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Invariant Analysis of a Developing Chemical Density Control System

Student : Teng-Ching Huang Advisor : Dr. Gau-Rong Liang

Department of Industrial Engineering & Management
National Chiao Tung University

Abstract

Developing chemical density is a key factor to affect the quality of color filters in their
manufacturing process. Usually the density is controlled through a Programmable Logic Controller
(PLC). Also an intelligent PLC is expected of detecting any malfunction in a real time way from the
manufacturing process. In this thesis, such a PLC has been implemented using invariant analysis of
Petri nets which is used for modeling the underlying manufacturing process. In other words, the
invariants are conserved in a normal manufacturing process; however, any violated invariant means
something wrong. After the implementation of this intelligent PLC in a color filter factory, the
abnormal condition can be immediately detectedswhenever a malfunction occurs. Besides, this
implementation avoids the expansion of damages.

Keywords: Developing Chemical, Color Filter, Programmable Logic Controller, Petri Net, Invariant
Analysis -
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(Place) ™ 4 % Su it end Bk AL o
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Nonsingular Mateix : (EW =0

(1
1 2 4 5 6,3 7T 8 91011 12 W
1 1 0o o aofo -1 00 0 -1 1 4
2 o1 0 0 0 : -1 -1 0 1 0 0 0 WE
3 oo 1 0 00001011 W
4 oo 0o 10 : o o0o-1 -1 1 00 W2
5.4 00 0.0 1,01 4. 0 1 0 0| [w
f o 0o o0ofo 0 0 0 0 00 Wa
Wa
Win
Wil
W1 1 0 0 0 0 VA1
W2 o1 0 0 a0
W4 ||]:|'> oo 1 0 0
W o oo 10
Wa oo o o 1
Initial Token :
F1 P2 P* P4 P5 P6 P7 P8 P3 P10 PII P12
(10100001000 1]
! 0 ! 1 w1 0 w1
Ly 1 L 1 W2 0 W2
w4 0 w4 0 4 0 4
W5 0 w5 0 WS 1 WS
i LN S I L P - L S T {38
i,- W3 |= 1 = 1; - |w3]|= 0 = 05 = W3 = i = 1; = |W3
w7 0 w7 1 w7 o w7
L 0 LU 0 e 1 e
L] 0 g 0 o o o
win 0 Wio 0 W10 0 W10
w11 0 wit 0 Wil 0 Wil
\ Wiz o J Wiz o/ W12 o W12
wi 0 w1 1 w1 1
w2 0 w2 0 w2 o
w4 0 w4 1 4 1
W5 -1 w5 0 s o
8 LN S Ry L I S {32
i, w3 |- 0 = 0; - |w:|- 0 = 0; j- |W3]- o = 1
w7 0 w7 0 W7 0
W 0 wa 0 wa 0
Wy 0 wy 0 W9 0
win 1 wio 0 W10 0
w11 0 wit 1 Wil 0
\ Wiz o J Wiz o J W12 tJ
P-Invariant:
P2+P3 =1
P1+P2+P6+P7 =1
P5+P6+P8 = 1
-P2+P4+P5+P9 =0
-P5-P6+P10=0
P1+P4+P11 =1
-P1-P4+P12=0
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BRIk R4S kS, H 9 4 2 (Physical Manufacturing Devices, PMD) /g 14 85 = =
#2.5% (Attribute Equation)'P6—|-P7 =1;P2+ P3 =1>H2? P65f#RAon @ P75 5 BRA
off » Flpt 2 % & P6+P7 =1 3 sp‘ﬂ"hﬂ% - PP ERTR o FEIT TR P2 AR
»vui/}%)iﬂmcm P32‘f‘ i 3 ?Lme’r WJ#EF\—:'°.3’EJ?I/ﬁh;‘i'&&mg%ﬁ'@,ﬂ”#&%ﬂ“ﬁ
%% Bl(Monitor Rule) » F]}* & 28 222 )k R i) s svH 72 %8 PI4P4+P5+P8 =1 o pt #H &7 33 H
g6 B H A %“’«}L” it e HE = 23 8 P24P3 = 1; P8+P10=1; P11+P12 l g #RC ¢ iz
BB R B SR MEEWE R AR £ FR D0 ARE B F MBG T
ri4g g H i 22 P](Monitor Rule) : P1+P4+P5+P6+P7+P9 —1 o

256 AR T AR BERGE A

F i %R i Bk
LT A P1+P4+P5+P6+P7+P9 =1 |#7 5 % = F
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RIEAIAZSFFHEHERRA R > # 9K 408 6.1 #77 > &“Tank Switching

Condition” F 5 = i i i%: “Sheet Count” ~ “Time” ~ “Density”

1. Sheet Count: ¥ ¥ e d® & #ic > § B RR /ad®—- TP Bl B ER ¢ ¥ 2 7 ik
MR FAEPEROERFEPELIEIATOER Sl TR R T - X 2TERT
e > TEFEPRER T FNR L EFRERRA R O ER T UE R T8 E i A

APLLIHFIRTRE IR MERRER

2. Time:  RLBTRER fi 4§ 0ie ® P o BERAR 0T R o g ) UKL Y e R
PR ™ S R R T G A A N ATE S TR AR § R A L R
R g F Y FAEF A RERE N o O EEMER SRR KB
’Fﬁmlﬁq’ff%ﬁ&’*\rﬁ‘ ﬁ_rr'?ﬁm'\»-ﬁﬁ?lf"

3. Density: " £ A @i fi { ek & o BRI NRR 5 REFRTOE R e 4 AEE R
FFhE

______TEETWEEET§T_TET______

B () B2 5] B a(s)

DSEE DEED Dg:as
D'EIEEl “ DSE:‘L D'EIEE
DSEE D'EIEE D'EIEE
D'EIE'.' D'EIEE nsa-r
DEEEI nElEm [ DEIEEI

B] 6.1 Tank Process Setting % T F & ( — )

4 i “Tank Switching Condition”é= i 1% i ¥ & ;2 E S B RRIER i d] > 57 BTl
PR i R R g % R B A B el 2 }; B+ 37 & p £ “Tank Switching Condition ”
iz B e ‘Densny”{a‘p BMPRERTR . AAnBR AT ROERT 3 € 26 WAL E
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L oom bBEROEREIY 2 FRF - B U h Y Ry o

Setting Meny | Hain Mems

upper limit>ed 4138 > 2818 & 6 B 2 HE 78 ( Type No. 1~6 )en¥t Bt ik 2o M1 % — B 28k
78 (Type No. 1 )se ¥ Bt = 5 &) ] & ﬁi%l g B - BERPIRIER TR TLE ”'“rv"lﬁa?J » enkg
PREREX T VNS BT S B D91 o A 8% - B 5 8:E 58 ( Type No. 2) 3| %
+ 1 % 8cE 38 ( Type No. 6 )T env 4258 54 B T4 475 B 4 W £.D992~D996 - 3k % i
;4 £_4 “Numerical Input”s*“Basic”i% 78 * “Device” 1% = i § fiﬁ%] S 22l A TS
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Jin
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| BCBET K = i o g b H s eiE 33k TR & B “Tank Switching Condition” ¥ ek B % %7
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Settings
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[Rightelignment = [~ Dispall digits [ High quality font oK |
o=x | = ax _ Comnt |

: |5 =
Decimal podnt : |3 ﬁ =< Basgics I
Apply I

Project... I
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Bis b ends (E15 gk & 7 ATH “Density Jk & b U G K Lo 3 F L HE
gL L de o R § R B S G B - L Bk R AL
U Z R RER S V- SRR G R T R IR T U, F R R o

#“common” ™ AL F T ZLiE “Alarm History” » #“Alarm History”p &g 8%7% ek B A2 47
#] b FUeHE SR £ % “Device”ff T FOATIEE o Bt AR T 28 I A RIR R R ARER
F#]F R E SR o B “Device”{f i 28 7 hph % “YOFIB” A 7 4254 474 F chp %Kﬁia?] B ;Tu
g T AL A F el AR EYOFIBY on Pk € IS 8 R FAR AT R L 2 An
T oo ¥R comm” i A 287 4 & - Disp i i AUB277P 4o T o

2LiE + ] e “Comment Edit”i& » “Comment List” F & o @ 3R engefpin L 2 ff 5 ehclpp
PR LR - ACKET DI Feolgm Eow oo

£ Tarm History |
Basic  Mondtor Device | Print Condition |
Digvice Alarm range Comrn. | Dizp.

] 0-FF YOF15 22 kil -] Ok |
a3 0-FF Y0F1a a3 322 o el |
24 0-FF ¥Y0OF17 24 343

25 0-FF Y(OF18 25 324

25 0-FF ¥0F19 26 325

27 0-FF ¥OF14 a7 3326

28 0-FF YOF1E a8 327 :

70 0-FF YOFIC ] 298 Comment Edit... |
an 0-FF ¥OF1D 30 329

K 0-FF ¥OF1E 2 320 _I
Device No. & Coptinmows  Rendom ) Fited Edit.. |

Comment No. : ¢ Continoouz ¢ Random Copar... |

Display Mo, : ¢ Continuouz ¢ Random

B 6.5 Alarm History % T F & ( — )

BBk ek RAZEIS ) P 3K A“Alarm History” 0 & “comm.”f =% 28 38 »
- ¥R 28 i o A or cnE_ 28 Fpt & JF A “‘comment list” 0% 28 IE kR L
§8:028.Density jk & + "TE 4R (M1227) - M1227 27 428 404 Behph 309575 B[14] > £ & 4
MT AN B R IOER P UEE S A ek RS S R MI22TE 2
# YOFIB ehfi 15 i o Bt a7 A2 55 4 B A P2 R R B $ izt > § R R hik R
A A P UPE S 3 MI1227 #- YOFIB on 42 % o F]¥ A28 3 4] B 3045 & 50 M1200
(5256 P 3547 i Bk L YFOO 5§ 60256 Bhdi ) 0 Fl A R & B 5] M1277 TE
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Comment List |
Cormment ‘ | Text | Mode ‘ Blink ‘HQ font ‘

27[027. Connter & Timer alarm (41226) (0B = O fo = i’ 0K |
28/|028. Density vpper bmnit alaom B41227) : 55 =l M o =l O Canel |
200029, Tpper air kndfe pressure error in Cleaner? (412287 (1B =l T Mo = K

30J030, Lower sir knife pressure eror in Cleaner2 M1220) [ | P55 =] [T o =l O

310031, Air knife corner pressure error i Cleane? 212307 D 55 = [0 o =l O Cut

32033 Cloanex2 DA alarm (M1231) O = F = O o |
33033 Water pump fnverter alarmm in Cleansr2 (M1232) D E55 =l 0 o =l O

34/|034. Circulating pump inverter alamrn in Cleaner? (M1233) D [255 =l & o = K Paste |
35035, High pressure pump inverter alam in Cleaner] (b41234 D [255 = O e =l O

36036, Air pressre error of adr jet 241235} [1E% =l O o =l O

No.28

;I CopwDelete. . |

828. Density upper limit alarm (M1227)

kil

Comrent Ma.

File Import... |
File Export... |

_pl_l Enter |
|28 j Tmp |

earch by Words

Forward Serach |
Backward Serach |

AR

® 6.6 Comnient List X &F 6 ( - )

“ Enter”#-#7 i cnin i s 4h o
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% “Alarm History”hF o i 3 —-@“Disp*’%ﬁ%‘&“fi )
“327” o “32774; 1 H “Comment List ™05 B » 3548 *7 s ) F 7 2 §_028. Density ik & + 2
EAR(M1227 )enff Hp o 2 A 5 enig g SRR ",f E o Rt 3277V itk $0:028.
Density 7k & + *3& 47 (M1227). Please”check if density meter is out of function, and change
chemical tank . Check with facility department to confirm if there is any density issue or not. i&

B g 28 TF chin R o B



i Comment | ‘ Teat |Mnde‘ Blink |HQ_fc-nt |
327028, Density upper Lt alam 341227 [ JES: =] T Mo = - | 0K |
328|029, Upper air knife pressure smrorin Cleanen (M1228) | | E55 =] [T Jo — = Earwel] |
329 [030. Lower it knife pressure eor in Cleanen? 341229) [ | 255 =] [ o =l ™
320|031, Air kndfe commer pressure ervor in Cleaner? 412300 [ | 255 =] T o =l ™
331 [032. CleanerZ DA alarm (M1231) (= = O o = O Cut
332|033, Water pump tnverter alanm i Cleaner (b 1232) |:| pss = M o E\ O Copy |
3230034 . Circulating pronp imverter alarm in Cleaner? (M1233) |:| pss =] T o E O
334|035, High pressure pump tnverter alamm in Cleaner] (1234 D [255 =l 0 o =l O Paste |
335|036, Air pressure emor of air jet (M1235) D [255 =l 0 o E\ O
336037, Medicined control box fuse blown out (M1236) [(JEZF = © Mo | O - CopyDelet.. |
Wo. 327 828. Density upper limit alarm (M1227) =
Please check iF_denSity meter is out of function , File Import...
and change chemical tank. = |
Check with facility department to confirm if there is any File Expoit.. |

density issue or not.

K LI—I Enter |
Conument Ha. : |32T j Tumnp |

earch by Words

Forward Serach |
Bacleward Serach |

B 6.7 Comment List K ZF. & ( = )
V- R LA PR s T EE Uy FRRER A R
[T AR Bt Rk A Device: YOF9F.; comm. @ 160 ; Disp : 459.

A Tarm History x|

Besic  Monitor Device | Print Condition |

Dievice A Jarm range Comom. | Disp.

155 0-FF ¥OF34 155 454 ;l (0]:4 |
156 0-FF ¥OFIE 156 455 Canzel |
157 0-FF ¥OFIC 157 456

158 0-FF ¥OFID 153 457

159 0-FF ¥OF9E 159 453

160 0-FF ¥OF9F 160 450

161 0-FF ¥OFAD 161 440

162 0-FF ¥0FA1 162 T Comment Edit... |
163 0-FF YOFAZ 163 463

164 0-FF YOFLZ 164 Lk _|

Device No. + Continmous ( Random { Fixed Edit. . |

Comment No. : & Contiomon: © Random Copy... |

Displany Mo, : % Continmons ( Random

® 6.8 Alarm History X T F & ( = )

%P b it > N ERE L pleh “ Comment Edit” i » “Comment List” F o
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Comment List |

Comment ‘ | Text |Mode‘ Blink ‘HQfont ‘
156156, Work ervor ot air kuife (41355 (1S = ¢ o = - 0K |
157157, Work error at transfer (M1356) LIES = O o mW O Cancel |
158{158. Tank] changing (M1357) [1E% =l O o =
1594159, Tank2 changing (1358 (1B =l ™ o = ™
160160, Chemical buffer tank lower Hmit alamm (41353) [Jk»s = T Po =l O Cut |
161 (161 ML760) [JE = T Fe = [ ooy |
162[162. (M1361) (N = O = O
163(163. (1360 LB =l & e EH O —lpﬁ"s118
164164, (M1363) (1B = C o B O
165165, (M1764) (1ES = T e = ¢ ~|  CopvDelet.. |
Na. 160 168. Chemical buffer tank lower limit alarm (M1359) =]

File Import... |
File Export... |

ﬂ _pl_l Enter |
Comment No. : IIED j Tump |

earch by Words

Forward Serach |
Backward Serach |

B 6.9 CommentList X %5 ( = )

BRI W M T 5 B3k e Adarm History” 57 5 “comm.”§ =% 160 IF > g~
=4 160 38 chi- % > B on hE_ 160 r’L’rJE‘zé_\‘!irﬁ & 7F tcomment list” % 160 78 i B 4
PR 16050 ik B 1k & T PUEAR (MIBSD) M350 EF AR A B ap 30 B o A
ERF T AN BN SRR SRR T UER O E AT ek RS E R
%5 % MI359 4 f§ 4 YOFOF ey &30 880 |
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H Conument List

x|
i Comment | ‘ Text |Mode‘ Blink |HQ_fc-nt |
454155 Work eror at re-water] exit (M1354) (1B =l & [a =2 0 Al OK |
455156, Wark evror at air knife (M1355) [JE5 = & Mo = O - Cancel |
456157, Work ertor at tramsfer (M1356) [JE5 = & Mo E O
457|158, Tank] changing (M41357) [JE5 = & Mo E O
458[155. Tank2 changing (M1358) (B = e = Cut |
459160 Chemical buffer tank lower limit alarm (W1353) ; 5 = [ [o = O Copy |
460161 (M1260) [JE= = © Jo = O
461|162 (1361 (= = O o = O Paste |
462|163, (M1362) [1Bs =l T Mo = O
463[T64. 11363) [1p> ®OR o O | CopyDelet.. |
Ho. 459 168. Chemical buffer tank lower limit alarm (M1359) =]
The level of Chemical huFFl_er_tank is lower than limit . ile Tmport..
pls check the supply of utility and 5.V & AOV or 4|-

call equipment engineer directly. File Export... |

ﬂ 3 | Enter |
Comment Ho. |459 j Tomp |

earch by Words

Forward Berach |
Backward Serach |

] 6.10 Comment List ;{i’?ﬁ: (=)
o ele w2
)7 AR g R SRR o 4 MII200 75 256 X 2045 Bk AL 12 YFOO 5§ 49256 2
B F AP R & B 5| MI359 TR o — 3
%“Alarm History”enE & #5 — BEDisp” et o — 3 =4 & 160 38 chiz ¥ - B om eh il
“4597 - “459”4p e E “Comment List” 138 : A EE RN R T LA 160 R kA
TORESR(M1359) iRt L 0 A A S el B S E R "$ S E o B ptt4597F Mint o
160.58 8% 7 75 )k & T *T# 4 (M1359). The level of chemical buffer tank is lower than limit .
pls check the supply of utility and S.V &AOV or call equipment engineer directly. fmfE = = 4%+ 7
“Enter”#-#7 i fB 3 48 o
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