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Petri Net Based Flexible Control of Industrial Robots for Intelligent Manufacturing Systems

YASUDA Gen’ichi and NozAKI Hiroyuki

This paper presents a Petri net based control scheme for flexible control of robotic manufacturing

systems. The experimental system is composed of one five-degree industrial robot and several conveyors.

The conveyor system transports workpieces sequentially into specified working places, and the robot

handles them to build up a product synchronously with the conveyor system. All of the concurrent proc-

esses in the system are defined and represented using Petri nets. The control software for discrete event

robotic manufacturing processes is implemented in Visual Basic language. Experimental results of sys-

tem operations are presented to show the effectiveness of the proposed control scheme.
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Private Sub RS232CForm_Load (ByVal sender As System.Object, ByVal e As System. EventArgs)
Handles MyBase. Load

With ComSerialPort
. PortName = “COM1”
.BaudRate = 9600

" SE{EAR— b (%COM
' SR{SEE Sbps

.DataBits = 7 " FARIFEY
.Parity = 10.Ports. Parity. Even PN TF 4 TF Ty OB
.StopBits = 10.Ports. StopBits.Two ' A kv JEw k&

VAN Nk v [ VAR 7% 5 74
.Handshake = 10. Ports. Handshake. RequestToSend
.RtsEnable = True " RISSA VEHMZT S
End With
End Sub

" SE{ERAAButtondClickA N2 kN YV ES
Private Sub ConnectButton_Click (ByVal sender As System.Object, ByVal e As
System. EventArgs) Handles ConnectButton. Click
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Try

ComSerialPort. Open ()
Else

ComSerialPort. Close()
End If

Catch ex As Exception

MessageBox|con. Error)
End Try
End Sub

" SBEER— FABWLTW SN E S hDFIE
If ComSerialPort. IsOpen = False Then
" OBER— R ERISEDMIE
ConnectButton. Text = “j@E{SfEi"
" ORER— L EONT AI550M0E
ConnectButton. Text = “;@{SEAsA"

" OEER— ~OER - UIEKO LS —0E
MessageBox. Show (ex. Message, “$##iT5—", MessageBoxButtons. OK,

" SRER— bERC

" OEIER— &Yk

[23 ) 7 VEE ORI - FIETE 7T LD

BTE, INeRKREHET D LINERH S F <
b, A<V FEEFIEOF % K2LIIR T, FH
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H22127R T o
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DEITAT v TNDFEHHEEIT)o SHIZZED
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(1) > 7 VBEERLE - 1k

=B EDVY TIVBEDRER Y-
PICAbE TR Lz, $72, BEORKBBLT
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Sk L7z, 7027 T 0% K231R T,
(2) v—=rrHoAHI) L —IKEOFHH L
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REREL, BER— IO TWERE) P EH
ELCHHBG 1EEE2ETTA LI, &
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" EEHBAIAButtondClick4 A2 RNV RS

" EfER—
If ComSerialPort. IsOpen Then

If 10RelayButton. Text =
|0RelayTimer. Enabled = True
Else
End If
Else
MessageBoxButtons. 0K, MessageBox|con. Error)

End If
End Sub

Private Sub IORelayButton_Click(ByVal sender As System.Object, ByVal e As
System. EventArgs) Handles I0RelayButton. Click

ATV DN E 5 DD HIE

“RHiBASA” Then
10Re layButton. Text = “EEHifE1E"

10Re layButton. Text = “ZxHiRasA"
|0Re layTimer. Enabled = False

MessageBox. Show ("B{EMBAASh TLEEA",

RETS—,

R BABAButtondTimer _TickA N> kv

Handles |0RelayTimer. Tick

Try
SendDataTextBox. Text = “ “

T2 M%E
SendDataTextBox. Text &= Command

Catch ex As Exception
| EET S —ROMRE
MessageBox. Show (ex. Message,
MessageBox | con. Error)
End Try
End Sub

rS

Private Sub I0RelayTimer_Tick (ByVal sender As System.Object, ByVal e As System. EventArgs)

Dim Command As String = “@00RR0000000444x"

ComSerialPort. WriteLine (Command & vbCr)

RETS—,

MessageBoxButtons. 0K,

M24 A L—Ik

(3) SMHE
FHHEDT-OIL, FTavy FICHT 5I0%
DIIRANFE L 72 B, Visual Basic 123> T System.
IO.Ports.SerialPort 7 5 A TD T — ¥ ZED -0
DataReceived 4 X F Ca< v FREEIIH T4
BT — 5 #HU4R U724, Delegate A7 — kX k
& Invoke XV v FERMHLTa Y bu— L&
BL7ZzALVy FRIFUHL, 74— LOTF A

NR Y 7 AR EDORT 2 — FREENE (AH
) L—REAR L) OFFA N -V 2FRSE

720
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BINa X7 ETOA, B, CORMENE Sz
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LFEIRLT B OWTIERFTEBRELZ 412
FERHCFTR Lo 70T LB % F2515RT
(4) EERBANG - F1LTRS B L O EROBIE
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" FYS— R IDER
Delegate Sub RecieveDataDelegate (ByVal RecieveData As String)
Private RecieveData As String

CFUS— RO TRY Uy EEE
Private Sub SetRecieveData(ByVal DataString As String)

If Microsoft.VisualBasic. Left(DataString, 5) = “@00RR” Then
RecieveDataTextBox. Text &= DataString & vbLf
RecieveNewDataTextBox. Text = DataString & vbLf

Elself Microsoft. VisualBasic. Left (DataString, 5) = “@00FK” Then
RunStopRcvTextBox. Text &= DataString & vbLf
RunStopNewRcvTextBox. Text = DataString & vbLf

Else
OtherDataTextBox. Text &= DataString & vbLf

End If

End Sub

'TUS—FROES
Delegate Sub CondljudgDelegate (ByVal Condljudg As String)
Private Condljudg As String

'FUFS—FROTOV Uy EEE
Private Sub SetCondljudg(ByVal Condl judgString As String)
If CondljudglLabel. InvokeRequired Then
Dim d1 As New Condl judgDelegate (AddressOf SetCond1 judg)
Cond1 judglabel. Invoke (d1, New Object() {CondljudgString})
Else
Cond1 judglabel. Text = Cond1 judgString
End If
End Sub

(& 2~4 £, R

" SerialPorta > kA—)LMDataReceivedf N> NV K5
Private Sub ComSerialPort_DataReceived(ByVal sender As Object, ByVal e As
System. 10. Ports. SerialDataReceivedEventArgs) Handles ComSerialPort.DataReceived

" TS FROEHDOES LER
Dim recieve As New RecieveDataDelegate (AddressOf SetRecieveData)

MU LOKRERERRT 5-00EZEHE
ComSerialPort. NewLine = vbCr

Try
| TAMRIE
RecieveData = ComSerialPort.ReadLine

Catch ex As Exception
| RETLZ—HOLE
RecieveData = ex. Message
End Try

T FYS— RO TR =D v ERUHY
Invoke (recieve, RecieveData)

" ROBYERAIE D E I
" FUS— M OEROES LR
Dim condl As New Condl judgDelegate (AddressOf SetCond1 judg)

Condljudg = “

If RecieveData = CondilLabel. Text And 01KeepCheckBox. Checked Then
Cond1 judg = “0KI1”

Else
Cond1 judg = “bad...”

End If

CFUS—FROTAY -y EFUHT
Invoke (cond1, Cond1 judg)

(&2 ~4% Fik)
End Sub

P25 SflE T a7 I Lof)
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s@sRRAsAButton_Clickd N kY KD
Private Sub SeqRunButton_Click (ByVal sender As System.Object, ByVal e As
System. EventArgs) Handles SeqRunButton. Click

Dim RunCommand As String = “@00FKCI0 000000000000000000502D%"

Dim RunResetCommand As String = “@00FKCIO 0000000000000000008020+"
Dim StopCommand As String = “@00FKCI10 000000000000000005002D+"

Dim StopResetCommand As String = “@00FKCIO 0000000000000000080020+"
Dim n As Integer

Dim RT As Integer = 10000000

" SBIER— FASBNTLEMNE I DDFIE
I ComSerialPort. IsOpen Then

Try

RunDataTextBox. Text = “ “
StopDataTextBox. Text =

" F—AmEE
If SeqRunButton. Text = “5EZF&EASR" Then

ComSerialPort. WiriteLine (RunCommand & vhCr)
RunDataTextBox. Text & RunCommand

ROV Y RRERY AT GEEIT Y FOLARY RZERITEET S)

n=0
Do While n <= RT
n=n+1

If n>RT -1 Then
ComSer ialPort. ViritelL ine (RunResetCommand & vbCr)
SeqRunButton. Text = “jEix{Eit”

End If

ComSerialPort. WriteLine (StopCommand & vbCr)
StopDataTextBox. Text &= StopCommand

RO YY REER2A T ELEIT Y FOLARY RARERITEET D)

n=20
Do While n <= RT
n=n+1

If n > RT = 1 Then
ComSer ialPort. WiriteLine (StopResetCommand & vbCr)
SeqRunButton. Text = “;&E&xfII4"
End If
Loop
End If

Catch ex As Exception
" R EIS—HOLE
MessageBox. Show (ex. Message, “#{ET5—", MessageBoxButtons. OK,
MessageBox | con. Error)
End Try

Else
MessageBox. Show (EEABIESh TLERA", "RIETT—",
MessageBoxButtons. OK, MessageBoxlcon. Error)

End If
End Sub

[M26 SEFERMGEIERY Ik AEERS T a s T L 0f)
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" EHHE R D BIE
If RecieveData <> “@00RR00020110200088000141%" Then

GEERRAIA/fFIEPB [k BEMEIER TR I S L)

Elself Condljudglabel.Text = “0K!!” Then

ComSer ialPort. WriteLine (RunCommand & vbCr)
RunDataTextBox. Text &= RunCommand

"BRavy NEER2AT BEREaAYY FOLAKRVRAZFERITEET )
n=0
Do VWhile n <= RT

n=n+1

If n>RT -1 Then
ComSerialPort. \iriteLine (RunResetCommand & vbCr)
SeqRunButton. Text = “EER{E1L"

End If

Loop
End If
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