via wireless
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400 W 600 700
1M 2.2 novanlnasuvesidniaasuuy RGB [13]

o Y ° = ° o ' = E
vingUimuldnluuuudaesiuuy RGB annsoimsdmuasvenasd Teglu

voanaing ilazandemsmmnudmiunsszmanalumsnouuasd I8deguii 2.3

Blue = (0.0, 1) Cyan=(0.1.1)

Magenta = (1, 0. 1
I
& ™ White = (1, 1, 1)
1 o
[
R - - $Green = (0, 1, 0)
Black = (0, 0, 0) '/," /G
'
[
Red = (1. 0, 0) Yellow = (1, 1, 0)

3U% 2.3 e suuuSasuasdues RGB [14)

nngUi 2.3 Wehmsunmuawdazuesd lunuinunu x | y | z Taodmuald uaed
aiianilu 0 vanua uaedvndamdidu 1 vanue duilddunaanid 3 & 18un uaeduns
(R) Haddvw? (G) uaadindu (B) ogluszuny unu x |y, z aansodmualdamuaunisn

2.1

C, = R(A)+G(A) + B(A) 2.1)
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wanlunyudiaeanaaduos RGB MuN@nns

2.2.2 KUV IABINAIANVY CMY (CMY Color Model)

wusiaeaasdives cMY Amualiusozuasd Feogludrdusosninuaud RGB
B induunude: (Cyan) @3791A3 (Magenta) agdimans (Yellow) anwsorinnld
Annald Taonduunuvesuaanid RGB uduer cMy inlaluuauny x, y, z unu 18l

4 Y =
NNRBYBINNULAITAIZLN 2.4

M
Grayscale
i Magenta
Blue
Red
Cyan
c

Yellow Green

U7 2.4 nnwesuuuSanumaives CMY [14]

MNgUN 2.4 aunsamanuduiuiveauusanaad CMY fu RGB 1ddaauns

=h.
it
[N}

C ] R
M|=[1|-1G (2.2)
Y 1 B

FMTVUVVA0WAITUVY CMY aNIaMINITANIZA 1A INuUSaoasdues
RGB lamimsnlasuuasnnmsamwain jluuunuuiraewasduuy cMy 1d5uanu

dou lunminlumninnldau

2.2.3 BUU91A83aUVY CMYK (CMYK Color Model)
o ' ° 1 3 d’a Y 1; = L) = o
Lﬂumiwmumammmumamnauwmuﬂa CMY Iﬂﬂllﬂl‘}*l!.llﬂlliuﬁ'.lu‘lmﬂﬁﬂ']

v
o Y o
(black) 19131 tuvsaetl 1Fun ludmanununn

s
- a oy

malasunn  cMY Wy CMYK wuhdsimudnn aansodszanadt1dong

YOI C, M, Y Muaumsn 2.3



K =min(C, M, Y) (2.3)
Tauii C=C-K

M=M-K

Y=Y-K

aunsaudaInsulasdann RGB iilu cMYK 18ds317 2.6

(minus blue)

(minus green)

34 2.5 pluwumswaudainuuuiiaesd RGB Wiy 1a0sd CMYK [15)

2.2.4 WUVU91A0IAUVY YIQ (YIQ Color Model)
U ] o A i o
lsmsunumvesdaunlsznen Wuszdunimuduveuas (uminance) Hilern fvun
Wi Y uazszdunamiduvesd (chrominance) Bnaosr Tnofmualdidius 1 (inphase)

Hazm Q (quadrature)

w o

VINAUMITVOIVUIADMAITUUY YIQ HANuduius sunuus1asaasduyy RGB

AITUNITN 2.4

¥ 0.299 0.587 0.114 |[R
I[=]0.59 -0.275 -0321|G (2.4)
O 0212 -0.523 0.311 | B

b d
uvviaeasduuy YIQ i 14 luszuumsunsnminsvimivesansyowsni (NTsc

system)



2.2.5 HUU91209MAITUVY CIB Lab (CIE Lab Color Model)
uuuiaeMaIFuLY CIE Lab 5114 1976 [7] Usznoudae 3 d2u fie
L* iy luminosity
a* i red/green axis

b* 1ilu yellow/blue axis

4 ° ' 4 °
FIMIAUIUMIAOI L, A, B aunsan ldninaunmsi 2.5 Taotmualy

v = (Xn, Yn, Zn)

LI =116(r/v,)"” -16 o Y/Y, > 0.008856

L' =903292(Y/Y,) o Y/, <0.008856

a =500(f(Xx/X,)-f(2/2,)

b'=200(f(x/X,)-f(2/2,)) 2.5)
Taw  f(t)=1" o Y/Y, > 0.008856

nin  f(t)=7.787t +16/116
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39144
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2.3 MIAUNMAUMA (Path finding)
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MANHIN A.

a.1 Tdsunsumamaeniivesyusuda

Option Explicit

Dim B_Start As Boolean

Dim TargetX(50) As Long
Dim TargetY(50) As Long
Dim TargetN As Long

Dim TargetEnd As Long

Dim RobotX(50) As Double
Dim RobotY(50) As Double
'Dim RobotX2(50) As Double
'Dim RobotY2(50) As Double
Dim Slop As Double

Dim Dx As Double, Dy As Double
Dim StartSTEP As Long

Dim RobotNUM As Long

Private Sub Combol_Change()
If Combol.ListIndex = 0 Then
Shapel.Visible = True
Elself Combol.ListIndex = 1 Then
Shapel.Visible = False
End If
End Sub

Private Sub Command1_Click()
If TargetN <> 0 Then
StartSTEP = 0
TargetEnd = TargetN
TargetN =0
RobotX(0) = TargetX(TargetN)
RobotY(0) = TargetY(TargetN)
RobotNUM =0
TargetN = 1
Dx = TargetX(TargetN) - TargetX(TargetN - 1)
Dy = TargetY(TargetN) - TargetY(TargetN - 1)
Slop = SlopWay(Dx, Dy)
Timer1.Enabled = True
End If
End Sub

Private Sub Form Load()

Combol.ListIndex = 0
B_Start = True
TargetN =0
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With Shapel
TargetX(TargetN) = .Left + (.Width / 2)
TargetY(TargetN) = .Top + (.Height / 2)
End With
End Sub

Private Sub Picture]l _MouseDown(Button As Integer, Shift As Integer, X As Single,
Y As Single)
Dim i As Long
If B_Start = True Then
Picturel.Cls
TargetN =0
With Shapel
Timerl.Enabled = False
TargetX(TargetN) = .Left + (.Width / 2)
TargetY(TargetN) = . Top + (.Height / 2)
Fori=0 To 50
RobotX(i) = TargetX(0)
RobotY (i) = TargetY(0)
Next i
End With
B_Start = False
End If
Picturel.Line (TargetX(TargetN), TargetY(TargetN))-(X, Y), vbRed
TargetN = TargetN + 1
TargetX(TargetN) = X
TargetY(TargetN) =Y
End Sub
Private Function SlopWay(Dx As Double, Dy As Double) As Double
If Dy >= 0 Then
If Dx <= 0 Then
SlopWay = Atn(Dy / Dx)
If SlopWay < 0 Then SlopWay = 3.14 + SlopWay
Else
SlopWay = 1.57
End If
Else
If Dx <= 0 Then
SlopWay = Atn(Dy / Dx)
If SlopWay < 0 Then SlopWay = 3.14 + SlopWay
SlopWay = 3.14 + SlopWay
Else
SlopWay = 4.71
End If
End If
End Function

Private Sub Timer1 Timer()
StartSTEP = StartSTEP + 1
If B_Start = False Then
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Dx = TargetX(TargetN) - TargetX(TargetN - 1)
Dy = TargetY(TargetN) - TargetY(TargetN - 1)
Slop = SlopWay(Dx. Dy)
If Abs(Cos(Slop)) > 0.5 Then
RobotX(0) = RobotX(0) + Cos(Slop)
RobotY(0) = (RobotX(0) - TargetX(TargetN)) * (Dy / Dx) +
TargetY(TargetN)
'Picturel.PSet (RobotX(0), RobotY(0)), vbGreen
Shape2(0).Top = RobotY(0) - 3
Shape2(0).Left = RobotX(0) - 3
Else
RobotY(0) = RobotY(0) + Sin(Slop)
RobotX(0) = (RobotY(0) - TargetY(TargetN)) * (Dx / Dy) +
TargetX(TargetN)
'Picturel.PSet (RobotX(0), RobotY(0)), vbGreen
Shape2(0).Top = RobotY(0) - 3
Shape2(0).Left = RobotX(0) - 3
End If
If Abs(RobotX(0) - TargetX(TargetN)) < 1 And Abs(RobotY(0) -
TargetY(TargetN)) < 1 Then
TargetN = TargetN + 1
If TargetN > TargetEnd Then
"Timerl.Enabled = False
B_Start = True
End If
End If
End If

Dim i As Long
If StartSTEP > Text1l.Text And RobotNUM < 50 Then
StartSTEP = 0
RobotNUM = RobotNUM + 1
End If
Fori=1 To RobotNUM
If Abs(RobotX(i) - TargetX(TargetEnd)) <4 And Abs(RobotY(i) -
TargetY(TargetEnd)) <4 Then
RobotX(i) = TargetX(TargetEnd)
RobotY(i) = TargetY(TargetEnd)
Else
Dx = RobotX(i - 1) - RobotX(i)
Dy = RobotY(i - 1) - RobotY(i)
Slop = SlopWay(Dx, Dy)
If Abs(Cos(Slop)) > 0.5 Then
RobotX(i) = RobotX(i) + Cos(Slop)
RobotY(i) = (RobotX(i) - RobotX(i - 1)) * (Dy / Dx) + RobotY(i -
1)
Picturel.PSet (RobotX(i), RobotY(i)), vbRed
Shape2(i).Top = RobotY(i) - 3
Shape2(i).Left = RobotX(i) - 3
Else



1)

RobotY(i) = RobotY(i) + Sin(Slop)
RobotX(i) = (RobotY(i) - RobotY(i - 1)) * (Dx / Dy) + RobotX(i -

Picturel.PSet (RobotX(i), RobotY(i)), vbRed
Shape2(i).Top = RobotY(i) - 3
Shape2(i).Left = RobotX(i) - 3

End If

End If
Next i
End Sub
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VERSION 5.00

Begin VB.Form Forml

Caption = "Forml"
ClientHeight = 6315
ClientLeft = 60
ClientTop = 345
ClientWidth = 8520
LinkTopic = "Forml"
ScaleHeight = 6315
ScaleWidth = 8520

StartUpPosition = 3 'Windows Default
Begin VB.ComboBox Combol

Height = 315
ItemData = "Part.frx":0000
Left = 6960

List = "Part.frx":000A
TabIndex = 4

Text = "1"

Top = 1440

Width = 1335

End

Begin VB.CommandButton Command?2
Caption = "Command2"
Height = 495

Left = 7200
TablIndex = 3

Top = 2640

Width = 1095

End

Begin VB.Timer Timerl
Enabled = 0 'False
Interval = 10

Left = 480

Top = 5160

End

Begin VB.TextBox Textl
Height = 375

Left = 6960
Tablndex = 2

Text = "30"

Top = 840

Width = 615
End

Begin VB.CommandButton Command]



Caption = "Command1l"

Height = 495

Left = 6840
Tablndex = ]

Top = 120

Width = 1455

End

Begin VB.PictureBox Picturel
AutoRedraw = -1 "True
FillColor = &HOO000FFFF&
Height = 4815

Left = 120
ScaleHeight = 317
ScaleMode = 3 'Pixel
ScaleWidth = 437
Tablndex =

Top = 120

Width = 6615

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid
Height = I35
Index = 50
Left = 0
Shape = 3 'Circle
Top =0
Width = 135
End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid

Height = 135

Index = 49

Left =0

Shape = 3 'Circle

Top = 0

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid

Height = 135

Index = 48

Left =0

Shape = 3 'Circle

Top = 0

Width = 135



End
Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO000OFFFF&
FillStyle = 0 'Solid

Height = 135

Index = 47

Left = 0

Shape = 3 'Circle

Top =0

Width = 135
End

Begin VB.Shape Shape2
BorderColor = &HO00000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid
Height = 135

Index = 46

Left =0

Shape = 3 "Circle

Top = 0

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&
FillColor = &HO000FFFF&
FillStyle = 0 'Solid

Height = I35

Index = 45

Left =0

Shape = 3 'Circle

Top = 0

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &H000000FF&
FillColor = = &HO0000FFFF&
FillStyle = 0 'Solid

Height = 135

Index = 44

Left =0

Shape = 3 'Circle

Top = 0

Width = 135
End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&
FillColor = &HO0000FFFF&
FillStyle = 0 'Solid
Height = 135



Index = 43

Left =0
Shape = 3 "Circle
Top = )
Width = 135
End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO0000FFFF&
FillStyle = 0 'Solid

Height = 135

Index = 42

Left =0

Shape = 3 Circle

Top = f)

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = = &HOOO00OFFFF&
FillStyle = 0 'Solid

Height = 135

Index = 4]

Left =0

Shape = 3 'Circle

Top = 0

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid

Height = 135

Index = 40

Left = 0

Shape = 3 'Circle

Top =0

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid

Height = 135

Index = 310

Left = 0

Shape = 3 'Circle

Top =0

Width = 135

End



Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid
Height = 135

Index = 38

Left =0

Shape = 3 'Circle

Top =0

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid

Height = ]35

Index = 37

Left =0

Shape = 3 '"Circle

Top = 0

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&
FillColor = &HO0000FFFF&
FillStyle = 0 'Solid

Height = 135

Index = 36

Left =0

Shape = 3 'Circle

Top =0

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid

Height = 135

Index = 35

Left = 0

Shape = 3 'Circle

Top =0

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid
Height = 135

Index = 34
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Left =0

Shape = 3 'Circle
Top = 0

Width = 135
End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid

Height = 135

Index = 33

Left =0

Shape =3 'Circle

Top = 0

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid

Height = 135

Index = 32

Left = 0

Shape = 3 "Circle

Top =0

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid
Height = 135
Index = 3]
Left = 0
Shape = 3 "Circle
Top =
Width = 135
End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = = &HO000FFFF&
FillStyle = 0 'Solid
Height = 135
Index = 30
Left =0
Shape = 3 'Circle
Top =0
Width = 135
End

Begin VB.Shape Shape2

77



BorderColor = &HO000000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid
Height = 135

Index = 29

Left =i )

Shape = 3 "Cirele

Top =0

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&
FillColor = &HO000FFFF&
FillStyle = 0 'Solid
Height 135
Index = 28
Left =0
Shape = 3 'Circle
Top =0
Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid

Height = 135

Index = 27

Left =0

Shape = 3 'Circle

Top =0

Width = 135

End

Begin VE.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HOO000OFFFF&
FillStyle = 0 'Solid
Height = 135
Index = 26
Left = 0
Shape = 3 'Circle
Top = 0
Width = 133
End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid

Height = 135

Index = 25

Left = 0



Shape = 3 'Circle

Top =0

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid
Height = 135

Index = 24

Left = 0

Shape = 3 "Circle

Top = {)

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = = &HO000FFFF&
FillStyle = 0 'Solid
Height = 135

Index = 23

Left = 0

Shape = 3 'Circle

Top = {

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid
Height = 135
Index = 22
Left =0
Shape = 3 'Circle
Top = I
Width = 135
End

Begin VB.Shape Shape?2
BorderColor = &HO000000FF&

FillColor = &HO0000FFFF&
FillStyle = 0 'Solid

Height = 135

Index = 21

Left =0

Shape = 3 'Circle

Top = 0

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&



FillColor = &HO0000FFFF&
FillStyle = 0 'Solid

Height = 135

Index = 20

Left = 0

Shape = 3 'Circle

Top = 0

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&
FillColor = &HO000FFFF&
FillStyle = 0 'Solid

Height = 135

Index = 19

Left =0

Shape = 3 'Circle

Top =0

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid

Height = 135

Index = 18

Left =0

Shape = 3 'Circle

Top =

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid
Height = 13>
Index = 13
Left =0
Shape = 3 "Circle
Top =0
Width = 135
End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid

Height = 135

Index = 16

Left =0

Shape = 3 "Circle

80



Top = 0

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid

Height = 135

Index = 15

Left = 0

Shape = 3 'Circle

Top = 0

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid

Height =: 13§

Index = 14

Left =0

Shape = 3 'Circle

Top = 0

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid
Height = 135
Index = 13
Left =0
Shape = 3 'Circle
Top =0
Width = 135
End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = = &HOO00FFFF&
FillStyle = 0 'Solid
Height = 135
Index = ]2
Left =0
Shape = 3 'Circle
Top = {
Width = 135
End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&
FillColor = &HO000FFFF&
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FillStyle = 0 'Solid

Height = 135

Index = 11

Left = 0

Shape = 3 'Circle

Top = i)

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid

Height = 135

Index = 10

Left = 0

Shape = 3 'Circle

Top =0

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid
Height = 135
Index = 9
Left = 0
Shape = 3 'Circle
Top =0
Width = 135
End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HOOOOFFFF&
FillStyle = 0 'Solid

Height = 135

Index = 8

Left =0

Shape = 3 'Circle

Top =0

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO00000FF&

FillColor = &HOO000FFFF&
FillStyle = 0 'Solid

Height = 135

Index = J

Left = 0

Shape = 3 'Circle

Top =0



Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO0000FFFF&
FillStyle = 0 'Solid

Height = 135

Index = 06

Left =0

Shape = 3 "Circle

Top =

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HOO000FFFF&
FillStyle = 0 'Solid

Height = 135

Index =5

Left = 0

Shape = 3 "Circle

Top = D

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid
Height = 135
Index = 4
Left =0
Shape = .3 'Circle
Top =0
Width = 135
End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = &HO000FFFF&
FillStyle = 0 'Solid

Height = 135

Index = 3

Left =0

Shape = 3 'Circle

Top = ¥

Width = 135

End

Begin VB.Shape Shape2
BorderColor = &H000000FF&
FillColor = &HO000FFFF&
FillStyle = 0 'Solid
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Height = 135
Index = 2

Left = 0

Shape = 3 'Circle
Top =0

Width = 135
End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = = &HO000FFFF&
FillStyle = 0 'Solid

Height = 135

Index =1

Left =0

Shape = 3 "Circle

Top = 0

Width = [38

End

Begin VB.Shape Shape2
BorderColor = &HO000000FF&

FillColor = = &HO000FFFF&
FillStyle = 0 'Solid
Height = 133
Index = 0
Left = 0
Shape = 3 'Circle
Top = 0
Width = 135
End
Begin VB.Shape Shapel
BackColor = &HO00000FF&
FillColor = &HOOFF0000&
Height = 495
Left = 1440
Shape = 2 'Oval
Top = 2160
Width = 495
End
End

End

Attribute VB_Name = "Form1"
Attribute VB_GlobalNameSpace = False
Attribute VB_Creatable = False
Attribute VB_Predeclaredld = True
Attribute VB_Exposed = False
Option Explicit

Dim B_Start As Boolean

Dim TargetX(50) As Long

Dim TargetY(50) As Long

Dim TargetN As Long
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Dim TargetEnd As Long

Dim RobotX(50) As Double

Dim RobotY(50) As Double

'Dim RobotX2(50) As Double
'Dim RobotY2(50) As Double
Dim Slop As Double

Dim Dx As Double, Dy As Double
Dim StartSTEP As Long

Dim RobotNUM As Long

Private Sub Combol_Change()
If Combol.ListIndex = 0 Then
Shapel.Visible = True
Elself Combol.ListIndex = 1 Then
Shapel.Visible = False
End If
End Sub

Private Sub Command1_Click()
If TargetN <= 0 Then
StartSTEP = 0
TargetEnd = TargetN
TargetN =0
RobotX(0) = TargetX(TargetN)
RobotY(0) = TargetY(TargetN)
RobotNUM =0
TargetN = 1
Dx = TargetX(TargetN) - TargetX(TargetN - 1)
Dy = TargetY(TargetN) - TargetY(TargetN - 1)
Slop = SlopWay(Dx, Dy)
Timerl.Enabled = True
End If
End Sub

Private Sub Form Load()
Combol.ListIndex = 0
B_Start = True
TargetN = 0
With Shapel
TargetX(TargetN) = .Left + (Width / 2)
TargetY(TargetN) = .Top + (.Height / 2)
End With
End Sub

85

Private Sub Picturel MouseDown(Button As Integer, Shift As Integer, X As Single,

Y As Single)
Dim i As Long
If B Start = True Then
Picturel.Cls
TargetN =0
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With Shapel
Timerl.Enabled = False
TargetX(TargetN) = .Left + (.Width / 2)
TargetY(TargetN) = .Top + (.Height / 2)
Fori=0To 50
RobotX(i) = TargetX(0)
RobotY(i) = TargetY(0)
Next i
End With
B_Start = False
End If
Picturel.Line (TargetX(TargetN), TargetY(TargetN))-(X, Y). vbRed
TargetN = TargetN + 1
TargetX(TargetN) = X
TargetY(TargetN) =Y
End Sub
Private Function SlopWay(Dx As Double, Dy As Double) As Double
If Dy >= 0 Then
If Dx <= 0 Then
SlopWay = Atn(Dy / Dx)
If SlopWay < 0 Then SlopWay = 3.14 + SlopWay
Else
SlopWay = 1.57
End If
Else
If Dx <> 0 Then
SlopWay = Atn(Dy / Dx)
If SlopWay < 0 Then SlopWay = 3.14 + SlopWay
SlopWay = 3.14 + SlopWay
Else
SlopWay =4.71
End If
End If
End Function

Private Sub Timerl Timer()
StartSTEP = StartSTEP + 1
If B_Start = False Then
Dx = TargetX(TargetN) - TargetX(TargetN - 1)
Dy = TargetY(TargetN) - TargetY(TargetN - 1)
Slop = SlopWay(Dx, Dy)
If Abs(Cos(Slop)) > 0.5 Then
RobotX(0) = RobotX(0) + Cos(Slop)
RobotY(0) = (RobotX(0) - TargetX(TargetN)) * (Dy / Dx) +
TargetY(TargetN)
'Picturel.PSet (RobotX(0), RobotY(0)), vbGreen
Shape2(0).Top = RobotY(0) - 3
Shape2(0).Left = RobotX(0) - 3
Else
RobotY(0) = RobotY(0) + Sin(Slop)
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RobotX(0) = (RobotY(0) - TargetY(TargetN)) * (Dx / Dy) +

TargetX(TargetN)

'Picturel.PSet (RobotX(0), RobotY(0)), vbGreen

Shape2(0).Top = RobotY(0) - 3
Shape2(0).Left = RobotX(0) - 3

End If
If Abs(RobotX(0) - TargetX(TargetN)) < 1 And Abs(RobotY(0) -
TargetY(TargetN)) <1 Then

TargetN = TargetN + 1

If TargetN > TargetEnd Then
"Timerl.Enabled = False
B Start = True

End If

End If

End If

Dim i As Long
If StartSTEP > Textl.Text And RobotNUM < 50 Then

StartSTEP = 0
RobotNUM = RobotNUM + 1

End If
Fori=1 To RobotNUM

If Abs(RobotX(i) - TargetX(TargetEnd)) <4 And Abs(RobotY(i) -

TargetY(TargetEnd)) < 4 Then

1)

RobotX(i) = TargetX(TargetEnd)
RobotY(i) = TargetY(TargetEnd)

Else

Dx = RobotX(i - 1) - RobotX(i)
Dy = RobotY(i - 1) - RobotY(i)
Slop = SlopWay(Dx, Dy)
If Abs(Cos(Slop)) > 0.5 Then
RobotX(i) = RobotX(i) + Cos(Slop)
RobotY(i) = (RobotX(i) - RobotX(i - 1)) * (Dy / Dx) + RobetY(i -

Picturel.PSet (RobotX(i), RobotY(i)), vbRed
Shape2(i). Top = RobotY(i) - 3
Shape2(i).Left = RobotX(i) - 3
Else
RobotY(i) = RobotY(i) + Sin(Slop)
RobotX(i) = (RobotY(i) - RobotY(i - 1)) * (Dx / Dy) + RobotX(i -

Picture].PSet (RobotX(i), RobotY(i)), vbRed
Shape2(i). Top = RobotY(i) - 3
Shape2(i).Left = RobotX(i) - 3

End If

End If

Next 1

End Sub



.3 Psuedocode

1 procedure ACO_Meta_heuristc()

2 while (termination_criterion_not_satisfied)

3
4
5
6
7

8

schedule_activities
ants_generation_and_activity();
pheromone_evaporation();
daemon_actions(); {optional}
end schedule_activities

end while

9 end procedure

10 procedure ants_ generation_and_activity()

11
12
13
14
15

while(available resources)
schedule_the_creation_of a_new ant();
new_active_ant();
end while

end procedure

16 procedure new_active ant(){ant lifecycle}

17
18
19
20
21
22
23
24
25
26

initialize _ant();

M = update_ant_memory();

whila(current_state # targen state)
A =read_local_ant_routing_table();
P =compute_transition _probilities(A,M,problem_constraints);
next_state = apply_ant_decision_policy(P,problem constraints);
move_to_ next_state(next_state);
iflonline_step_by step pheromone update)

deposiy_ pheromone_on_the_visited_arc();

update_ant_routing_table();
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27 end if
28 M = update_internal_state();
29 end while

30 iflonline_delayed pheromone_update)

31 evaluate_solution();

32 evaluate_ pheromone on_all visited arcs()
33 update_ant_routing_table();

34 end if

35 die();

36 end procedure

£l
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