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how to generate controller logic automatically?
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Proposed Solution
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Experiment

Iili.l Conveyor-Gripper
system.

Major components in the
simulation model are
conveyors, gripper and
robotino.
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Simulation model of
system is developed using
Visual Components.

Event log is recorded

ﬁ,)& via OPC UA
Communication
protocol
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Figure. Simulation in Visual Components
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Simulation in Visual components
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Process discovery from event log

a)

Caseld, State, TimeStamp, Component, Signal, Value

1000000000, 3.822, Conveyor_ Robotino, create_new_cup_cmd, True

1100000000, 3.822, Conveyor_Robotino, run_cmd, True

1110000000, 3.822, Conveyour3, run_cmd, True
8
&)

-

M

ComeyouridstectsdiBadWorkPiecel 1110902000 Comveyour3jun_cfalsel 1100002000

M

1110001000,
1100001000,
0100001000, 10. Conveyor_Robotino, create_new_cup_cmd, False /
0000001000, 10. Conveyor_Robotino, run_cmd, False “”'“*“‘ﬂ‘?‘““"““ )
0001001000, 10. Gripperl, extend_cmd, True [ o
0001001100, 10. Gripperl, extended, 30.0 andfmmmmf/‘;
0001101100, 11. Gripperl, close_cmd, True ot

0001101110, 11. Gripperl, closed, 0.0 Event log — Alpha

0000101110, 12. Gripperl, extend cmd, False csv algorithm i | /
0000100110, 12. Conveyour3, detected, False /‘M
0000100010, 12. Gripperl, vertical_retracted, 0.0 ® ® ® ®
0001100010, 13. Gripperl, extend_cmd, True Event log — Petri net
0001101010, 13. Conveyour3, detected, True XES

0001101110, 13. Gripperl, extended, 30.0

0001001110, 14. Gripperl, close_cmd, False

0001001100, 14. Gripperl, opened, 5.0

0000001100, 15. Gripperl, extend_cmd, False i i . : = i e
0000001000, 15. Gripperl, vertical_retracted, 0.0
0010001000, 16. Conveyour3, run_cmd, True
0010000000, 16. Conveyour3, detected, False
0010010000, 17. Conveyour4, run_cmd, True
0010010001, 20. Cameral_sensor_c4, detected, empty
0000010001, 20. Conveyour3, run_cmd, False
0000000001, 20. Conveyour4, run_cmd, False

M

Conveyour3, run_cmd, False ’ fmeyor Robotinol
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Controller FB Interface

a)
Process Model Controller Function Block

Conveyour3_detected_BadWorkFlece  Conveyor_Robotino_create_new_cup_cmd True [24-3r® YR 2
Conveyour3_detected_True Conveyor_robotino_create_cup_cmd Fase
Conveyour3_detected_Fase Conveyor_Robotino_run_cmd True
Q I Gripper1_extended 30 Conveyor_Robotino_run_cmd_Faise

EVENT
EVENT
EVENT
EVENT
EVENT
Gripper1_vertical_retracied 0 Gripper_extend_cmd_Tne EVENT

Cameral_sensor_c4_detected_emply Conveyor3_run_cmd_True —
Gripper1_opened 5 Gripper_extend_cmd False [— EVENT

Gripper1_closed 0 Conveyor3_run_cmd_False

Gripper_close_cmd_True EVENT

Gripper_close_cmd_False EVENT

Conveyor4_run_cmd_True EVENT

Conveyord_run_cmd_False EVENT
R

° - g
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ECC generation from Petri net

Conveyour3|detectedBadWorkPiece| 1110982000 Conveyour3jrun_cw@ifFalse|1100002000 Conveyor_RobotinpR2eate_new_cup_cmd|False|

Case (from Fig/7) Pattern

Conveyor_Robotinolcreate up_cmdTrue|10000

d|False|0000902000
Conv_Robotino_Run_Cmd_True

Grippertlext

-~ Conveyor3_detected_Bad_Workpiece S

110000000 :

Conveyour3jrun

Transformation Rule

Conveyour3/detd

dlempty|0010010001

p27 Conveyourdfrun_cmiilFalsel0(

Conveyor_Robotino|create_new_cup_cmd|False|0100001000 UL
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IEC 61499 Controller
Generator

File Convert About

Finite State Machine (.graphml)

Plant Model Basic Function Block (.fbt)

k 2xml version="1.0" encoding="UTF-8"?>
<graphml xmins="http://graphml graphdrawing.org/xmins">
<key attrtype="string" attr name="1abel" for="node" id="label"/>
<key attrtype="string" attrname="Edge Label" for="edge" id="edgelabel"/>
<graph edgedefault="directed">
<node id="q0">
<data key="label">q0</data>
</node>
<node id="q1">
<data key="label">q1</data>
</node>
<node id="q2">
<data key="label">q2</data>
</node>
<node id="q3">
<data key="label">q3</data>
</node>
<node id="q4">
<data key="label">qd</data>
</node>
<node id="q5">
<data key="label">q5</data>
</node>
<node id="q6">
<data key="label">q6</data>
</node>
<node id="q7">
<data key="label">q7</data>
</node>
<node id="q8">
<data key="label">q8</data>
</node>
<node id="q9">
<data key="label">q9</data>
</node>
<edge id="e0" source="q1" target="q2">
<data key="edgelabel">C_conveyer_To_stop</data>
</edge>
<edge id="e1" source="q2" target="q3">
<data key="edgelabel">52_conveyer_stopped</data>
</edge>

<xml version="1.0" encoding="UTF-8"?>
<IDOCTYPE FBType SYSTEM "hitp//www holobloc com/xml/LibraryElement dtd" >
<FBType Name="CONTROLLER">
<Identification Standard="61433-1-A.1" />
<Versioninfo Organization="PSU" Version="0.0" Author="RMA" Date="23-08-2022"
Remarks="XML version" />
<InterfaceList>
<Eventinputs>
<Event Name="NDT" />
<Event Name="C_conveyer_To_stop" />
<Event Name="S2_conveyer_stopped" />
<Event Name="C_gripper_Go_down" />
<Event Name="S3_gripper_At_bottom" />
<Event Name="C_gripper_To_close" />
<Event Name="C_gripper_To_release” />
<Event Name="5S4_gripper_Closed" />
<Event Name="54_gripper_Opened" />
<Event Name="C_gripper_Go_up" />
<Event Name="S5_gripper_At_top" />
<Event Name="S1_cup_detected" />
</Eventinputs>
<EventOutputs />
</InterfaceList>

qG x= 1000 i 2000 5
<ECState Name="q7"
<ECState Name="q8"

4" Destination="q5" Condition=
5" Destination="q6" Conditior
<ECTransition Source="q5" Destination="q7" Condition="C_gripper_To_release" />
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I[EC 61499 Controller FB

1

| Conveyor_Robotino_run_cmd_True
Conveyours 4 [Corweyar_Robotino_creste_new_cup_cmd_Troe |
Conveyor3_run_cmd_False | Conveyor3_run_Cma—Tre
Gripper_extend_cmd_True | I’

. Cmveyof_rubmiw_cme_cup_cvrbd_.CBL‘l’eY°“’3—d CoNeo0 =
Conveyour3_detected_BadWorkPiece Cuvveyu_Roboﬁno_gue_uw_wp_ard_Tu Gripperl_exten. = e i reyor3_run_cmd_f |
Conveyour3_detected_True Conveyor_robotino_create_cup_cmd False Conveyor_Robotino_run_cmd_f Conveyord_run_cmd_False |

Conveyour3_detected_Fase Conveyor_Robotino_run_cmd_True Camer!_ e

Gripper1_extended 0 Conveyor_Robotino_run_cmd False |-
Cameral_sensor_c4_detected empty Conveyor3_run_cmd_True . Gripper_close_cmd_True

Gripper1_closed 0 [ JConveyor_robotino_create_cup_cmd_False Conveyor_run_cmd_Trie
Grippeﬂ-venicd retracted 0 i xtend_cmd. or_Robotino_run_cmd_False
Grippeﬂ:opened__S - ipper_extend_cmd_False | Gripperl_close %‘1

Conveyour3_d.

it e

St i e [ [Gripper_extend_cmd_False

Conveyor4_run_cmd_Fase (-
R Conveyour3_d..

|:I ‘:‘ [ JConveyor3_run_cmd_True

Gripperl_vertic . Gripper1_vertic

[ [Gripper_extend_cmd_False
Gripper_extend_cmd_True

Gripper1_open

.——anpeﬂ_exlen —b.— Gripper_close_cmd_False

Conveyour3_d
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Generated IEC 61499 FB of Controller

Conclusion
Derived Petri net helps to understand the process
logic
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Future plan

Migration : IEC 61131 to
61499

Optimal ECC generation

Formal verification

Enabling timing feature
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Thank you
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ECC generation from Petri net

Case (from Fig/7) Pattern
Conveyor_Robotino|create_new_cup_cmd|False|0100001000

Grippert|extended|20.0/0001001100

Conv_Robotino_Run_Cmd_True

Conveyor3_detected_Bad_Workpiece S

=

Transformation Rule

Conveyor3_detected_True

Conveyor_Roboi onveyor_R _new_cup_cmd|True|

Conveyour3|run_ct

€}0010002000

Xpper1|vestCal_retracted|0.0/0000001000
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