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— A Study on the Knowledge-based PLC Ladder
Programming System -
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Abstract

In this paper, we present the application of knowledge-based system technique for generating of
PLC ladder diagram. The developed prototype system receives a time chart as an input and
generates a ladder logic as its output. This results in the computerization and intellegent processing
of PLC programming. The system can be effectively applied to sequence control where the PLC
programs need to be frequently changed and generated.

1. A|E

AAZTA FA =€ CIMe] A8 FFES 171538 PLC, PLCHY] YEH I, 4F HAA9 1&
Adxe] oY oL AMAZHLZ dHN: FY LZEHo)Z 7153 A=, o LA
M, =golE g H&dd A2 AR AoldtE PLCE "¢ 348 8439 sh}o)g[l]. ojg ¢
PLC ¢ Z2a#f34ade AzAAde 149 2239 2o(loader) ¥ E319 o)FojAt} 1} o
YL REHQ YL AT RoA EAFE WEHT Utk A T2 aHojd gEHr] i
YPHE 20y HeY T2ade] HEYACl U3, 4 AR @& A 34 719
g Bagel ARl odHY, A &Y MojgaANe dHT=adge] EPPR ALY EET)
. ada AR J& Zzadg A2"Ee oj7|1F PLC 789 23 8] ofy:, H47]
TE gAY A¥E AU7|Fo] Uojd el =2 ad2ur) uiRe] FHe ZEF ALY F gl 7
&9 T2aYPL A Y 4 e BALE ST ol GHE FHII HAMEs Z2adgny H
EX43 PLCY 71%5°] @4 o]48 & dx Wyol 8 7dY PLC =23 #¥d d75%&
498d s g

Krogh $} Ekberg © AH#A7} Aojhd A2de) & ad A (high level language)F = A &3t
g FHU Ag@ WEE IEC 749 ILL(nstruction isPH2Z AFHARE Fo A2dE TEIHIYT
[2]. Devanathan® F2¢ ¢ABAF AMoj849 ON/OFF 4H2 FEWE STD(state transition
diagram)@& o] 83l AR F <YHHL YP& ALY AINTF 7Y o83 HAY=A& P43
T N29& $EHIYG3E] o] A2ade Ao YHZ FH(rule)d o8¢ F37]¥tAl A s (rule-based
system) °o|t}. o] AFE QAFA Y ¥ T2azYe JFEHR F94¢ 2NHUYY. Gunasena
9} Lehihett AEZeE F4o FEYFE AL FHUed 938 TRE o431y FX79 A% P
ARE, 5374 FAF 2= YA s, JS¥olsd2 59 AR YHATHY) o] A2ge 2
FTX%F 71ge] obd 71&ES A (procedural) 2ol W7 (translator) & 018319 YE€ARE A
Z2I@oZ 98 P8
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Mizutani®t 19} A7EL T2 4344, FH34EAR 4 FF8L 292 FFLLE A3
= Aojas@ Hol#(table) A2 Y] WFHo=2 ov|Y(semantic network)E FHHL EH
& ol42q Horiolol 2P & T3 = E7] W3 B(model-based reasoning) & °]-&3}AHS5]

FUAE 4 AFAEz edold AEe e B AFE 3 oy PLC T2
71€9) B AFE ¢ UG 53 ATAFY A7) A2 4W(knowledge-based system) 7l&
o] PLC Z2a3 &2 A9 gle 4Holn.

B Q7NN E 29EAE FA%E Ao FFd #¥E HIYAEZRE JYFHA o)F Hd= A
@ ¥ PLC #ddelojadg AF¥ez2 PP}t AY7E Al2g¢ Z=EeY(prototype)& A L3I
.

2. Asd As3t ric Z2aH4Y AlAa™o JIsAA

AES] PUAFI)7E FelA R Aojsobg thde] Beld 487 AU A A AL AL
€ BA4& FAAZ ¢ At 22 % G PLC T2 49 do2dga o|83e 3
FANE 989R87} 62 Adieleja@o 2 FPHA TFELLY FF €AY TFL4Ls &
Y Aojasd B FRe U2 AYHA der. € dF7ME A¥Y PLC AeZ=aHh7 A
2o} ZRojo} & JIFoE g o] A}NAH.

AA, 8 tolo] 2P (NLD:neutral ladder diagram) 71 & =&e d4d PLC 2] &3
o A Y & YRS Yrt. o] J1FE AritelojaRe J(ung)d YEY =A== B =
oo ez A9 He AE F3v AYE NLDE 2#H(graphic)2.2 &Y= 54 gl&¥oi=Hy
27t 52 ARy} ol ¢ &L T FR W=HFY P o1 HE=S] JF W
o A% Z2aRY& 71E8A Ste Aoz 71EY FEAN2dAN Adde YR a2

A4, A299 Y¥ALE HYREY FUHAE FRE . 07|52 £ MY AANM A &3E &
YREY Ad2E F4E LAY HE Aot olF A HIXREY FIAF £A4FA ArE
G2E(text) FHZ A€o YY3A .

AR, z2a979 AE7HY ZYol A dIHe FEZIYE ol83d A2dY A& FUH=E
£ 3. olF A3 £ AFME 7IEY AYE w2 EAF AP AR FE/HE A
o2 q ol ¢IAAH. ol FHIWALH (rule-based system)e] Ze SE=EAEF /AHEH €
5 SAtH6).

3. =49 7YYL EAXE(time chart)

B QFNM ggez e =y0e ¥ X(clamp), 7}ol=(guide), ¥ 7](ejector), £ AU (welding
gun), A#HA(gun latch), B#olA(brake) 1282 &% ZR(welding robot)5¢ FFEL4LZ FAHY
A 2g=EA FRAH £ 2dFE A3} fART A I FHRAELE FF 24F), T
dd 283 ¢dxo)=guFy Aojasd oA £aAof Helxl=d PLCZZ L o] AMojas
F Ardololnqe He J&¥oez FHHA g} YP8 L2+ AYe ANER o AAHE
Y H7]7](operating device)st TAREFLY F3@A o AYsle= HE YY) 7 (sensing
device)2 FEF 3, €9717]¢ BAF EANHF= EANSY7]7(displaying device)s} /¥ REE 4
A2 FRNAFE TF&Y 717 (actuating device)z2 FRET.

olgl¥ Y4 PLCEZzadYA[YA AEHE ARe BYXRE(time chart)olt). §UREAE &
dAE FHHE I 2287 o] 8489 AYHS U= U771 AMNE TS FAETY Fd
£X49 &4 FA =gEH AT YEFUII BARTR. d&9 Figl € SHUXER RAF2 3
. & dFqAE ol g BYtEY Yge] A2 ¥ARIL HE  FHHd.
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olsjzto] Ao Aol £AE EUY EIYAES UAE YRF UNYe2 AN2dd Y2EYHE @
&4 A2dd Nedid dRHB. onf U¥HE AuE A FERLY FFH, 4 FEL2E ¥R F
Ao €4, 4FR AAY 95 A T3 FALE YEYI|7o) @ BEoIH

/ TIME CHART \
. Time (Sec) Input Qutput
Unit Action . P
10 20 30 40 50 60 device device
Clamp Clamping A g—g}::g; SOL_Clamp
Unclamping Lus_g:z :::g; SOL_Unc lamp
Gun Advance LS_GunAdvance | SOL_GunAdvance
Gun Middlel , LS_GuuMiddlel
Gun ’
Gun Middle2 [~ ” LS_GuaMiddle2 | SOL_GunReturn
Gun Return LS_GunReturn
Eject Up et l—\ SOL_EjectUp
Ejector
Eject Down

\Z

4. AR Eof ot pc Z2OAY

PLC 29 AL/ Aol HES 4R AYE vz N2 22aP¢ I3 &9
o 71Fol viAGAE FAY Z2aRYAAHNN ST NY§ viFozd z J|FY Z2IRE
ZsAd. olAE ALY EANEAAE 2d2 weirte FHFHA2E) AHA PLCERIY
U3 AP FEAYL a2 §AHEN T2y U TR HARF )Y & e oe
PLC Z2a#4e AYAEE FUNZE & Ath & A7E 53 AL =226 AY7d A=d
o] 2892 e2 Apa7)43»E(CBRicase-based reasoning)& A& A} ol VA Zza#vist 4
Z2¢ PLCZ2adL FHAY W, #A AP3HAd dAvidelolads =AM £330 ks ¥y
£ 448 Roirt. AHIINREL FA BFYRYD HEE Aol 2(case base)o] AFH ¥ A=
& EAZ ASA =HY AAY AHN2 FEH AR FAE AdE FEa old HARA HE
(adaptation)A| AN FoiF EAE MA@t $Heitt6l tHEe] Fig2 & A7 g ddHd =
X0l

SOL_EjectDown/

Fig.1 An example of time chart for assembly cell

4-1. At2f(case)e| X|AEH

ALY AHARFEIHeE EAE FVAME FAGH ol Aldl(case)R A1 A4 EH] H
83t Zt Al Al (problem)st sfi(solution)o] B FEEF AAHI o] Agdicd BLE &4
(property) €& 7 (object)d ol-&3le] FH=Z AHFEHo) 7Heditt. £ AFAME YR E Q@
He W& FAMNEGHE o]83a EIUAEY HPGE #dritielo]1@ (AT HE LR e Al
2§ A (case object) Z FARY A4 W o] (knowledge base)d T3 Q.
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EAXNERE BYRES B AL 7Iedtcd 2949 FAHR_L9 AF, FHLL9 olF, T4
S4F%, &4 340 ¢4, FHE e 4897714 WA 5] AT

A e HRrPoie Hogolola@ el A HH Yei(feature), YHEARY FPY FE, L3
Bl Z¥EHe At

Case Store ‘L‘“ 1gn
memory indices

!upl.n Retrieved New Fai lure .
indices case case description

Assign .
li)zput indices Retrieve Adapt Test Explain

Proposed
solution

Causal

New .
solution analysis

Indexing Similarity Adaptation Repait Repair
rules metrices rules rules

Fig.2 Decision flow of case-based reasoning

4-2. A 0| A {case base)

Aol 2 x4 W o) 2(kowledge base)= A At#] MAHYA HFE& T3 AAHQ T4 (search)
ol ZbEditt. € AFAME 7 HUYRESY 5J& HPAE FANE FEFANE JIgez EHHA
ojFo] Atk Z Al EUE FERAY FTHA U @Az FAH2E YEH(network)E ©)
F3 3tk 33 ARG @34 HE AAAAM FERed) W8y PLC Z2adqY A4
Y FHLEARE, AMALLARE, TH82Y FHARE, FEYY AJaLASE, FYIHAYY
A/REA AZE Fol B AldHvol2of A ARs o] k. Fig3 2 MLd A2 2349
TS AFEelh.

4-3. A2 B (retrieval)

Al 238 Fol EAS B AAF A AT AAF 22E Yo, 0@ ARNME
# AN (similarity metric)7t WAST. ¥ N2QolAE FHaLe] A% U4 $2HE FHo2 4
4o ARAES AT

4-4. AtRje] M2} #f(solution)?] A4

7V FrAbR AEZE @5 o] A HE o)8Ee FoW EA9 HF ANl B} 341
7 JAEASG LE £AE 2T A &1 2ukz Foj EAMY &7} sn, Fo)He] A
3}d &€ HE vFo2HA Foj FAY REEF 2 HF $AVYL FYHE WL Y 9¥R
o ¢ A, AN, VE S, FAAEFTH €349 YR AA2H Boln, s1EHFT #Y 71873 &
AAoict. EAMAY HEPAE FA22 FYE HEH2¥2(adaptation heuristics)F ©] &3,
g go] BFn B8 5 234 AV 7A HEHE FHEC] BolAh
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B AFdMe T3 ALUFR H A A (step)rF FAI o] X7t YA g(threshold) ©)¢
o] Hd of EAMF A2 AHHZ AFREER 39 H¢F(learning)o] ol FAAEE AAHRAY. HFHL
2 dojAE #Ht Yd&Yol=daF ZAYE FLAGEHY FY J2EFHR Y. FUHGY |
EQ o+ Fig. 4 & 2t

Fig. 4t Fig. 15 £ ¢ edAEY AR F A9 AW (Gun advance)® ¥ (Gun return)§ Aol
By PG Aoy, olnf JAHE PA(ESY ABE A FFLLY FFY FIAE 44 42 A
o3t ERPHRI FANY £A, AFFe ALY g8 AA 59 FAE YE€¥Y7I7I A HBE
zt AN £ E AEAT HAAFA B

/

Unit of welding cell

Fixing&Ejcting unit Welding unit

)

( Fixing unit_ ) (_Ejecting unit ) (Welding Robot

>
K robot

Fig.3 Hierarchy of the components of assembly cell

5. PLC &2 o= FHol9 PLC Z2T9 M4

299 FxAdTollaged R 4 FHE H2ERF B YHER BN FE AEAE
Z HAe 9&Y oj=g2F Y@} Table 1 & Figd s} & NLDo) EHE HAE Wi 2=
Eo 933 RAF 3 Ytk A2 &Y o= d YYIES BF AANAHT AR AT
=2 YUY AN EF @48

ALg Aol o Jed oj=y2v) JYHE AN2de HF9 PLC #HritolojadE Bt Figh
£ Fig4 o ##coloja@ol Table 1.9 §&¥ ol=d 27t A 450 dgd drielojadeln.
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//_’\\_—_//
IM Start IM Work IM_Clamp SOL_Eject LS_Gun SOL_Gun SOL Gun
End Check Up Advance Return “Advance
—i - 1} HF raa r i <>
LS_Gun LS_Gun LS_Gun IM Gun  LS_Gun LS_Gun  SOL_Gun SOL_Gun
“Advance Middlel Middle2 Returnl  Middlel Return Advance Return
A — <>

IM_Gun
Return2

[P
1

V/_’\__,,//

/

Fig.4 Output neutral ladder diagram

Table 1. I/O address table

[/0 Address Table

Input Module

Output Module

Device name Address Device name Address
LS_Clamp1 X020 SOL_Clamp Y030
LS_clamp? X021 SOL_Unclamp Y031
LS_Unclampl X022 SOL_GunAdvance Y050
LS_Unclamp?2 X023 SOL_GunReturn Y051
LS_GunAdvance X040 SOL_EjectUp Y032
LS_GunMiddlel X042 SOL_EjectDown Y033
LS_GunMiddle2 X043
LS_GunReturn X044
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- /

Fig. 5 Converted PLC ladder diagram

6. d E

ol4e 71%& e Z2EEHS A7 A2¢e IBM 486 3@71FAAM MEAALH Nexpert
Object[8]s} MS-C & o834 AMLHAUT. A2de JFAR BAREARE Y2 AW &
Tof Hl&® Alcel)ol NG AMojZT2aP AA Rey AR 44 A%E € & A% FLA
Hdrjelojafe] e Y2 Pojmd2F AARE FAANA A7 oj=d2F BIF RE YH2 A
9 ¢ FpIuteloiagez ¥ M2 TE 7% PLC dugelsjade 4d& & U °
= AZzade AN JFFHE #AAY & A Rez AFIG. AUF 3§ BokRE AF
AZAY ARE AL BE YT RE AMAZ2aHYe) o848 AF AXFTHARY BFel
7R o4 ol B =R P49 &xAole] A= T2 E(programmable) 717]
? PLCY Z2ad AYe AR AFHr] A8 ALY AY7E A2de I 7F, T2
283 AHAZNREZ P Bate] Jesgt ALE A2de TRERJA2E0E ot ZE
53¢ #e4

D BYHERRE J¥oz 3d FuAbdeldladE A2 YU

2) AEMAY FAAGTGellaPe] HA Wl AgA & AFHNE JEHol=A 29 Y4
oz} gy 71F3E2 ¥4Ee HurelejaBE AL & U

3 BYAERRE JHARE Hu Yoz AUz 4 FELLY FFY 2 T &AM
#3d A2 A A%, ¥EE & AT

4 =¥FAe AFo] Arle AF 71E BHIAEY A $AV2E Y2 Aol aRE
g3 A& & AU

5) Mol TzaPFAd we AgEReR AW P Fde] JdET.

ol A% Ze ATl olo] HYAE ANE HAFNN Y aBYPe = JYAHHIL cl2HH £4
AF AFFEse N2, 94&Y o=d29 NAE PLCEYY AAHY AFo2 AHAE + e
Nagdeoze #3AT7E 2eH o & Al
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