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ABSTRACT
THE ARCHITECTURE OF FPGA-BASED CONTROLLER SYSTEM ADOPTS FPGA COMPONENT AS THE
FOUNDATION OF THE PROGRAMMABLE HARDWARE OF THE CONTROLLER SYSTEM. IT CREATES AN
INTEGRATED-DEVELOPMENTAL -ENVIRONMENT(SETTING) TO IMPLEMENT THE FOLLOWING FIVE STAGES
0 THE FUNCTION DESIGN OF CONTROLLER SYSTEM, THE BEHAVIOR VERIFYING OF SYSTEM, THE SIGNAL
ANALYSIS OF FAULT DIAGNOSIS, THE IMPLEMENT OF SYSTEM, AND THE ACTUAL OPERATION. THE
ARCHITECTURE OF FPGA-BASED CONTROLLER SYSTEM CONSISTS OF TWO SUBSYSTEMS-- THE
INTEGRATED-DEVELOPMENTAL- ENVIRONMENT AND THE RECONFIGURABLE HARDWARE MODULE. THE
CONTROL FUNCTION EDITOR, LADDER-DIAGRAM-TO-PETRI-NET TRANSLATOR, SYSTEM BEHAVIOR
VERIFIER, FAULT DIAGNOSIS ANALYZER, PETRI-NET-TO-VHDL TRANSLATOR, HARDWARE SYNTHESIZER
AND DOWNLOADER, AND REAL TIME OPERATION MONITOR ARE THE SOFTWARE TOOLS OF THIS
INTEGRATED-DEVELOPMENTAL-ENVIRONMENT. IT PERFORMS SYSTEMATIC MODELING, ANALYSIS,
SIMULATION, ACTUAL OPERATION MONITOR AS WELL AS VERIFYING WITH EFFICIENCY. THUS, THE
ARCHITECTURE OF FPGA-BASED CONTROLLER SYSTEM CAN SERVE AS A OPENING INDUSIAL
CONTROLLER. THE RECONFIGURABLE HARDWARE MODULE OF CPLD OR FPGA IS THE FUNCTION
EXECUTION HARDWARE OF THE WHOLE CONTROLLER. IT CONTAINS THREE SECTIONS: THE
INPUT/OUTPUT SECTION, THE FUNCTION CORE SECTION, AND THE CONTROL SECTION. THE
RECONFIGURABLE HARDWARE MODULE OF CPLD OR FPGA IS NOT JUST AN ON-LINE RECONFIGURABLE
OPENING ARCHITECTURE BUT ALSO A STRETCHABLE CONTROLLER WITH HIGH RELIABILITY AND
ELASTICITY. THE FUNCTION ESTABLISHMENT OF THE CONTROL SYSTEM USES THE STANDARD IEC1131-3
LANGUAGE TO INTEGRATE EACH MODULE OF THE SYSTEM IN ORDER TO DEVELOP A CONCURRENT AND
INTEGRATED WHOLE. THE VERIFYING MODULE OF CONTROL SYSTEM EMPLOYS THE CONCEPT OF
MACRO- TRANSITION IN THE PETRI-NET TO MAKE THE SYSTEM DESCRIPTION MORE ABSTRACT, MORE
GRADATIONAL, AND SIMPLER. AT THE SYSTEM VERIFYING STAGE, THE TRANSITION FIRING SEQUENCE OF
PETRI-NET MODULE IS INFERRED USING THE FSDA. THE TRANSITION FIRING SEQUENCE CAN SERVE AS
THE BASE FOR THE BEHAVIOR ANALYSIS. IN ADDITION, THE REAL-TIME FAILURE DIAGNOSIS, SIGNAL
ANALYSIS, AND FAILURE-TRACING MODULE ARE ADDED IN ORDER TO BE MORE EFFICIENT IN FAULT
DETECTING. THE CONTROL SYSTEM HARDWARE IS IMPLEMENTED THROUGH THE VHDL DESCRIPTION
LANGUAGE. VHDL IS COMPATIBLE WITH MANY OTHER LANGUAGES. IT CAN USE IN DESIGNING THE ASIC
COMPONENT. VHDL CAN MITIGATE AND SIMPLIFY THE TRANSLATION OF THE SYSTEM MODULE TO THE
HARDWARE STRUCTURE. SINCE THE COMPONENT HAS THE CHARACTERS OF ENVELOPMENT, REUSE, AND
EXPANSION, TRANSLATING SYSTEM MODULE INTO VHDL USING THE COMPONENT-BASED TECHNIQUE,
THE EFFICIENCY OF THE TRANSLATION WOULD BE ENHANCED. THE TRANSLATION MODULE IS MORE
INCLUSIVE IN NATURE AND, THUS, THE ARCHITECTURE OF FPGA-BASED CONTROLLER SYSTEM CAN ALSO
BE PROMOTED WITH EFFICIENCY.

Keywords : [
Table of Contents

o0 o00-P1OO0O FPGA-BASEDO DO OD--P621000000--P7220000000--P1022100000--P10
22200000-P10223000--P11O00 0D0O0O0OODODOO-P12310000000000-P123.1.1PLCO

0--P123.1.20 O O (LADDER DIAGRAM)--P133.1300000--P15320 000000000 --P183.21 000000
ob--P18322000000000O--P1932300000000O--P203240000--P21330000000O0000O00O0O
0--P2233100000000-P23332000000--P25333000000000--P280 00 000O0O0OO0O--P31
410000-P31411000000--P324120000--P33413000000000O--P3742000000--P384.2.1



000000--P39422000000--P42430000000000--P4443100000000-P45432000
0--P464.33000000--P47000 00O00--P4951 00000 0VHDLO--P4951.1 000000 0-P505.1.20
000--P5351.30000--P5651.40000--P565.1.50000--P585.20000--P62000 00--P67 000
0--P70 O O A--P74

REFERENCES

oo0oOoCoOo[1)oobo,000,000,0000000000DO,0000000DO0O00O,19%00
[21000,00000000000000,0000000000D000, 19900

[3]0C00,"000PLCOIEC1131-3"0O0 000,800, PP.170-173, 0 0 19970 O
[4]000,"PC-BASEDO 0 O0-00000O0" 000000, PP.87-93, 001990 O
[5]0C0,000,000,000,000,"PC-BASEDOO0O0OOOOOOOOOMO0000 O0O,PP115-122,00199800
[6]0C0O,"00PC-BASEDO 00 OIOOOOO"OOOO,PP.102-106, 0 O 19980 O
[71CC0,"DSPOOPC-BASEDOOOOOOOO, OO0COOOO,PP115-122, 00199800
[glCC0OC0O0O0O0OO,PCBASEDOIOIOOO,000OO0OOOOOOO, 199500
[gj0D0O,"000000000O0OO000bOoOo0ooooOoooooboo"O0bo0ooboooLo, D oooooooD,ooooDog,
199601 O

[10]000,00000000000,0000000000,199300
[11]0000000D000,0000000000DODO00,0000D00000,199800

[121000,00000000 0000C0Ow00,0000000000,00199900
[131000,0000coM,0000000D000,0020000 O00O00OOO [14] E. WAL, "INTRODUCTION INTO IEC 1131-3 AND
PLCOPEN," IEE COLLOQUIUM ON THE APPLICATION OF IEC 61131 TO INDUSTRIAL CONTROL: IMPROVE YOUR BOTTOM
LINE THROUGH HIGH VALUE INDUS -TRIAL CONTROL SYSTEMS, PP 2/1-2/8, 1999.0

[15] M. MASLAR, "PLC STANDARD PROGRAMMING LANGUAGES: IEC 1131-3," IEEE CONFERENCE ON PULP AND PAPER
INDUSTRY TECHNICAL CONFERENCE, PP. 26-31, 1996.0

[16] C. P. JOBLING AND L. W. LEWIS, "PROGRAMMING INDUSTRIAL CONTROL SYSTEMS USING IEC 1131 -3," IEEE
COMPUTING & CONTROL ENGINEERING JOURNAL, VOL. 73, PP 135, JUNE 1996.0

[17] E. WAINGOLD, M. TAYLOR, D. SRIKRISHNA, V. SARKAR, W. LEE, V. LEE, J. KIM, M. FRANK, P . FINCH, R. BARUS, J. BABB,
S. AMARASINGHE, AND A. AGARWAL, "BARING IT ALL TO SOFTWAR -E: RAW MACHINES," IEEE COMPUTER, VOL. 30, NO.
9, PP.86-93, SEPT. 1997.01

[18] MENCER, M. MORF, M. J. FLYNN, K. L. POCEK, AND J. M. ARNOLD, "PAM-BLOX: HIGH PERFORMA -NCE FPGA DESIGN
FOR ADAPTIVE COMPUTING," PROCEEDINGS OF IEEE SYMPOSIUM ON FPGAS FOR CUSTOM COMPUTING MACHINES, PP.
167-174,1998.00

[19] C. P. HWANG AND C. S. HO, "A KNOWLEDGE-BASED TASK-LEVEL PROGRAMMING AND EXECUTION ENV -IRONMENT
FOR ROBOTS," INTERNATIONAL JOURNAL OF ROBOTICS AND COMPUTER-INTEGRATED MANU -FACTURING, VOL. 12,
NO. 4, PP. 329-351, 1996.0

[20] INTERNATIONAL ELECTRO TECHNICAL COMMISSION, "IEC 61131-3, 2ND ED., (PROPOSED) PROGRAM -MABLE
CONTROLLERS-PROGRAMMING LANGUAGES," PLCOPEN, HTTP://WWW.PLCOPEN.ORG/, 1997.0

[21]J. L. PETERSON, PETRI NET THEORY AND THE MODELING OF SYSTEMS, PRENTICE -HALL, ENGLEWO -OD, CLIFFS,
N.J., 1981 [22] A. A. DESROCHERS, AND R. Y. AL-JAAR, APPLICATIONS OF PETRI NETS IN MANUFACTURING SYST -EMS,
IEEE PRESS, NEW YORK, 1995.0

[23] M. ZHOU, PETRI NETS IN FLEXIBLE AND AGILE AUTOMATION, KLUWER ACADEMIC PUBLISHER, MASS -ACHUSETTS,
1995.00

[24] K. VENKATESH, M. ZHOU, AND R. J. CAUDILL, "COMPARING LADDER LOGIC DIAGRAMS AND PETRI NETS FOR
SEQUENCE CONTROLLER DESIGN THROUGH A DISCRETE MANUFACTURING SYSTEM," IEEE TR -ANSACTIONS ON
INDUSTRIAL ELECTRONICS, VOL. 41, NO. 6, PP. 611-619, DEC. 1994.00

[25] M. ZHOU AND Y. ZHUANG, "CONTROL LOGIC DESIGN WITH PETRI NETS FOR INTEGRATED MANUFACTU -RING
SYSTEMS," PROCEEDINGS OF THE IEEE INTERNATIONAL CONFERENCE ON SYSTEMS, MAN, AND CYBERNETICS, VOL. 2,
PP. 986-991, 1992.0J

[26] M. UZAM, A. H. JONES, AND N. AJLOUNI, "CONVERSION OF PETRI NET CONTROLLERS FOR MANUF -ACTURING
SYSTEMS INTO LADDER LOGIC DIAGRAMS,"” PROCEEDINGS OF IEEE EMERGING TECHNOLOG -IES AND FACTORY
AUTOMATION, VOL. 2, PP. 649-655, 1996.0]

[27] P. JACKSON, INTRODUCTION TO EXPERT SYSTEM, ADDISON WESLEY, ESSEX, ENGLAND, 1999.00



[28] G. F. LAUGER AND W. A. STUBBLEFIELD, ARTIFICIAL INTELLIGENCE, ADDISON WESLEY, ESSEX, ENGLAND, 1998.00
[29] J. KOLODNER, CASE-BASED REASONING, MORGAN KAUFMANN PUBLISHER INC., SAN MATEO, CA, 1993.00

[30] C. H. ROTH, DIGITAL SYSTEMS DESIGN USING VHDL, PWS PUBLISHING COMPANY, BOSTON, 1998.00

[31] J. BHASKER, VHDL PRIMER, PRENTICE-HALL PTR, NEW JERSEY, 1999.0

[32] XILINX INC., THE PRACTICAL XILINX DESIGNER LAB BOOK, PRENTICE-HALL PTR, NEW JERSEY, 1998.0

[33] XILINX INC., FOUNDATION SERIES 2.11 QUICK START GUIDE, XILINX INC., 1999.00

[34] T. WILLIAMS, "REUSABLE COMPONENTS FOR EVOLVING SYSTEMS," PROCEEDINGS OF IEEE SOFTWARE REUSE ON
FIFTH INTERNATIONAL CONFERENCE, PP. 12-16, 1998.01

[35] M. L. GRISS, "ARCHITECTING FOR LARGE-SCALE SYSTEMATIC COMPONENT REUSE," IEEE TECHNOL -OGY OF
OBJECT-ORIENTED LANGUAGES, PP. 8-16, 1998.



