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A Translation Method of Ladder Diagram
for High-Speed Programmable Logic Controller

AeM Ty AL
(Hyung Suk Kim, Nae Hyuck Chang, and Wook Hyun Kwon)

Abstract : This paper proposes a translation approach for PLCs (Programmable logic controllers) converting
ladder diagrams directly to native codes, and describes detailed steps of the method followed by performance
evaluation.A general-purpose DSP (Digital signal processor) based implementation validates the approach as well.
A benchmark test shows that the proposed translation framework fairly speeds up execution in comparison with

the existing interpretation approach.
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Fig. 1. Common structure of PLC.

ded FAEd 3l & =5L o8 SHE3}= 4
WS A, O 728 FAHeE Ned Aok
WE3 4L ds3 2ol Medd 23¢xe PLCA
Aol Ak LDY 34 e AMsstn 3FdAE
S FYAZ & e LDY sNg HAYs A% F#
ZE At =, 49E Hstd AFE PLC A=H
of Wal g AdFsy 4ol dPS T HAE
F 34 e A el B, EAgth 53 e 4
B3 A gogo 4 F& JdF3 & d=rh

II. LD sl447|9] 2t Fx

PLCY &¥hzE<]]l Fx= 29 194 B, Ao
e 48 AAE B4 Ao WY FEHE 4EY
Holg vEa(Es ov|x] HEHE FAHALT, Al=H
Z2afo] 8 Z2a dre Yo & =2 E
A, dg3ld YAHE ;e 28 FXNE o Ao
el Agsint

LDe F8& PLCEdIAN FFHeE AEHe 759
£0]5& 133}l IEC(International Electrotechnical
Commission)el] 9J& /NEEHANI]. o] T2 WHS
galolg A3t =2l dAEY] & AE=Ed
a9 2= IEC 1131-39] EFe] 71whgk LD T

RIOT - IS8 - AARIZSH ==X M5 K13 199 1

H JIH%

¥ 2. LDY 4.
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Fig. 3. Steps of LD program translation.
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Fig. 4. The structure of LD translator.
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Fig. 5. Translation of LD into mnemonic list.
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W22 H9Ad#(macro compiler)e W HEHo]
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LDH) Offffh,R11 | 'M_LDIA  08000h,03h,R0O Lot R10,R0
OR Offffh,R11 | LDPK 08000h LSH 1.R10
LD X1 LDy @03h,RO ‘M_LDID  08000h,0h,R1
JM_LDIA  08000h,01h,RO AND R11,RO LDHI 08000h,R1
LDOPK 08000h LSH -1,R10 OR Oh,R1
LD @01h,RO 1 OR RO,R10 AND R1,RO
AND  R11,R0 BR  LD0O3 OR  ROR10
LSH  -1R10 , LD003: ;; ANDB
OR RO,R10 1 i AND X4 [Ws) R10,R0
BR LDOOY ! JM_LDIA  G8000h.04h,RO LSH 1.R10
LD001: b LOPK 08000h SM_LDID  Q7fffh,0ffffh R1
» LD X2 | Lol @04n,RO LDHI 07ffth,R1
M_LDIA  08000h,02h,RO ' AND R11,R0 OR Offfth,R1
LDPK 08000h CM_LDID  Q7fffh,0fftfh.R1 OR R1,RO
Lo @02h,RO 1 LDHI  07ffh,R1 AND RO,R10

AND R11,R0
LSH -1,R10 OR R1,RO

OR Offffh,R1

OR RO,R10 AND RO,R10
BR 1.D0D2 BR ANDOO1
1LD002: ANDQOT1:

a3 6. AgE JPdEe Z=.
Fig. 6. Converted assembly code.
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;LD X2
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LDi @02n,R0

AND R11,RO
1 NER:
wos % LDOO1:
S LDX3 .
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Fig. 7. Structure of the assembler.

299 HE 299 23 FT(object code)e PLCI}
ZWES Ao FAE sl AR Fe& 2= {A(off-
line) Alo} PLC W9 wizel2 Afdt o]& dPA)7]
W PLCE o] ZEE ¢330z AYsld ZHE Ao
£ 34 vk 7N AxE AL Z=ad990t 29E
o] g3ty A3 ) 2 aPL FI+ I =(interme-
diate code)?] d2le 2 PLCO dlxgd] A4Eo] 2H
EZZE(interpret) WA g FIEE Ao oYzt EG
A AFAY(compile) FAo2 A 7153 ol Z=

RO\ - RIS - NABKZSH =2K K52 H1& 1999 1

(binary code)Z vl Fo] HAFT WYL ALEst o]
£ A%, A93Fge oo

olg]g LD 3|4 AF& GAEE X 1A 7hegst
A 2 &8 B¢ V%S EUE Ay

® 1. LD 3] aAd EA.
Table 1. Feature of steps of LD translation.
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Fig. 8 Change of execution time of each mne-
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Fig. 9. Frequency of mmnemonics in application
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A 49 e Axste Aol &2
o el2 Aol A FHANN A 3
EHE UR BYole) $EEE a9 9% @.o_wi, e

2 A ZEaY WY 38 A%, 718 3P
WA RN S8 T2ade] 49 Az

el (2 AF AR 718 HEoe] B3 A3
AR Trhews, 718 HH o] HHole T7E H
A8 AT Teewa®d 28 99 HHo| WIE Prewy, P
se9us o83t T2 Jl9] WHolo HA A
Newe® 7HE3IRS we] =2 49 AZHe AL
Ao}, 71E wWHol9 Hl-E Prhuwss TEIH| ulgt
we 5 Aok et

2038 B A3 AL =TrHeegs XPregy X Nee

* %é%{T%%MX 1 %3%639) X(l——P"”%)XNm} @)

a9 10L& Y= 8 T2y o wyoly &
(Nexe)E 300¥% Z7HA71EA, & 8 T2 Zo]
£ IV A3 2= e 78 gHolo ulen =
2oy 43 AZimel #AE vehd Aol AAFo
2 Hol AgA A He AL A A &£59] A
A7 FEHPE ¢ 4 Aok E3, §8 TEOY
A 718 HHE o gol ALEFE 1 A Ak
ZhEe RE 218 B3t &€ £ g

el Nexe =1200

20% 40% 60% 80%  100%
S8 T8 W )i 880 HIg

------- SIfIZpE — HO A

a8 10, 8 21y A3 A7k w3}
Fig. 10. Change of execution time of an appli-
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