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Abstract

This paper, using a multi-agent system, | make the simulation which simulate the scramble
intersection mixed the general worker and walking with using smartphone, and analyze the results.
Why | want to do so is the experiments of a simulation of the only the walker with smartphone. |
used the law of Helbing representing the behavior at the time of panic in one expression, and | want
to simulate general pedestrian was also included in the scramble crossing in a state in which close to
reality as possible. There are some conditions that were implemented for. One thing is if the traffic
light is blinking, people were in hurry, and one is to add various kinds of people, including general
pedestrians. | implement this kind of conditions, while changing the ratio of the worker with
smartphone and general worker, in total 500, and | simulate this. And as a result, | evaluated the
agent by the ratio of the collision number to the number of all agents and ratio of what all agents
arrive at the destination which agent set by itself. As a result of evaluation, normal workers almost
arrive at the destination, but persons who have a smartphone during walking can’t arrive about 5%.
In addition, the probability of collision was increased each time the ratio of number of people

increases. Just as the collision rate either be only on one side of the agent was down from the peak.
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4k
FEL-a—Kz#HiT 5.
Universe

Univ_Init{
valuelnit()
setStandard()
setAgent()
setStartAndGoal()

}

sub valuelnit(){
Universe.CountNormalCol =0
Universe.CountSmartCol =0
Universe.startTime = GetReal Time()
Universe.quickTime = Universe.StartTime + 35000
Universe.endTime = Universe.StartTime + 45000
Universe.NormalAgtVal = 0
Universe.SmartAgtVal = 0
Universe.NormalFinishVal =0
Universe.SmartFinishVal = 0
Universe.crashValueOfStartNo = 0
Universe.crashValueOfStartSm = 0

}

sub setStandard(){
Dim i As Integer
if Universe.StandardValue != 0 Then
CreateAgtMulti(Universe.Crossing.Standard, Universe.StandardValue)
End if

For i = 0 to Universe.StandardValue -1
Universe.Crossing.Standard(i).X = Universe.Crossing.defaultstan(i). X
Universe.Crossing.Standard(i).Y = Universe.Crossing.defaultstan(i).Y
Next i

}

sub setAgent(){
Dim i As Integer
if Universe.NormalValue '= 0 Then
CreateAgtMulti(Universe.Crossing.Normal, Universe.NormalValue)
End if
if Universe.SmartValue !'=0 Then
CreateAgtMulti(Universe.Crossing.SmartPhone, Universe.SmartValue)
End if

}

sub setStartAndGoal (){// = — /L HiS DR E
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Dim i As Integer

Dim iA As Integer

Dim iAng As Double// 4 &
Dim iRad As Integer//>-£¢

For i = 0 to CountAgt(Universe.Crossing.Normal) -1
iA = Int(Rnd() * Universe.StandardValue)//—=—<" = > h AIZ%f LT
Universe.Crossing.Normal(i).gA = iA// 2 — Vil iD= — 3 = > |

~Universe.Crossing.Normal(i).gAX = Universe.Crossing.Standard(iA).X// =— /L
B DOT— = o X i

~ Universe.Crossing.Normal(i).gAY = Universe.Crossing.Standard(iA).Y// = —/v
HEDOT—T =2 FDY il

Do While iA == Universe.Crossing.Normal(i).gA//[f] U =— = > NMI7e b7

Wi
iA = Int(Rnd() * CountAgt(Universe.Crossing.Standard))
Loop
- iAng = DegreeToRad(Int(Rnd() * 360))//H.0r & e H=— = MZX LT
iRad = Int(Rnd() * 30)// AL 72 1T AL TV 5
Universe.Crossing.Normal(i).X = Universe.Crossing.Standard(iA).X + (iRad *
Cos (iAng))
Universe.Crossing.Normal(i).Y = Universe.Crossing.Standard(iA).Y + (iRad *
Sin(iAng))
Next i

For i = 0 to CountAgt(Universe.Crossing.SmartPhone) -1
iA = Int(Rnd() * CountAgt(Universe.Crossing.Standard))/——< = > h A~

AT LT
Universe.Crossing.SmartPhone(i).gA = iA
Universe.Crossing.SmartPhone(i).gAX = Universe.Crossing.Standard(iA).X
Universe.Crossing.SmartPhone(i).gAY = Universe.Crossing.Standard(iA).Y
Do While iA == Universe.Crossing.SmartPhone(i).gA
iA = Int(Rnd() * CountAgt(Universe.Crossing.Standard))
Loop
iAng = DegreeToRad(Int(Rnd() * 360))
iRad = Int(Rnd() * 30)
Universe.Crossing.SmartPhone(i).X = Universe.Crossing.Standard(iA).X +
(iRad * Cos(iAng))
Universe.Crossing.SmartPhone(i).Y = Universe.Crossing.Standard(iA).Y +
(iRad * Sin(iAng))
Next i
}

Univ_Step_Begin{
if Universe.crashValueOfStartNo == 0 And Universe.crashValueOfStartSm == 0 Then
Universe.crashValueOfStartNo = Universe.CountNormalCol
Universe.crashValueOfStartSm = Universe.CountSmartCol
End if
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Univ_Step_End{

}

Universe.nowTime = GetReal Time()

If Universe.nowTime >= Universe.endTime Then
ExitSimulation()

Elself Universe.nowTime >= Universe.endTime - 5000 Then
Universe.Quick = true

Elself Universe.nowTime >= Universe.quickTime Then
Universe.Quick = true
resetMain()

Else
resetMain()

End If

sub resetMain(){

}

Dim i As Integer
Dim newA As agt
For i = 0 To CountAgt(Universe.Crossing.Normal) -1
if Universe.Crossing.Normal(i).X > 200 Then
reset(Universe.Crossing.Normal(i))
Universe.Crossing.Normal(i).Speed =( Int(Rnd() *3) + 1) *0.025
Universe.NormalAgtVal = Universe.NormalAgtVval + 1
End If
Next i
For i = 0 To CountAgt(Universe.Crossing.SmartPhone) -1
if Universe.Crossing.SmartPhone(i).X > 200 Then
reset(Universe.Crossing.SmartPhone(i))
Universe.Crossing.SmartPhone(i).Speed = (Int(Rnd() * 3) + 1) * 0.01
Universe.SmartAgtVal = Universe.SmartAgtVal + 1
End If
Next i

sub reset(iAgt As Agt){

iAgt.gA = Int(Rnd() * Universe.StandardValue)
iAgt.gAX = Universe.Crossing.Standard(iAgt.gA). X
iAgt.gAY = Universe.Crossing.Standard(iAgt.gA).Y

Dim sA As Integer
sA = Int(Rnd() * Universe.StandardValue)
Do While sA == iAgt.gA
sA = Int(Rnd() * Universe.StandardValue)
Loop

Dim iAng As Double
Dim iRad As Integer
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iAng = DegreeToRad(Int(Rnd() * 360))//H /L2 & 72 B =— = o MIxF L TOME
iRad = Int(Rnd() * 30)// & #1172 11 BfEAL TW % 20

iAgt.X = Universe.Crossing.Standard(sA).X + (iRad * Cos(iAng))
iAgt.Y = Universe.Crossing.Standard(sA).Y + (iRad * Sin(iAng))
iAgt.Direction = GetDirection(iAgt.X, iAgt.Y, iAgt.gAX, iAgt.gAY, Universe.Crossing)

Univ_Finish{

Dim AllValue As Integer

Dim startAll As Integer

Dim result As String

AllValue = Universe.NormalValue + Universe.SmartValue

startAll = AllValue

Print("#J#l—=—< = > ;4 Normal : " & Universe.NormalValue )

Print(" | Smart : " & Universe.SmartValue )

Printin(" | f1#—— = > Ma%K : "& startAll )

result = Universe.NormalValue &","& Universe.SmartValue &","& startAll &""

AllValue = Universe.CountNormalCol + Universe.CountSmartCol

Print("f 22144 : " & AllValue )

Print(" | #1511 2M1%% Normal : " & Universe.crashValueOfStartNo )

PrintIn(" | Smart : " & Universe.crashValueOfStartSm )

Print(" #% #h KF o & 2% [0] 2t Normal : " & Universe.CountNormalCol

Universe.crashValueOfStartNo )

&II'II

Print(" | Smart : " & Universe.CountSmartCol - Universe.crashValueOfStartSm )

Printin(" | B #EhE ORE22E %L - " & AllValue - Universe.crashValueOfStartNo -
Universe.crashValueOfStartSm)

result = result & AllValue &","& Universe.crashValueOfStartNo &","&
Universe.crashValueOfStartSm &","&Universe.CountNormalCol - Universe.crashValueOfStartNo

& Universe.CountSmartCol - Universe.crashValueOfStartSm &"," &AllValue

Universe.crashValueOfStartNo - Universe.crashValueOfStartSm &","

&""&

PrintIn("")

AllValue = Universe.NormalAgtVal + Universe.SmartAgtVal
Print("FFRAT— = > & Normal : " & Universe.NormalAgtVal)
Println(" | Smart : " & Universe.SmartAgtVal)

Print("FFJ6/E = — 2 = o MR - " & AllValue)

Printin(" | #8340 — = MK : "& startAll + AllValue)

result = result & Universe.NormalAgtVal &","&Universe.SmartAgtVal &","&AllValue

startAll + AllValue &""
PrintIn("")

AllValue = Universe.NormalFinishVal + Universe.SmartFinishVal
Print("2l#E—— = > 4 Normal : " & Universe.NormalFinishvVal )
Print(" | Smart : " & Universe.SmartFinishVal )
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Printin(" | 2T — = > Ma%K : " & AllValue)

result = result & Universe.NormalFinishVal &","& Universe.SmartFinishVal &","&
AllValue &","

Printin("")

Print(" & & # = — ¥ = > F %  Normal : " & Universe.NormalValue +
Universe.NormalAgtVal - Universe.NormalFinishVal )

Print" | Smart : " & Universe.SmartValue + Universe.SmartAgtVal -

Universe.SmartFinishVal)

Printin(* | R # # = — ¥ = > b # % : "& Universe.NormalValue +
Universe.NormalAgtVal - Universe.NormalFinishVal + Universe.SmartValue +
Universe.SmartAgtVal - Universe.SmartFinishVal)

Printin(" 27~ 7% : "&GetCountStep())

result = result &  Universe.NormalValue +  Universe.NormalAgtVal
Universe.NormalFinishVal ~ &","&  Universe.SmartValue +  Universe.SmartAgtVal
Universe.SmartFinishVal ~ &""&  Universe.NormalValue +  Universe.NormalAgtVal
Universe.NormalFinishVal + Universe.SmartValue + Universe.SmartAgtVal
Universe.SmartFinishVal

I Printin(result)

}

Normal =— = > bk

Agt_Init{

My.Speed =( Int(Rnd() *3) +1)*0.1+0.3
My.DefaultSp = My.Speed

My.ViewArea = 3

My.ValueSp = 0

}

Agt_Step{
My.Direction = GetDirection(My.X, My.Y, My.gAX, My.gAY, Universe.Crossing)
My.Speed = My.DefaultSp

if Universe.quick == true Then
My.ValueSp = 0.3
Else
My.ValueSp =0
End if

If My.X >=0 And My.X <= GetWidthSpaceOwn() And My.X >=0 And My.X <=
GetHeightSpaceOwn() Then

=0 7 #HANL T8 5
moveMain()
End If

}

sub moveMain(){
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Dim memoryStandard As AgtSet
Dim ViewAgents As AgtSet

Dim obj As Agt

Dim obj2 As Agt

Dim thr As Integer
thr=0//7 7 % /L K

Dim countSur As Integer
countSur =0

MakeAllAgtSetAroundOwn(ViewAgents, My.ViewArea, False)

HEHOZ— = FED L

MakeOneAgtSetAroundOwn(memoryStandard, 15, Universe.Crossing.defaultstan, False)
NEAHOIKETL— = > NI H L

DelAgtSet(ViewAgents, memoryStandard)

AT — = > FRY B

For Each obj In memoryStandard
if obj.X == My.gAX And obj.Y == My.gAY Then
thr=1
break
End If
Next obj

if thr I= 1 Then
For Each obj In ViewAgents

if Abs(MeasureDistance(obj. X, obj.Y, My. X, My.Y,
Universe.Crossing)) < 0.01 Then

thr=2

break
Else

countSur = countSur + 1
End If

Next obj
End if

ClearAgtSet(ViewAgents)

If thr == 2 Then//ffj 25§
crash()
Elseif My.crashing I=0 Then
nowcrashing()//f&ZEH1 75 & 5 7>
Elseif thr == 1 Then//{%5 |28 <
My.X = GetWidthSpaceOwn() + GetWidthSpaceOwn()
My.Y = GetHeightSpaceOwn() + GetHeightSpaceOwn()
Universe.NormalFinishVal = Universe.NormalFinishVal + 1
Elself thr == 0 Then// H £ DWW o e RRESMI R A TIH 2 5
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if countSur > 0 Then// % LEFUTHED O D IKf
moving(CountSur)
Else//AR AU 72V B

Pursue(Universe.Crossing.Standard(My.gA), My.Speed +
My.ValueSp)
End If
End if
}
}

sub moving(AgtVal As Integer){

Dim exDir As Double

Dim memoX As Double
Dim memoY As Double
Dim memoryDis As Double
Dim memoDir As Double

Dim SurroundingAgents As AgtSet
SurroundingAgents = removeSta()

memoX = Cos(My.Direction) * (My.Speed + My.ValueSp)
memoY = Sin(My.Direction) * (My.Speed + My.ValueSp)

For Each obj In SurroundingAgents
If obj <> My Then
memoryDis = MeasureDistance(obj.X, obj.Y, MyX, My,

Universe.Crossing)

exDir = GetDirection(obj.X, obj.Y, My.X, My.Y, Universe.Crossing)
memoX = memoX + (My.Speed + My.ValueSp) * Cos(exDir) /

memoryDis

memoY = memoY + (My.Speed + My.ValueSp) * Sin(exDir) /

memoryDis

Then

End If
Next obj

memoDir = RadToDegree(Atn(memoY / memoX))
if memoX = Abs(memoX) Then
memoDir = memoDir + 180
End If
if AgtVal == 1 Then
if Abs(memoDir-My.Direction) < 10 Or Abs(memoDir-My.Direction - 180) < 10

My.Direction = memoDir + 20
End if
End if
My.Direction = memoDir
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My.Speed = Sqr(memoX * memoX + memoY * memoY)

Forward(My.Speed + My.ValueSp)

}
sub crash(){
Universe.CountNormalCol = Universe.CountNormalCol + 1
My.Direction = My.Direction + 180
Forward(My.Speed + My.ValueSp)
My.crashing = 1
}

sub nowCrashing(){
Dim SurroundingAgents As AgtSet
Dim memoryStandard As AgtSet
Dim obj As Agt

Dim memoryDis As Double
Dim exdir As Integer
Dim memoX As Integer

memoX =0

if My.crashing == 1 Then
SurroundingAgents = removeSta()

For Each obj In SurroundingAgents
If obj <> My Then

memoryDis = MeasureDistance(obj.X, obj.Y, My.X, My.Y,
Universe.Crossing)

exDir = GetDirection(obj.X, obj.Y, MyX, My,
Universe.Crossing)
o memoX = memoX + memoryDis *
Cos(DegreeToRad(My.Direction + exDir))

End If
Next obj

If memoX >=0 Then
My.Direction = My.Direction + 45
Else
My.Direction = My.Direction - 45
End if
End if
My.crashing = My.crashing + 1
if My.crashing >= 4 Then
My.crashing = 0
end if
Forward(My.Speed + My.ValueSp)

24



Function removeSta() As Agtset{//F: 14 B v i <
Dim ViewAgents As AgtSet
Dim memoryStandard As AgtSet
Dim obj As Agt

MakeAllAgtSetAroundOwn(ViewAgents, My.ViewArea, False)//J& DA NT—2 =
YRR HL

MakeAgtSet(memoryStandard, Universe.Crossing.defaultstan)
B ORI D Er—T = FERY L
DelAgtSet(ViewAgents, memoryStandard)/J&#E—— 7 = > LY fR &

return ViewAgents

}

SmartPhone =— = > |

Agt_Init{

My.Speed = (Int(Rnd() *3) + 1) * 0.1
My.DefaultSp = My.Speed
My.ViewArea = 0.15

My.ValueSp = 0

}

Agt_Step{
My.Direction = GetDirection(My.X, My.Y, My.gAX, My.gAY, Universe.Crossing)
My.Speed = My.DefaultSp

if Universe.quick == true Then
My.ValueSp = 0.3
Else
My.ValueSp =0
End if

If My.X >=0 And My.X <= GetWidthSpaceOwn() And My.X >=0 And My.X <=
GetHeightSpaceOwn() Then

=Y THPANZ HATEIT S
moveMain()
End If

}

sub moveMain(){
Dim memoryStandard As AgtSet
Dim ViewAgents As AgtSet
Dim obj As Agt
Dim obj2 As Agt

Dim thr As Integer
thr=0//7 7 # /L K
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Dim countSur As Integer
countSur =0

MakeAllAgtSetAroundOwn(ViewAgents, My.ViewArea, False)

WEHO=—y = MY H L

MakeOneAgtSetAroundOwn(memoryStandard, 15, Universe.Crossing.defaultstan, False)
WEFEOHERET— = NI H L

DelAgtSet(ViewAgents, memoryStandard)

IEEET— = PR fRE

s LEAPHN O FERH SO HEE LTWAHIARORRE X5 7 7 73T
For Each obj In memoryStandard
if obj.X == My.gAX And obj.Y == My.gAY Then
thr=1
break
End If
Next obj

if thr I= 1 Then
For Each obj In ViewAgents

if Abs(MeasureDistance(obj. X, obj.Y, My. X, My.Y,
Universe.Crossing)) < 0.01 Then

thr=2

break
Else

countSur = countSur + 1
End If

Next obj
End if

ClearAgtSet(ViewAgents)

If thr == 2 Then//{Ej 2=
crash()
Elseif My.crashing I=0 Then
nowcrashing()/f& 22 H1 7> & 5 7
Elseif thr == 1 Then//3% 8@ 8 <
My.X = GetWidthSpaceOwn() + GetWidthSpaceOwn()
My.Y = GetHeightSpaceOwn() + GetHeightSpaceOwn()
Universe.SmartFinishVal = Universe.SmartFinishVal + 1
Elself thr == 0 Then// H £ DWW - e RRESMI A CTIH 2 5
if countSur > 0 Then// & LR FHUZHED N D IRE
moving(CountSur)
Else//f FUZ N 72U

Pursue(Universe.Crossing.Standard(My.gA), My.Speed +
My.ValueSp)

End If
End if
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}

sub moving(AgtVal As Integer){

Dim exDir As Double

Dim memoX As Double
Dim memoY As Double
Dim memoryDis As Double
Dim memoDir As Double

Dim SurroundingAgents As AgtSet
SurroundingAgents = removeSta()

memoX = Cos(My.Direction) * (My.Speed + My.ValueSp)
memoY = Sin(My.Direction) * (My.Speed + My.ValueSp)

For Each obj In SurroundingAgents
If obj <> My Then
memoryDis = MeasureDistance(obj.X, obj.Y, MyX, My,

Universe.Crossing)

exDir = GetDirection(obj.X, obj.Y, My.X, My.Y, Universe.Crossing)
memoX = memoX + (My.Speed + My.ValueSp) * Cos(exDir) /

memoryDis

memoY = memoY + (My.Speed + My.ValueSp) * Sin(exDir) /

memoryDis

End If
Next obj

memoDir = RadToDegree(Atn(memoY / memoX))

if memoX !'= Abs(memoX) Then
memoDir = memoDir + 180
End If
if AgtVal == 1 Then
if Abs(memoDir-My.Direction) < 5 Or Abs(memoDir-My.Direction - 180) < 5

Then
My.Direction = memoDir + 20
End if
End if
My.Direction = memoDir
My.Speed = Sqr(memoX * memoX + memoY * memoY)
Forward(My.Speed + My.ValueSp )
}
sub crash(){

Universe.CountSmartCol = Universe.CountSmartCol + 1
My.Direction = My.Direction + 180

Forward(My.Speed + My.ValueSp)

My.crashing = 1
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}

sub nowCrashing(){
Dim SurroundingAgents As AgtSet
Dim memoryStandard As AgtSet
Dim obj As Agt

Dim memoryDis As Double
Dim exdir As Integer
Dim memoX As Integer

memoX =0

if My.crashing == 1 Then
SurroundingAgents = removeSta()

For Each obj In SurroundingAgents
If obj <> My Then

memoryDis = MeasureDistance(obj.X, obj.Y, My.X, My.Y,
Universe.Crossing)

exDir = GetDirection(obj.X, obj.Y, MyX, My.Y,
Universe.Crossing)

memoX = memoX + memoryDis *
Cos(DegreeToRad(My.Direction + exDir))

End If
Next obj

If memoX >=0 Then
My.Direction = My.Direction + 45

Else
My.Direction = My.Direction - 45
End if
End if
My.crashing = My.crashing + 1
if My.crashing >= 4 Then
My.crashing =0
end if
Forward(My.Speed + My.ValueSp)

}

Function removeSta() As Agtset{//F:E & B V) <
Dim ViewAgents As AgtSet
Dim memoryStandard As AgtSet
Dim obj As Agt

MakeAllAgtSetAroundOwn(ViewAgents, My.ViewArea, False)//J& [ DIEANT— =
Y FERYHL

MakeAgtSet(memoryStandard, Universe.Crossing.defaultstan)
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B4 DM S 2T — = PRV L
DelAgtSet(ViewAgents, memoryStandard)/JE#E - — 0 = > MUY R &

return  ViewAgents

}

[ & (Universe)
) —

@ Universe
¢ @ Crossing
o~ @ defaultstan
0 Standard
SmartPhone

o=
o=

o=

@ Standardvalue
@ NormalValue

@ NormalAgtval

@ NormalFinishval

@ CountNermalCol

@ crashValueOfStartNo

@ Smartvalue

@ SmartAgtval
@ SmartFinishval
@ CountSmartCol
@ crashValueOfStartSm
@ startTime

@ nowTime

@ quickTime

@ endTime

@ Quick

@ result
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Mg —y = )

Y —
@ Universe
o @ Crossing
o- @ defaultstan
o- @ Standard
7 @ SmanPhone
@ D
@ X
@y
@ Layer
i@ Direction
W gA
@ gAX
@ gay
i@ Speed
i@ ViewArea
i@ Defaultsp
i@ crashing
i@ ValueSp
¢ @ Mormal
@ D
@ X
@y
@ Layer
i@ Direction
W gA
@ gAX
@ gay
i@ Speed
i@ Defaultsp
i@ ViewArea
i@ crashing

@ StandardValue
F 72, defaultstan =— > = > MIRZERDOEEO LT 2 S TN D.
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