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overcome the problems in the prior art, there is a long-felt need for developing

monitoring and control systems for manufacturing processes that are flexible in
permitting a user easy object definition in configuring various tools and devices that
have distinct attributes and logic. Also, there is a need in such systems for
permitting a user to easily assign input/output (IO) in any desired location within the
manufacturing process, to have the ability to easily update the system configuration,
and to accomplish the monjtoring and control functions with a minimum of manual
addressing of the computerized control system, all without requiring the user to have

any programming skills.

" The manufacturing of electronic devices, such as solid-state or integrated

circuit devices, relies upon the use of chemicals that in state-of-the art systems are
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or progranmm ng nodification. Note that although the

present invention is described for use in the control

and nonitoring of the delivt of chem cal s, operation
of tools, valve bogggﬁg%%gﬁbéﬂgﬁgﬁg%ices, in chemcal
systens associated with the nmanufacture or

fabrication of electronic devices, the present _
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ROROH TR0 Und monitoring of the delivery of chemicals, operation of tools,
valve boxes, and other devices, in chemical systems associated with the manufacture
or fabrication of electronic devices, the present invention is not so limited, and can

be applied for use in other manufacturing environments.

The present invention includes means for permitting a manufacturing system
to be easily configured, to add or delete tools, valve boxes, modify distribution of
chemicals, and delete or add points of use, while substantially eliminating downtime
of the associated chemical system or manufacturing process. In one embodiment of

the invention a Configurable Control System (CCS) includes a three-component
2



the invention a Configurable Control System (CCS)
i ncl udes a three-conponent 2 WO 2005/ 008349
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second conponent being a CCS Supervisory Control and
Dat a Acqui sition (SCADA) application, and the third
being a CCS PLC (Programrabl e Logic Controller)
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The third software component is a CCS PLC application that uses the
configuration file to define the objects and logic of the manufacturing or processing
system, by assigning input/outputs (I0), and logic based on the system as define via

the configuration tool.

The various embodiments of the present invention when used in a chemical
processing system, for example, provides “plug and play” means for permitting a
user to readily add or remove tools, add or remove valve boxes, add or remove IO
controllers, add or remove equipment controllers, change the distribution of
chemicals, modify control signals, and so forth, all without requiring software

modifications.



3 WO 2005/ 008349 PCT/ US2004/ 015785 Brief Description
of the Draw ngs Various enbodi nents of the present

WO poosnos3an are descri bed bel ow with referencePr€DUS1964/015785
drawi ngs, in which like itens are indicated by the
sanme reference designation, wherein: Figure 1 is a
bl ock schemati c di agram showi ng one enbodi nent of the
present invention; Figure 2 is a block schematic
di agram show ng . exanpl e of anuf act uri ng process
systen1incIudingigﬁgigggggﬁ?ofﬁ§gﬁgw1f% Figure 3 is an
exanpl e of typical screen inmages required in a prior
art system for configuring or changing the processing
or mfruioas embodigesntsof 8 predeguinsentipntae g‘tﬁgﬂb belopyith

screen i es .for.vay. nbodi ment he
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présent’ 1nvention; Figure 12 shows a flowchart of a
nmet hod for changing the configuration of the :
illTustrative em cal tem far an enbodj nent of. the
i nveRt§BR IF E&vgléﬁlfgmflﬁ?@&@m Hiovdie G erhafmenc e
1&%&Hﬁh€éﬁ%ﬂ9 the ease with which a wuser can inplenent
the i (

e Invention, add a tool, and select chemcals in
configuring the illustrative chem cal processing
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I nvention The present invention provides a

Confi gur abl e Contr ol stem (CCS) for . . .
P%gure 3 is an example ofS t%lpltcal screen 11%1ages required in a prior art system

for configuring or changing the processing or manufacturing system;

Figures 4 through 11 show screen images for various embodiments of the
invention for initially configuring a chemical processing system as an example of

one use of the present invention;

Figure 12 shows a flowchart of a method for changing the configuration of

the illustrative chemical system for an embodiment of the invention;

Figures 13 through 15 show screen images illustrating the ease with which a
user can implement the invention, add a tool, and select chemicals in configuring the

illustrative chemical processing system; and

Figures 16 through 20 show screen images illustrating the ease with which a

user can implement the invention to delete a tool.



permtting users of a manufacturing process systemto
both configure and reconfigure their system w t hout
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defined through the 5 WD 2005/ 008349 PCT/ US2004/ 015785
The CMS server 1 is typically a personal computer, which is loaded with a database

O—t

and graphical user interface software program, and a Supervisory Control And Data
Acquisition (SCADA) application 11 software program. A user enters configuration
information into a forms based graphical user interface (GUI) displayed as screen
images on a computer monitor (not shown), whereby the data is entered into the
configuration tool 2. The configuration tool 2 automatically generates configuration
databases in a database file 4 containing data tables. The CCS also includes a
programmable logic controller (PLC) 8 that is programmed via a PLC application 9.
Note that the configuration databases 4 include a database for each of the SCADA
application 11, and PLC application 9. The CMS server 1 deploys changes and auto-

generates graphics and alarms based on the processing system as defined through the
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configuration tool 2. The PLC application 9 assigns IO
and | ogi ¢ based on the process system defined through

W@ bh@soes3id guration tool 2 via the establi shed PCT/US2004/015785
configuration data file 4. After entering information
into the configuration tool 2, for use of screen
i mges, a user then opens the SCADA software program
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the deplAABA Intb@RItiod ifite thd\nRllratiah foodR] RY uddof sthen
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deployment/teot 3 togthe ReCodatef arppyrldt i on i nformation in the
PLC data array 10 into an array format that can be
read by the PLC 8. Note that the SCADA application 11,
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dcersc:Grfabeld.n %n a preefenqedaen?bso%§ment of the invention, the PLC 8 is provided by an
Allen-Bradley Control Logix Processor. A standard driver such as a Rockwell
Automation RSLinx is used for converting the configuration information in the PLC

data array 10 into an array format that can be read by the PLC 8.

Note that the SCADA application 11, download application 7, and PLC
application 9 do not have to be loaded onto the same personal computer (PC).
Regardless, the personal computer providing the CMS server 1 also represents a
programmable Human Machine Interface (HMI), or Man Machine Interface (MMI).
Also it is important to note in the present invention, as previously mentioned, that

the configuration databases 4 and GUI program are used for creating the databases
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6 WO 2005/ 008349 PCT/ US2004/ 015785 for both the SCADA
application 11, and PLC application 9. The
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RSLinx to efficiently downl oad data fromthe
depl oynent tool 3 to the PLC 8. As shown bel ow, the
use of graphical user interfaces permt a user to
define the physical and |ogical configuration of a
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The configuration database 4 created by the configuration tool 2, in the
preferred embodiment is a Microsoft Access based software for describing the
configuration of the associated manufacturing process system, in this example, a
chemical system. The configuration database file 4 contains variables that are
shown below for the illustrated system that are read by SCADA application 11, and
programmable logic controller (PLC) application 9. The configuration database file
4 can also be provided by other software, such as extensible markup language

(XML) for communicating over computer networks.



4 can al so be provided by other software, such as

ext ensi bl e markup | anguage (XM.) for conmunicati ng
W@r@s/0es3mput er networks. 7 WD 2005/ 008349 PCT/US2004/015785

PCT/ US2004/ 015785 The depl oynent tool 3 is a SCADA

software application for downl oading data fromthe

configuration file 4 as previously described. In a

preferred enbodinment, the depl oynent tool 3 is based
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Figure 2, various enbodi nents of the invention are
shown for use in a chemcal processing system or
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used 1 n other than chem cal processing systens.
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conf | on t ool rv and a single
aﬁﬁomF @%’%@W&W%& ﬂ‘&&oﬁ{eﬁ §ith PLCs 8A
and 8B), and ot her elenents of the present invention
as previously described. Al so, SCADA application
pr ogiVeith reference to Figure 2, various embodiments of the invention are shown

for use in a chemical processing system or network 13. Note that although various
embodiments of the present invention are illustrated for use in a chemical processing
system, as previously mentioned, the present invention is not so limited and can be
used in other than chemical processing systems. As shown, the chemical processing
system includes the CCS configuration tool 2, CMS server 1, and a single or
redundant PLC 8 (shown redundantly with PLCs 8A and 8B), and other elements of
the present invention as previously described. Also, SCADA application program
11 is used for programming the CMS server 1. PLC application program 9 is
utilized for the PLC 8.



11 is used for progranmng the CM5 server 1. PLC

application program9 is wutilized for the PLC 8. 8 WO
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Through use of the various embodiments of the present invention, the tedious
coding required in the prior art is substantially eliminated. For the chemical system
13 of Figure 2, and other manufacturing systems, the CCS system of the present
invention must be initialized prior to use.

The advantages of the use of the present invention will now be illustrated.
With reference to Figure 4, to both initialize and subsequently make changes to the
chemical system 13, a user operates a display or monitor of the CMS server 1, for
example, for bringing up a Main Select Screen 32 as shown in Figure 4. A user will
first address the pull-down screen for the “Object,” and in this example select
“Room” from the Object Menu. Following this selection, the user then uses the pull-

down menu for the “Action” entry, and in this example selects “Add” followed by
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chem cal system 13, a user operates a display or

moni tor of the CMS server 1, for exanple, for .
wWheiosgossge up a Main Sel ect Screen 32 as shown PCT/BS2p04/€15785

4. A user will first address the pull-down screen for
the "oject,” and in this exanple select "Roont from
the Cbject Menu. Follow ng this selection, the user
then uses the pull- down menu for the "Action" entry,

F LB e I S we 9 ,
SR oL ARS8 B3 A o L B PR Ry 2
asibarwn 'in Figerasethd sset then tafeowntha dRGAM Rideh SahEeAd bRER

as shown in Figure 5. The user then types in the
1§B§}red Room nanme, and presses finish. Continuing the
initial configuration of the system the user is next
automatically presented the Main Sel ect Screen 32 of

F| g ur@ntinuigpahe itk eohfiduration offthd Hetelvitie W8t RGlexSCr een
t he _user uses the gull-domn nmenu fromt he hj ect

aé&Fﬂﬂm’é@F‘l%&S PEoseiRbiop Man Srlerh Ssavensipsatdiigured| pan nngesexgtasqn
df e MARL SAUISERHT 2 e ulitutes HOPDLITRY niciy ok g Dbject”

and selects
apd eslectt a dESRd chemivatisysiiyn. plrcﬁﬁmﬁg s, &Keeuseﬁfddrwséﬂhe pull-
creen image 36 (see Figure 6) for Chem ca

TBEHYARH  Actione and selegty pdds folitpvvddéam@cmgi“wmm Thé present

R Fesp I by SPGB o R eyl gl S sEE i e
“Oheiinécal Sykterh AT The )ﬁ@ér@ﬁiekl/n ﬂféta@méédl c'ﬁ@ﬁﬁjcapﬁarﬁé g an

ssocj ated conputer rmuse% of the present
ﬁﬁv’éﬁl jogH, felasyedtbiyaaessipgr tmus—lm s(mvth ¢hap séerever prios m‘(plt‘@eli’ug

I\/a Ln.S creen (see Figure 4)

i FR s R SRRl w G PSSt Eotptvict ey
menu and selects FIOP (Field 10 Panel), and from the
Act i on pul | -down sel ects Add foll owed by pressing
Next ThR&S ofthe pesst m\@gp@mwomymal]esenmm@e tdee tauhe screen

ARG B e

addlgsses R Vted plll- (ﬂﬁ)fﬁnéfﬁl%dfselrects %@d)ﬁ ﬁel f(}aP
Area Network), and uses a pul iectl ng
the Action pull- down selects Add followed by pressmg Next. Next, the CCS

responds by presenting the user with a screen image 38 (see Figure 7) for Field IO
Panel — Add. The user then types in a FIOP name, addresses a pull-down menu for
selecting a LAN (Local Area Network), and uses a pull-down menu for selecting a
“Node.” After making these selections, the user then presses Finish. Next, the user
is automatically returned back to the main select screen 32 of Figure 4. The user
addresses the pull-down menu for Object, and selects a desired CDM (Chemical
Distribution Module), addresses the pull-down menu for Action, and selects Add,

followed by pushing Next.

As shown in Figure 8, the CCS provides screen image 40, CDM-Add,

whereby the user addresses the associated pull-down menus for selecting a chemical,
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"Node." After making these selections, the user then
presses Finish. Next, the user is automatically

WO edosios3d back to the main sel ect screen 32 of PEI/US2064/015785
4. The user addresses the pull-down nenu for Object,
and selects a desired CDM (Chem cal Distribution
Modul e), addresses the pull-down nenu for Action, and
seI ects Add, followed by pushi ng Next. As shown in

B 5 P PR v
bgggkﬂﬁ {10the $18InE Eér tHY sletPODIAL2, and@réé@sm% ORS34dnse, the

US2004/ 015785 desired type of CDM 12 (Cheni cal
05S displays pldhdqwm meeyls fog narrmtbmadbe B3 fo ghpopofdesingd type of

L8 B PP of S S AR et o

Rl 1t-HONR niBRN ¥ sdl6yt oPEHIBkE tﬂer@.gpmp end foRElelifformetsefo the
desired type of Signal, an applicable FIOP, an

repy adsieil STEVS20tA freymenking this. selppigony élmuSﬁaneSS@s Eishs énd the

QS PEodses e o S sl b A B8 ke PR,
cﬁgggerg%ggfy@agﬁl (264siFMish.t he user presses Finish, and

responds by displaying an Assign | O screen
di splay permtting the user to choose a spare |10 and

R e S A SR Wy
s!cf»&eﬁ 301 QU otk 4) ﬂFﬁ‘e H&?Ehehfaaare%ég ﬂ%spﬁﬂflsd&vhﬁfo@ Otject Melect

for Cbject To select a valve | owed by an
aachiiveds, ﬁ:ﬂhbmdﬂngrlah-addws mﬁmptﬁledommemm farddtionland s¢legjing

AE sleroadGerssh o d M £ CF ol 18 Bpl AR Sn hece 42

bt QH{X@ B%%)(—Aa—cﬂfaseyf’gﬁ%eit %le he Mk & iBerfidfi s Bhth RERer®Y tipiRl Ii}gthe

Int dat ds or utilizing the as$Socia
tark datiofiel dsrenutdizipsthe assppllated@blleio“ﬁnnenm rwiwrcdapp@lcdﬂb for

e g BBl Ag SenaRe G 45 C5S FRAnALY
cfl%ﬁnénﬁ:%&lx’ie & inbe 44 B THRE! dHI'Qéaeré P%\ﬁg 16)/ Pehe UsBr thBE ndu@Oype

ap roprlate ata fi sel ect the Tool
il Yipeetob T memd inethe appropriate data field, select the Tool Type from the

]

associated pull-down menu in the data field, and optionally type in a Tool Location.
The user must also press the appropriate arrow keys to move the chemicals to the

“Chems” for the associated Toolbox, followed by pressing Next.

The user is next presented with a screen image for an IO Choice Screen (not
shown), addresses the screen for choosing a spare 10, followed by the user pressing
Finish. The CCS responds by displaying the Main Select Screen 32 of Figure 4,
whereby the user uses the appropriate pull-down menus for selecting a valve box

from Object, selecting Add from Action, followed by pushing Next.

11



associ ated pull-down nenu in the data field, and

optionally type in a Tool Location. The user nust
W@b®o/oa3ess t he appropriate arrow keys to noveP€TiES2004/015785

chemcals to the "Chens" for the associated Tool box,

foll owed by pressing Next. The user is next presented

wth a screen image for an | O Choice Screen (not

shown), addresses the screen for choosing a spare TO,

follo by .t us ressin Fi ni sh. . .

r esporton it iaas B¢ ERE bl vl F sliage 46 0
petEHRs der toMRRICERYValv B0k RERed!S B2], (tREsclduoR BEIng infade by

pul | -down nmenus for selecting a valve box from

fdbje ot the bbink dieldsgitilidingfassoriatest pudldovomenise The (C CHuresiongs

t. 11 WO 05/ 008349,. PCT/ US2004/ 015785 h i
s s e eTng Mo B DroVICiRER NSy Htsk et eyt siowdNgEn "
ﬂ;‘eﬁﬁﬂﬁng{l@se} B QAL FIbP 8nd/EBHulk FoisLloBFteady Sizhyle box to

eed a tool, the selection being made by Tilling in
the blank fields utilizing associated pull-down nenus.

The responds .to. the wuser. presgsi. xt,. by.
or ovi HRhEE RERAergal Soribteh of BT bphettioal system.
permtting user to select a FIOP and nodule for a too
ready Signal. This conpletes the initial configuration
of t Miubis¢équest toabnfiguritgahe dhistratystohamicabsyistooy @eser may wish
copnfiguring the jllustrative chem cal system a .yser
Ry R SRR R Pgﬁ}n%r_ heoset pf i cpdFgpralgn Hiter
W"éﬁ o?fFiédf@ 15 Qﬁgvéfsgdt'%ﬁtﬂ)%ougl?@ rlpRneidid a @der [ 419

2 shows steps 50 through 62 for permtting a user to
malsd 4 Jesirath kieange dethie ilbdtretiengeniical systern) Steps HAthroegh 62
chem cal syst St eps t hrough, 62 d nd very .
e opr TR af theapes Bowill 4 Shame ghArermr. 8 iakg eehangs in

. e .

ek e A e S e P2 e & for
thizi exampferpuilléngoup fhee sgreerpinidge 76¢seediiguradgefor 0T¢aleedd 1: Form,”

Figure 13) for "Tool Add 1: Form" E‘Iste{ t he user .
afiep e ysar Res 1Bk spronitae togbamia s gy l-Aown manp I BRert

i oot
418 2ot Eolen 2 dyay bSon P ek dne @OMOERIGORAS S0G0INY |
ddierivegiethepigstirsharont the agrepriye ordsef dresrawfs fohselentingws

for selecting_. ) .
chemicals for the mndicated tool. Following this, the user presses Next. The CCS

responds by presenting the screen image 72 (see Figure 14) for “Tool Add 2: Form.”
The user then addresses the various pull-down menus of the data field shown for
assigning 10 where required, followed by pressing Finish. The CCS responds by
bringing up screen image 74 for “Deployment Tool.CIM, as shown in Figure 15.
The user simply employs a computer mouse for addressing the desired toggle

buttons to deploy the changes previously made.

The present human/machine interface has been partially illustrated above in
association with Figures 4 through 15. In the example of the present chemical

processing system, the illustrated use of a main select screen with associated pull
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chem cals for the indicated tool. Followi ng this, the

user presses Next. The CCS responds by presenting the
W@ enses3itnage 72 (see Figure 14) for "Tool AddPQI/US2004/015785

Form" The user then addresses the various pull-down

menus of the data field shown for assigning IO where

requi red, followed by pressing Finish. The CCS

responds by bringing up screen inage 74 for

&Mﬁ@fﬂ@ﬁ]ﬁd 3R8iatkd Mhef"scbrééﬁqm L b gﬂg%‘gpe Huﬂ-lgﬁ N 3fehus

sinply enpl oys a conputer TOUSE f OF

atdglataciicldofpg ketry biddtg s wtilizdé Mﬂbﬁu@hﬁf@@ﬁy configure and

h / hi terf
RHFSL B8 Rexhe anany b insene st vats0n &H&Axﬁg'fggm:ép bistrated
I e
e e s st L

inventiof for faeilitating nexly déffsrestrfutdtions. athas ifdictidnPedn indiR@dy\O
05/ 008]§49 PCT/ US2004/ 015785 down nenus, and

wgar Jeleting p feal, addineaay deletins 3 chgmisakip @n@ ﬁtion‘aa toohul |
uti li zedlll(?IlC)aIﬁH g[?otl aadd ?roq‘t§1 ce)feg{1 afv%% P@O&gl&i%tmg a

Ri@ﬁt(leld I@Eaﬂ)s adding eﬂldeﬂa;mgf aﬂ@bu&p@ Qd@ihg ‘é? a8leBYSh Ve box
For . in the illustrated chem cal system the
Y09 & 4111%.% 1%t&geaélrﬁup<ﬁﬁgae§gmdmddmgcmmleapgan FMS (Ractory

il t iffer
AR SR 1A« O BB Pbtut nd
sdebmelt.i ghi rhavks, aaﬂeh daf rfidlgebetii e oﬂre@&ﬁrg&@h nfaBuBBring
froma tool, respectively, renamng a too addi ng or
PRACEt 15§ W@PV@eﬁ@%ng el erg neodifiestions, rhlgoagh e the present
ikvdnghg 1O Panel), adding or deleting a tool type,
&%1ng or deleting a valve box type, adding or
deletlng an auxiliary signal, adding or deleting an
Factory Mnitorin Systen) addi ng or deleting a
éﬁéﬁm@watmnstppl Deg illysiravestior sye iaractchemical prachssirgn

%43%“38 FPLosoP (LR o8F Dol AB-Le BRI QUR ke obiesipimey

ificd@tel dhiefgta ol bRpsRer dr tﬁéfd'epiﬁten{sh{réwgg?ﬂ‘é% epd?lflts bPfse
present invention. The configuration to

31141 pgtiarysiegalso Alses & fiepmigs theewerdalcopligre SIgnzrlgocatlons using an
IO Anywhere system, for placing system IO signals in any point in the control

system to provide flexibility, and limit construction and hardware costs. Also, it
permits the user to configure signals required for each system component, such as
defining a valve box as having a specific number of leak sensors. Also, it provides
the user the capability to configure system operational logic, such as the signals
required for activating tools, and supply valves, for example. Also, it permits the
user to configure safety logic based on the particular requirements of the process

system, such as the isolation or shutdown protocol in the event of a valve box leak.

Figures 16 through 20 illustrate the process of making a change to the
Configurable Control System for deleting a tool, in this example. Figure 16 shows
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systempernmts a user to add, edit, and del ete system
obj ects. These objects may include chem cal roons,

wael®peosser or bl ender systens, val ve boxes, poP@I/BSwH4/015785
use and auxiliary signals. Also, it permts the user
to configure signal |ocations using an |O Anywhere
system for placing systemlO signals in any point in
the control systemto provide flexibility, and limt
HESEATIE DR SEHEUEEE BORFon BT, Tk CIEUEFIAL 16
indicmenthat fous teis @4, TY eT3 mm)arwﬁilwalybmnaﬁedta\thmgm.
speci fic nunber of | eak sensors. Al so, it provides
the user the capability to configure system

oper gf %h%rlﬁ T Jle%gieg 1o i% ﬁ}rjﬁlse il hg'H%l e?]g}prrfe%ltjh%?ﬂm Ating a

activating pply va

P Broni the m@rnﬁfatcanidgq)mms the uz;ef:mﬁétl ‘t@gfneat #ef @énfiguegion
based on the particul ar requirenments of the process

EqpdisdvipinSglent Seyeemshopagn Figuan 1 brUsing the owH dewstmeensss, the user
seﬁ%ts o%ﬁ] %\nc?{)ﬁl%tev Qn&/ ﬁxeg gégét extF'togéJo %uél gs %hlé(&?]ﬁg %1;%96 18.

€ Process’o I'ng a ch ange

Cbnflgurable Control Systemfor deleting a tool, in
this exanple. Figure 16 shows 13 WO 2005/008349

PCT/ UBroea! M@eng at aphearSEADAT st Pelbtetscrsan shawwin Figure 18.

creen cated on he PC. . T n F| 6
8 B D P Pl Iy s TS Tob 5B, s example
the luédr ablkyts qeBNe ff“? dortt @14t1eR ﬁaa&&heldoﬂﬂgara%&eco&ﬁﬁ isgtemt Phe
nodi fy the manufacturing equi pnent by elimnating a

upgbihen pragses Kenishatouiinpdenogrit e tpwde@e sthe GonfigurationPatabases.
begin at the Configuration Tool's Main Select Screen
shown in Figure 17. Using the pull down nenus, the

user N&&! @6 ufer less@nke Bg Fﬁl@&lﬁentml KBenne St%@& Appagdtion.

to continue as shown in Figure 18. The next screén
Inibe Deplppacs Tool Stiwem Gogure 19);|t1m wesdovernadshiswnddtato the

B B g pBodlh LESGADA RIS BT Bpast SrERES o880 T W en
ogﬂnﬁﬁkénﬁ hrich, (B wiiPe §4%) Rididlnt PR BACSBOR! BRI ©

ntrol stem user then presses Finish
Figple@nd herefd:ne thrpuim ez dovitlbal 1@unddty to BEC 8A M@Bb@ @8.1s

@éﬁ%&nﬁ\gﬁ? ﬁlfllg]g{fﬁaﬁlglggs Sr%%ess hSnCDeEPLé) gjr{elg ch-lr ?é)({ tﬁerlgser sw1?ches
control to PLC 8A, then updates PL.C 8B. The user also updates the SCADA display

and database by pressing the corresponding button as shown in Figure 19.

Figure 20 shows the updated SCADA Distribution SCADA Screen. As

expected, T4 is deleted and the connection is now a spare to the CDM.

In summary, with further reference to Figures 1 and 2, the CCS is composed
of a plurality of components, that combined create a user configurable Man Machine
Interface and process control of the illustrated Chemical Distribution System 13.

Also required, as shown in Figure 2, Ethernet Communications is provided between
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In the Depl oynent Tool Screen (Figure 19), the user
downl oads new data to the PLCs 8A, 8B, and updates

W b@sB8G3PA di spl ay and dat abase of CMS server RCT/US20841015785
opti mal configuration, there will be two, redundant
PLCs 8A, 8B, as shown in Figure 2. Therefore, the
user can downl oad new data to PLC 8A while PLC 8B is
controlling the manufacturing process. Once PLC 8A is

ﬁ’g@ gagg?[gf_%%g]ésg %‘hé%;%?v%g i lg%ﬂl:ﬁ (rfg%lg]tg,let Jﬁléquqgmﬁwgpq of the
@s&ﬁ{ AYo cRER ARABAR[RY! BE 8SI1Df %ﬂbech‘éﬂﬁd'a? aﬁﬁﬂﬁiﬂtlﬂﬂ system

Bbutton as shown in Figure 19. Figure 20 shows
uplkivre dheSOabiguiation in ConfiguwatbGADAalBse deinfordmtion xtpmdtm dhe

i s dele and the connec isn ar o the
‘Jé%m%w@wﬁgwe 3 Yﬂyﬁmtwgﬁap P@ﬂgﬁgw%sfﬁﬁ ﬁaégsef 1S
&g‘f’e tedtlﬁ‘t%t C?lafé%glﬁgsl@‘hd afe SoRbUr Bkdvhye f

onent s, at co ed create a user configurable

MenPME cdhtaraerayllﬂtcemfams ¢abdesdajdrome @ssmenitdr tomatth thé memory
|IIuTtrated Chem.cal D st uti o

epg eut lgsthg]%{jm i4s the s gon g}ft ot e giatabase tables are

SHL AP ST RS

Ibgici tabl mabledmpﬂ en ifker nhabecfor howeptnyafmdsithe logjcsshenid be

I S §| 8@;&@?9%}%{)% %ﬁj " Itt]%?ﬁr %gq;étg gfegqﬁg)t Qrtg]!édcl)l‘fl tab{]es that
[ t
B 194 ST Rk i

abuntd arihan duild bfithe cobnfigmible dhetrod aysadin $ibe darp st number of
segregated into the PLC data arra){)@éo and t he SCADA

Harihpted dnpyit/owiput pointsy andithg maximuin bwid o4 pbiscts i beeontlgd

gy 8 B P! BB BYBEIRE Y welleBuer el
pabibési/@peint ipahePBCSontrbhsysiepy tHe@It@ dzﬁta aﬁay"mo béatds an

and or/ that the lLogic for this particular 0
matsh dor the dqgimnraays amgle&’rm HPigatTrHeEW aFQy- ’ﬁ@w@agﬁghe logic to
SEPEE 406 ASONSn 0V s P RS b w1,

inédth@sioh v edAPLIC DAEHLAIE BREY | Rintehe PLIT igpgichida fTogrhhe9,
PLC application software 9 i s desi gned
one after the other, and populates the PLC application program logic array with the

information stored in the database 10. The Download Tool 7 loads the logic array to
the offline PLC 8A, for example, and when the logic is to become active, the control
of the distributed I/O in the system is switched from the active PLC 8A to the

backup PLC 8B, and the new control logic takes over, as previously mentioned. The
once active PLC 8A is now backup and information is loaded to this PLC 8A via the

download tool 7.

Configuration Download Arrays: CDA’s are 2-dimensional double integer
arrays “DINT’S” that contain the reference location of the real world input, output,

and internal variables stored in 2 Main Bit Array. The CDA’s use the reference
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around a maxi mum build of the configurable contro
system (the | argest nunmber of distributed
WO p@andsses put poi nts) and the maxi mum buil d of PODPSDE015785
to be controlled (points of use, valve box |eak
poi nts). By assigning a unique nunber to each
possible i/o point in the PLC 8 control system the
PLC data array 10 becones a match for the |ogic
f .
BSLAY bAc WBTefs O RO BRY M8y SouRdah
ARSlyiandt ﬂ&lﬁdlSE)EDE staeretheislow TV @s highrfl  topdrfoam lbgmm each
PL&: Dat abase array 10 i nt 0 the PLC applicatiaon pr ogram
n g‘Hﬁ%OTaPP‘éffﬂotaﬂ SIgYS e 2-damensisd puivesh yaginglengths

R, e N T R L
Thél desh@gd)ita @braig 2t-dimeh§i6n DINT i AreayRidGciBhas £ pimepyalimkesion

and when the logic is to becone actjve, the control
ingex ﬁﬁ‘éaae@pﬂwm@wm@mw {llhe PEjrareRdesisawpd BHbe Datom

Cloﬁgetn%folr\rfséf Lag:ﬂ?@nﬁ& ﬁlrheForﬁ@e% ¥B vf ) Inshr c@lonaﬁ‘ﬁ gé&gla&%yhe

over, as pre y nmentl one

dengsioadhdexecoBtains8Re teFeromw 16aaioH f eHednpurfop bﬁq;ht &hintenal bit
| oaded to this PLC 8A via the downl oad tool

fropvihe Maie Bitewrapolieg primamdimgrsionopll by rgfesred 1o aw‘émé@é’raaﬁ

0 n "Dl NT, S" at _contain the
it ab NififRGon SA BY Rpovd MliPoogfnf o0t 2 M TS
EﬁﬁﬂplenCSﬁﬁlglleﬂbﬁbAﬁﬁyStor ed in a Main Bit Array. The
CDA' s use the reference 15 WD 2005/ 008349

T9%r/ UsZbo4/ 018785 1%ocation to | ook up the state of
Netrfelesterut or 8ut put ®0internal bit of the Main Bit
Indexr ay aneffiddn®Boctfisientt doeffigdnget €, either | ow "0" or high
4"1" to performlogic. Configuration Downl oad arrays
are 2-dinmensional but with varying |l engths depending
2upon the logic that nust be perfornmed to determ ne the
deS| red result. The design of a CDA is 2-dinension
3DINT Array which has a primary dinension index and a
vegrapgary dinension index. The prinary index is used
in the Data Concentrator Logic as the index in a
For/ Next Loop instruction. The secondary

TempO: TempO is the local variable name used in the Data Concentrator PLC
8 logic that references coefficent0 in the Configuration Download Array. Temp#’s
range from 0 on up to 150 for some CDA’s. Temp Row in the CDA example has the
Temp# for each column or coefficient used in the logic. The coefficient0..150
contains the location of the real world input or output.

Not Selected: is the reference location in the MA.Bit array that the
Configuration Tool stores in the coefficient where the coefficient in the logic is not
selected or required or used. If the coefficient reference location is 0, then the state at
location 0 in the MA.Bit array is always 0. If the coefficient location is 1, then the

state at location 1 in the MA.Bit array is always 1. A Coefficient value of 7900 is the
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di nensi on i ndex contains the reference | ocation of the
i nput or output or internal bit fromthe Main Bit
wW@reapos3The primary di mension will be referredP@DUS®04/015785
"index" and the secondary dinension will be known as
the coefficient. Exanple: Config. Downl oad Array Tenp
012 Not Selected 1 0 7900 I ndex
coefficientQcoefficientl coefficient2 1 2 3 Max
r ; T '
roP R o R o AR SS) [t AP el B pORTGL Sfc RO el
diffeednt ifa:re:atlﬁypl of 6B A ol g Weladted rovDshvaw saael cdkffﬁaynt value that
ran e fromO on up to 150 for sonme CDA

Shpél% %Wiut%“ pleselepi thg awfﬂne Theglaceraent pé fior 1105 r79%zm0 the
f gic. The

C?%e#ﬁg E:e?[énr%%g%g’ %%C&gﬁo%# ?%sfo{aﬁg%%rgtl on of the real

world input or output. Not Selected: is the reference

location in_the MA Bit array that the Configuration
Tool Alangrsegilarinedhe SEATIA Agplicaea S fees BalPrises ent

pipfofidd e APhe el oty RBHEE ol o6 Rla 87 sCdpa

appliehtforat Sindetsaah HRIBCADA dppBcdiidn Bbftware! 1aYand$h@Cv@ygurion
If the coefficient |location is 1, then the state at
Too)Anmnlisation softwaeangathaiConggyratjon @a@bmylsrealde A a Personal

RS bS8 A G o

toQdiédRel bbjettBahd Whitdatibe ¥@vidiEing p%bé%&ii)eraﬁbﬁ C&hé blylneed for the
is different for each type of CDA, the not selected

Dewwlogt gnel istie updnss the SCAIPAvag dataliabat  shoul d be used
to "Not select” the option. The placenent of 0 or 1 or
7900 into the

The SCADA application 11 is centered upon a hnked series of viewable

screens, pre-populated with the maximum number of objects. The objects on the
SCADA screens remain in an off state unless the Configuration Tool software
animates them. The enabling of the object and the creation of the object tag is
derived from the Configuration Tool database 4. Each time a linked screen is
opened, the SCADA application software 11 gathers its animation data from the
Configuration Database 4 and activates the objects on the screen of the computer
monitor (not shown). The SCADA tags are a set of addresses for I/O points that
reside in the PLC 8. The SCADA software uses RSLinx or other communication
OPC drivers to communicate to the PLC and determine the status of the SCADA
tag. Animation then occurs based upon the state of the tag. For instance, if the user
defined a leak i/o point of a valve box. Based upon the location of the screen on
where the valve box should occur, the SCADA application using the Configuration
database creates an tag containing the i/o point address, assigns it to animate the

SCADA object for a valve box leak point, communicates via RSLinx on the state of
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CDA is determ ned by the Configuration Tool software.
Along simlar lines, the SCADA Application Software |

wo 200800833®s predefined database tabl es that aP@&I/US2004/015785
popul ated with configuration data of the SCADA
application. Since both the SCADA application software
11 and the Configuration Tool Application software
and the Configuration Database 4 reside on a Persona

1), the SCADA. appl.ication 1 )
P Fbfther ol 30 BEMMireuch Daooroingyy” Efis £ o faalluna et
droci@ed oithftled scyée®@WM Ng process operation. The only need

for the Download Tool is to update the SCADA tag
dat abase. The SCADA application 11 is centered upon a

the. rsc T drafdl® G CoRRiS efireeibe irsestanvention
[BEADA aceree B&illﬁr_%ﬂﬂﬁgﬁné,rhna%aq{tefch;ﬁ{géﬁ B dhafi ctf%-ﬁlgg process

Configuration Tool software animates t

SYpiany MigodrequiEng b pmgranamer tolvhangesht saftwané. TheCalsjpeahits a
i deri.ve om t he Configuration Tool database,

8 S O G el et v o sisaieOeris retAmRosiated

TR Qo 636 Epeene Th cBRbNESe 1‘5&&@@@&&4&9 téjglto?fkdg a

fromthe Configuration Database 4 and activate
usey] idh 8 “plugiané pkw? eevironmenhfor ttenpset’ emanafactuting pforeds.
shown). The SCADA tags are a set of addresses for 1/0
points that reside in the PLC 8. The SCADA software
uses Aol vriodlehfbod i AHIMAY (68 lvetior Fave Bl Holin! fha
conmuni cate to the PLC and determ ne the status of the
dsgaibad, theyyare Ant maarit embe hmitinge dihose bfxskdldlin the arttohe 18édtineze
f .the .. For instance, if the _ user,_ defined a |eak
cfitash S fohgprelo s b Riments, adicyBrtifintions e ment i be
ch @SBV 8RR w@g& houl d occur, the
SCADA:gppIngfPon ugfzg%t g&%%ﬁ?géﬁsation dat abase
creates an tag containing the i/o point address,
assigns it to animate the SCADA object for a valve
box | eak point, communicates via RSLinx on the state
of 17 WD 2005/ 008349 PCT/ US2004/ 015785 the tag
(either on or off) and animates it accordingly. This
is done for all the objects
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associated with the screen. As shown above, the

Configurable Control System of the present invention
WEesies4a user to easily configure, and make PCHDSE4/015785

to a manufacturing process system wthout requiring

a programer to change the software. The CCS permts a

user to readily add to, delete from renane, view, or

create Objects in the associated nmanufacturing

9Gess . System The effect of the present invention is
%—gﬁ?@?—@é—;& user with a “plug and play" environnent
f X codPRudeRE contioR Byt [CCS N Br @h%ﬁﬁa%miﬁlg?hwém}fé@ﬁi, @34S

enbodi ments of the invention have been shown and .
vidisgaruspretie abifigytoaepidlystonfigantor resonbgure thetdsprylatqthproecssmg
skildl in the art may recognize ertai.n. npdifications
temngv ‘f}f?é%ﬂleé’r%8g]’ﬁ‘?§¥?ﬂ%?m&ﬁ?(gﬁ tﬁ&gp iCHPIENS are neant to

b&onfi V8§ t0BY mehe BPpdridittiabd u8&A0 SardlyldBinS R YAY&ER], logical,
cl ginnsw 18 vxolﬁloos/oggmg P /uszoo??o?(smré vx?ah? s °

| cGhtadlroedfigwration fou tie agsaciditdproosssimglsysigmy said ¢apdgyration tepl

B A 00 niBbn i e o
fiBH806 A MbIRLQREPSY Niser bS Bivéh fikgut the use of

progranm ng tools,” the CCS conprising: configuration
t copenvisarysconto! pelrdutd adgqnigiteonusens (SCABRA) donautiehiteelly heseiving

hysi cal , .l ogj.cal, ., L ntrpol configuratign for t.he
2 Bt e obaepitttusrge ER0 b oreeaie « Hrnby A A sing system
) RS O O AT e,
wionpkiestngenerabeyand cherge Amaangihise inténtees (MIMBy ards or y

kel ok e br e e DS e oo g o sid
\fi a&@aﬁ?@sé Bile t%%gsigrﬁ’gli)gf/bﬁ’cgutt(%ﬁﬁﬂl 18 icﬁoﬁgedﬂ{lpgﬁ?l%sdégﬁed

ystem I 'guration; oy changes to t processi ng
tesycohfpuratiod atgmy @ivenninat. any given tinme, and

automatically generate and change a man machi ne

interface (NM); and progranmable |ogic controller

TBASCES b BHATBWHER %iPERRRRM M 10 nRkaht AITRREd

form based graphical user interface (GUI) software for providing screen images with

1-down menus to facilitate a user’s ability to configure and make changes to the associated

)cessing system.

The CCS of Claim 2, wherein said SCADA means includes:

a deployment tool for automatically generating graphics and alarms for display based
the system defined by said configuration tool.

The CCS of Claim 3, wherein said SCADA means further includes:

monitoring means for monitoring the status of the associated manufacturing pfocess

tem.
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ifiguration database file to assign input/output (10

and | ogi ¢ based upon the desired tem configuration at
w@eosgossen time. The CCS of Claim1l, wherein sBCTUS2004/015785

configuration tool means includes: form based

graphi cal user interface (GQUJ) software for providing

screen images with .1-down nenus to facilitate a

user's ability to configure and make changes to the

assocl at SS S ste The
Saner a5 of GEBA TR&HE St dtumapiClogic s phermeps
11f1(9ﬁdé§ YERAR tgy%%r YmBRBR184iL BOntEdIRE Yok ﬁlaﬁﬁﬁzﬁﬂg&ﬁé"ﬁpﬁxﬁé for
di spl ay base he system defined by
thoassogiated triapnfattmohg pidvessGg8emf Cl ai m 3 vvher ein said
SCADA neans further includes: nonitoring neans for
monitoring the status of the associ ated manufacturing
roc /
e O G G R e e s
cont mdahe forrpeaniting aden tteadd; edityadddeletersysfemmbpdsiise
| ogic controllers for maxim zing the uptinme for the
associ at ed manuf acturing process system 6. The CCS of
A ai fipe d@s%ﬁcmg éfaﬁfsala%ﬁﬁg&al&p@m #EASncludes;
inclu means for permtting a user to add, edit,
and dﬁéaﬁt forpestieting Dbjer m:d:cmﬁgﬁre sigmal BCBiwss tChhrcelQ 81gnals
V\,herel n said config uratl on tool neans includes: neans
af grauped }ﬁcf‘tt“?lﬁdnéalﬁ%mrq SY¥®Rf i gure signal locations to
place 10 signals at required locations in said
control system 8. The CCS of Clainm, wherein said
gonf iGurrCCs of\Claal, winaeia shidconfigaatiomwahaedmrincludes:
permtting a user. to conflgure Si, gn?ls requj r ed f%
each B8 &1 permitting\pussedp enlighes signals jr@iiesdos gcl object.
configuration tool neans includes: neans for
permtting a user to configure system operational
d.0gi CThe CCS of Claim1, wherein said configuration tool means includes:

means for permitting a user to configure system operational logic.

10.  The CCS of Claim1, wherein said configuration tool means includes:

means for permitting a user to configure safety logic.

11.  The CCS of Claiml, wherein said configuration tool means includes:
means for permitting a user to add, edit, and delete system objects;
means for permitting a user to configure signal locations to place IO signals
at required locations in said control system;
means for permitting a user to configure signals required for each object;
means for permitting a user to configure system operational logic; and

means for permitting a user to configure safety logic.
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10. The CCS of Caim, wherein said configuration tool

means includes: neans for permtting a user to
waeonwsioggine safety logic. 11. The CCS of C ai ml pCTHIg2004/015785

said configuration tool neans includes: neans for

permtting a user to add, edit, and delete system

obj ects; neans for permtting a user to configure

signal locations to place 10 signals at requi red

|.ocatj o aid_co trol for ti ng

13° e LTS S R em B el GeefeBbiep b o Blse P et
S84 CAD A 588w fcatiBn.confi gure system

op gr att}lt or?gpgl ogi cs ande Eglacr?sl rflor permtting a user to

confl gure safety logic. 20 WD 2005/ 008349

15 gr{j e %%gé,g%q%ﬁg &O%V%ér@%%gﬁgg@grggéea% %ons1sts OF 2 BE

. > @%951 application. 13. The
C@@H{#f@%d@ mﬁé}?‘e@ée%ggﬁégﬁggm toring neans consists
of a GE CGnplicity-based SCADA software application.

The CCS of Claim 1, wherein sai p rammapl e
1I409| J@&QS of Claim e wherein s3id RragemERAblg qgnirg}ierymeans
thod for provi di ng
e R A A R R A0 b ™, o per i ¢ user
to rapi dI y confl gure and/or change a manuf acturi ng

pr ocess system through use of_ non- rogml e toals,
Sai d AvBrcHiod fenproiddn Srycantiguipplerontpl sysie go germut a user
e T e D

oﬁlﬂrbgflainm&lmbbﬁusraﬁl bthopcompsingthesyeps o]  recei ving

in a configuration tool initialization data inputted

by a Ry@edmg.aagrarﬁmaé ut dnteress ingluding @ phiraltyof mengdriven

sgrcerﬁg i‘ergfﬁ 21 oﬁerlgr? %rﬁat}serct% Jn¥1aff£§c§ it agé ﬁ o%lessmg system,;

C ont gbdviviflg hh@c&ﬂ'i@ﬁﬂ@iéﬁ%dl@ﬂﬁhﬁl@iaﬁ&ﬂ dgka piirted diyadiser via
stemr ece| ved from sai d user;
se ected ones of said plurality of screen images;

automatically operating said configuration tool to produce a database file
containing the configuration for said processing system received from said user;

automatically transferring data from said data file to a supervisory control
and data acquisition application (SCADA);

automatically operating said SCADA to deploy changes and generate
graphics and alarms based upon the processing system as defined by configuration
data; and

automatically transferring data from said data file to a programmable logic
controller (PLC) application, which responds thereto by automatically assigning
input/output IO signals to components to enable logic based upon the present

configuration data.

16.  The method of Claim 15, further including the steps of:
21



automatically transferring data fromsaid data file to
a supervisory control and data acquisition

wa@ppbioesssd on ( SCADA); automatical ly operating BEI/tiS2004/015785
SCADA to depl oy changes and generate graphics and
al arnms based upon the processing system as defined by
configuration data; and automatically transferring
data fromsaid data file to a progranmable |ogic

control l.er (PLC),app].icatian ichr opds thereta

by aveyiaiie i e BB s ereR 1 BUrBO choey ghiPetiesn

: e , . pr .

e 3180 6 [ s RO Q1 (R procassing

skstemher including the steps of: 21 WD 2005/ 008349

PCT/ US20Q4/ 015785 rovi di ng \vi a saij raphi cal user

i nt e FOFRENG T %ﬂqfﬁwwnﬁ%ﬁ&af&ﬂ?%wgégﬁ% Vel s ghateng the
iL i .changes in the configuration

O e et R Moot vi ng | n s d

conf iagtemadtically dimevhtimgastanl configttation wpl tchéhangethefdatabase file to

changi ng. the, confi guration of the processing system
the PR AP IPNSRETAE PIOGESSIBFYEEME i gur ation tool to

Chan%ﬁtmicg%ﬁ%%ﬁ%hﬁa%m éa@@dﬁ?‘[{’ﬂ%%i Ablaon for

sai d processing systen automatically transferring

dat a dutonmtizallyoptaiting daldeS € AD2atiodleSOHEHE chaaptsomedtgenahiey
sai d SCADA to depl oy.t he, changes _ and

operatin

%@ﬂlé‘?aéﬁlég algpapbased PPiHide ap% crBfigudtion dip At he new

confi ' e j 4 f [

o o aisaty BRI MORTR b ilgulordoh 30 Rk A duiiil
t6 @aid m;@niphﬁcm?bdhm, respondhby asmaantitxllynssgringratput/abtbyt 10
assigning input/output IO signals to ¢ onents to
signalsl te cpmgpreiniosaablp dogie hrscddpen the an%ﬁégj %ﬁ&l%&ﬂaaﬁn data.
data. 17. The nethod of C aim 15, wherein said step

of providing a graphical user

17.  The method of Claim15, wherein said step of providing a graphical user

interface further includes the step of:

permitting a user to add, edit, and delete system objects.

18.  The method of Claim15, wherein said step of providing a graphical user
interface further includes the step of:
permitting a user to configure signal locations to place IO signals at required

locations in said control system.

19.  The method of Claim15, wherein said step of providing a graphical user
interface further includes the step of:

permitting a user to configure signals required for each object.

20.  The method of Claim15, wherein said step of providing a graphical user
interface further includes the step of:
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interface further includes the step of: permtting a
user to add, edit, and delete system objects. 18. The

woredokooB3ed Cl ai m 15, wherein said step of provPdi/ngR0a4/015785

graphi cal user interface further includes the step
of: permtting a user to configure signal locations to
place 10 signals at required |ocations in said
control system 19. The nmethod of Clainl5, wherein

said step.of providi a graphi cal. user . interface

F ar t MRS LR 12 5T CRE IR e PP OEiE, Wer ¢ o
confi i % EStidhFedrdPloghach obj ect. 20. The
nmet hg%ﬂ%@l%%ﬁ%rs, whérein s}gi0 step of providing a
graphi cal user interface further includes the step
of : 22 WD 2005/ 008349 PCT/ US2004/ 015785 pernmitting a

user to configure system operational |ogic; and
permtting a user to configure safety logic. 23
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