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i nvention reM}M4873§ n general, to process control, and, mBEAUS gﬁ?ﬁﬁcularly,
to anal ysis of process data in pharmaceutical and other capital intensive
manuf acturing processes with batch data distributed across a plurality of
di sparat e dat abases, to identify and denonstrate interactions of process 10
variables that are likely to strongly affect desired outconmes. 2. Rel evant
Background. Geat effort is expended to control manufacturing processes so
as to avoid process par &E&Q&ﬁgg§g§ J in unsatisfactory
product and to enhance sﬁg el %%$Q§H§§€®W%§6gh%§rior product .
Nowhere is this nore 15 tPHARMAGEUTICAANDROTHBRIQAPITAL.Of pharnaceuticaks,

food and food suppl enent health care pr oducts and capital intensive
manuf act uri ng processes i ot MANUHAEURING BRAGESIES | nerease the ri sk

to consunmers, increase costs, and waste resources that could ot herw se be

appl i ed towards nmaki ng cost- Bﬁ\formg_(ﬂmpqmqu; yevinggenand ot her products.

20 There is a class of data analysis problens, frequently encountered in

manuf acturl ngg tha}{. @ &‘5 s¥ Wnetn a specific sequence or conbination of

events or £ es an undesirable out cone, usually

unsatisfactory pr ese u on desi.rab find those
’ﬂg prtefsen mv&iﬁxon reisatés M%}ﬁ?ﬁ tﬂ pégcr%? %%r{trog in%a%ng\

vari abl es and their ~ ¥anges val ues’ %ssoci at ed
wi t h t he undegpartiatilady 2o anm@mmnﬁproiesoﬂata mr;ﬂ;hrzszmtumu andbtheetiphds ar e

limted in their abilit rovi de i.nf oy mat i on. woul d
t herefore be H‘é%qs’rvﬁﬂaé’“fa(? é)r%cem%ﬂm%e!b ‘f%b Eﬁ"?ﬂ??@i‘w 2 whi ch
sol ves these bygieserak ddebasesnalifieitiFy pﬂ@@émuafednteeadﬁawoﬁpﬁobmr e

i Ienentln t he nethod i a computer which _can be used b rocess
P g var(iaables that are Pkely to errpongly affect desired outcomes. y P

-

2. Relevant Background.

Great effort is expended to control manufacturing processes so as to
avoid process parameter combinations that result in unsatisfactory product and
to enhance the likelihood of producing superior product. Nowhere is this more

15 true than in the manufacturing of pharmaceuticals, food and food supplements,
and health care products and capital intensive manufacturing processes in
general. Defective products increase the risk to consumers, increase costs, and
waste resources that could otherwise be applied towards making cost-efficient,

effective drugs and other products.

20 There is a class of data analysis problems, frequently encountered in
manufacturing, that occurs when a specific sequence or combination of events
or process variables causes an undesirable outcome, usually unsatisfactory
product. In these situations, it is desirable to find those variables and their
ranges of values which, in combination, are associated with the undesirable

25 outcome. Traditional statistical methods are limited in their ability to provide

the required information. It would therefore be desirable to have a method



operators, supervisors and engineers. Principal conponent regression (PCR)
techni ques pronmse a nore 5 effective analysis of manufacturing data. PCR
anal ysi s has shown high value for focusing attention on those controllable
process par aWew¥ts3& hat have the greatest |ikelihood of RGHIHSVI4AE

manuf acturing by subjecting the process data to a two-step process:

Princi pal Conponent Analysis (PCA) folléwed by regression. Mst |large data
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provi de usef ubdyaoiage.-- a'hd-lsﬂwrmld)y transformmg the data so that the large number of

15  correlated variables are replaced by a much smaller set of uncorrelated
variables. The new, smaller set of variables (called "principal components")
contains substantially the same information as the larger set of raw data within

measurement error.

Traditional statistical software tools are available to apply statistical
20  process control techniques to available process data. Examples include SAS,

- S-PLUS, StatServer, Statistica, Matlab, Impropmtu, Mathematica and JMP.
Several of these packages have good 2D display capabilities for standard
trending and bar charts. However, each requires some amount of command
line programming to perform PCR and they do not support robust, flexible

25  visualizations. These software packages are generally difficult to learn because
they include a comprehensive set of statistical techniques, most of which must
be sidestepped to do PCR. They lack sufficiently powerful, flexible and
intuitive graphic display capabilities for visual pattern recognition. Most have

limited ability to handle the very large data sets that are common in



wor kf 1l ows specific to the requirenents of phar'rrac'euﬂ cal and other capital .
I ntensi ve manufacturers. Mreover, there exists deficiencies in both the
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their own, yet can be a strategic asset for manufacturing process improvement,
trouble-shooting and control. The value of this data can only be realized once

the information content is extracted and used for decision-making. Thisis a

widespread problem in the pharmaceutical industry. The lack of a well

integrated data analysis and visualization software system easily usable by non-

20 programmer scientific professionals is hampering the ability to extract

information from their manufacturing data. There is a need for systems to

assist with lost batch avoidance, process imprdvement, trouble-shooting and q :

technology transfer.

Process data is often stored in legacy systems as well as modern
25 database architectures. The process data is often distributed across a variety
of hardware, sometimes at a variety of geographical locations. In practice, an
analyst wishing to gather a particular set of data must request the data from
the variety of sources, condition, reformat, import and export the data in a

manner that is compatible with the analysis tools. These processes delay the



Unfortunately, relevant data is often not included in the analysis because
of the difficulty and delay in obtaining the data. On the back end, the
statistical anpalysis tools often provide only a raw 5 nuneric output or at
best two- di r%ﬁgyé’?ﬁ?l and sometimes three-dinensional refB8EAY248Bons of
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Briefly stated, the present invention involves a method and system for
There are some very capable three dimensional and four dimensional

15  graphics applications available on the market, for example PV-WAVE and
Advanced Visual Systems (AVS). These graphics applications are competent
at quickly drawing a wide range of sophisticated displays, and they can handle
the large data sets common in pharmaceutical manufacturing. However, they
either lack the range of needed statistical capabilities and/or they have steep

20  learning curves for either command line programming in the case of PV-

WAVE, or object configuration in the case of AVS.

. Regulated industries have unique needs for retrospective batch process
data analysis, demanding powerful capabilities for statistical analysis, pattern
recognition and data visualization that are not being satisfied by currently

25  available systems. These industries need continuous process improvement as
well as the ability to accomplish process equivalence demonstrations,
demonstrations related to product lot release, and product specification failure

avoidance.



di splaying a process signature for ready visual recognition and -
comuni cation of process data. Process data is stored in a plurality of
data storegodfighs data 5 store holding a plurality of rRGRIsEH4rNt @i NiNg
process data, each record associated with at | east one process conponent. A
proxy virtual database is created frgmrecords selected fromthe data
stores. Statistical analysis operations are applied to the sel ected
records within the proxy virtual database to identify process conponents

and conbi nations of procesgoRIRRYN FHENWAGTEOR Significant effect on
characteristics of a product produce eas hree characteristics of
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FIG 6 and {]:I G 7 W aI fgr nate 2-di pmensi gnal resentations of a

pr ocess !¢ onbavéts %F‘éﬁ QR EReTantstisHEs P ‘EB“’&“S roducedy j Afleast per f or mance;

and FIG 8 tﬂrwaiaf@t&ﬁsnas O thd Mdentified protess donbms ard ﬂ&ldug\ll feature in 5
accordance wth the present_invention. DETAILED DESCRI PTI THE
PREFERRED EfeplpyqdpRpn animated three-dimensional representation displayed on a

dimensional display, the visual display indicating directionality and extent of

the characteristics of the selected process components in relation to the

15' selected characteristics of the product produced.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates a flow diagram including important steps in a process

in accordance with the present invention;

FIG. 2 shows in block diagram form a system implemented in

20  accordance with the present invention;

FIG. 3 illustrates a flow diagram of steps in.a PCR work flow in

accordance with the present invention;

FIG. 4 and FIG. 5 show exemplary 3-dimensional representation of a
process control signature generated to demonstrate process variable

25 performance;



A manufacturing process conprises a conpl ex sequence of process conponents
where these conponents include materials used in the process and
operations performed on the materials. The process conponents al so include
10 the machiVWee/H¢ t ool s used to perform nonitor, and ROTUSeI24788e
operations. The operations transformraw materials into internedi ate
materials and internediate materials ithto finished goods. The present
invention is directed to a systemthat enables manufacturers to inprove
their process econom cs, postpone new plant construction through 15 yield
i mprovenent, reduf¥.th Qﬁ@agrShQW altorpatenrdipirasional peprdsantations fisl ogy
transfer and_ti . i i d_product. release tines.

I t addresseé)rrét“ﬁgs %dr?xlt{o?\é -%ﬁreee%@g(t)(?H%&r@ﬂqaieer%ﬁeggyﬁ@?p?r% r'g’&f’%ﬁ’ ed data
access, analapdis and visualization software system easily usable by

non- progranmmer manufacturing professionals. The present invention

i ntegrates stati s : i report wi.ti ith mddl eware to
access data sourcgj'é&?cgllt% % égéeﬂgbgsg?lo%ggeasﬁ%gnta{élf?)?’?lg'é.lgﬁ'ﬁééaﬁfé’éent i nvention
i s inpl enént @dcardanse syith therptdsent imentibd.es point and click access to

di sparate data sources distributed throughout an enterprise as well as
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i denti fying and cAmRMELANEGroddS Qs SONRPIPSe Wokln process
data sets is pattern recogn?%r%n. %@; Sgtgtcé@h%%grﬁgégke{)gﬂg%%ﬁi ps between
t he neasur ed cprpesests whare sisse somprhentsdnclpdeopatesaly usaionehe processgndct ual
operation. The.d0ghs desf 23L VS 01/18736_ PCTI USDQ 24788 7
results that g?rect_s %cto?@%és?&?%qgaet?]?%%' g%'%géeéggsscc(?ﬁ’tp%?m?ﬂs? ng“gﬁtur e. This
reduces War itheowhdhinesiand prodcwed to perfome snanitdr, ainl @abtrolrthe 0peratioml ds to be
biased to th 1 av. le side of .their range., These topls can al so be
used to reve?gg%érg%}é%stg&%g%%er W el m? 75{7‘88‘[3?"0‘8%}8{‘5&&5 ity, and
denonstrate preowedktdmstesblsiith finkshed gegnsl at ory conpliance. Al of these
results help to speed new drugs to market and reduce their production cost
Y o 201G SDORhd dreAt enulc ik WERea BOSLA Fhat SR DAslch3A3 o AN
to improve their process economics, postpone new plant construction through

15 yield improvement, reduce the number of lost batches, speed up technology
transfer and time to revenue, and shorten finished product release times. It
addresses the critical need for an enterprise-wide, integrated data access,
analysis and visualization software system, easily usable by non-programmer
manufacturing professionals. The present invention integrates statistics,

20  graphics and report writing with middleware to access data scurces scattered
across an enterprise. The present invention is implemented as a system that
enables point and click access to disparate data sources distributed throughout
an enterprise as well as point-and-click mechanisms to visualize analyzed data

to discover key factors affecting process outcome.

25 A key feature of the system for identifying and communicating
informative relationships within process data sets is pattern recognition. The
patterns are relationships between the measured process variables and the

process outcomes during actual operation. The goal is to produce analysis



manuf acturi ng process. Two inportant objectives are deriving useful «

i nformati on about how the 10 process really works, and communicating it to

others. T | these objectives, four closely int eqG abilities
are used g‘yat%pieﬁ%ﬁ‘reesent i nvention. These are data access,hzsg“n i'ti oning,

anal ysis and visualization. The - firs and | ast of these, and the
i ntegration of all of them are inadequately addressed in current

solutions. 15 FIG 1 illustrates at a high | evel of abstraction processes
i n accorda (1D t o Lan. ' . l.et e process
dat o sol ut 1ohs bt BeadieRE B bok ok bonkraP il R, RS HHEE D1 rg

t he accessedridility in(p0@}s cuteamysamsl {1Ibd8)process yieldsitaliezddsedto tfe t he anal ysis
per for med PREFEARe e 20D aRET, ThGe SSREET VEP b el ShaREPER L ur i ng
process datadversél priceésydrift,dmprovielprodunt qaslity, Qidt depigastratzpiosigyONSt rat e __
ener at éa. sy 308 et Somaiaten AL PEBerRrPABIep S A TaHG ¢ he
associ at ed RERCRSRarlted hd re8udésBélr BRIdRLHon ¢4 By nahiMiziRg Ip&ifcatidha” 1 ncl udes
data and netadata representing process 25 conponents and process results.

Har dwar e syfalwas apHstingterhnolegy tiangfes and poaip-up.candstabilizing thet a have becone

i ncreasi nglyady Sés¥e and nore w despread in recent years. Process
devel opment and nanufacturing equi pment now routinely cone equi pped with
their own instrunmentation, .control systens, and database capabilities.
Because of i ncr &3 mpoftapiooisctives areslsingsefubadornation abawt hawithe) | 31| |~ 11

LHTE 1 40 1drbeddOrOitd Wk aE@IAH?QQi’cZAR@ﬁ to BifePS ! Po abIBRAMEYST €5 Now gat her

and store l'arge ambunts of raw data on_a routine basis wth every batch of
product naddjectives, fourqlosglit integratedicapabiliienarenised by thepreeant 3 dat a access -

tool usef ulinddheibhe These are data access, conditioning, analysis and visualization. The
first and last of these, and the integration of all of them, are inadequately

addressed in current solutions.

15 FIG. 1 illustrates at a high level of abstraction processes in accordance
with the present invention. Essentially, a complete process data solution
includes the steps of accessing data (101), conditioning the accessed data
(102), analysis (103), and visualization of the analysis results (104). These
steps, described in greater detail below, are performed repeatedly to analyze

20 retrospectively the manufacturing process data, idéntify trends that affect

outcomes, and demonstrate product quality and process capability.

. A manufacturing process actually generates two products: the
manufactured material itsélf, and the associated process data. As used herein,
the term "process data" includes data and metadata representing process

25 components and process results. Hardware systems for gathering and storing
raw process data have become increasingly less expensive and more
widespread in recent years. Process development and manufacturing
equipment now routinely come equipped with their own instrumentation,

control systems, and database capabilitics. Because of increasingly lower
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practice: of the present invention. Analysis application 201 provides a user
5 interface including both graphical user interface (GQUJ) . Analysis
application may include a nunber of statistical analysis _conponents,
i ncl uding t QW3¢ ty software packages, for providing Y&V 75 al ysis
capabilities described hereinbel ow Agal ysis application 201 al so '
I npl ements an interface to a virtual at abase engine 202. 10 Virtual

dat abase engine 202 is integrated into or provided as a separate conponent
from anal ysis application 201. Several ?rgﬁqm‘rer ci al database applications

provi de basi EHurRasE SYSFRS 1PV Srtherandiftere hrae amAets &f FAYaf#R 9 2 connecti ons

with a vari efoiriaé valad FitH V&9 batl of pediet Mades as wel | as providing
dat abase managenent tools to retrieve information fromthe data stores. 15

Virtual database engine includes, adapters 205, often provided. as plug-in
nodul es, that sup‘%&‘?? WitRakes 3 Rpsieprahgrectupsfor a dataaccers toplas .“F\Vi £ ual

dat abase engiRBcLOhe gﬁ@émeﬁve&xaweahayampﬁemﬂmi fbeiaeps ben from
anal ysis application 01 and generateS data store-specific_ connection

requests Aandingeréace dusluding hath graphical usepinterfars (GHkpr iAsalysigapplicatiowr of

physi cal dat : Ld . : ﬁ%‘)& L.cally renote
fromthe corr%&?g@iﬁ?ﬁpqu%ﬁp?,ﬁg&%ﬁg@g@ﬁgg%ﬁ ;é%egﬁlg}%ﬁlfo : Eﬁ@gfltgal dat a
stores may beoftwarplpeskagese foruprpvidingrwariawsdnialyisis sapkbilities tdesczibedchnol ogy

i ncluding fl fil e Uc uery | an )ass | ect
oriented que?éreﬁngﬁlgﬁagén%{)%%ﬁﬁéaéﬁﬁ&%gg? ﬂfégl.e%ﬂlt?ta gg’ﬁg%%'{egggsvémgaﬁgi ne 202

I ncl udes suf ditabsatengihe 20W edge about the type of database managenent
system and schema of each physical data stores to access and retrieve data

from the,physi cal : ta. r el ude, are not
limted tlg, Su per\\,/i?fs%tgﬁglﬁ%%%ﬁe%}ﬁme?r% q&ﬁ%ﬂ%ggtﬁté%{ ?’g%‘h?%é%%ﬁﬁep %g{ea store 206
of t en used t compomnehnfrom Bhalysi Shppdicatitas?Be SevRampbanmercial ddtdidse 11
111111111111112 unent.s_and to control

process par afih égiéé/q?gg#’%%g%%nﬁf%@%ﬁ%ﬁq gsg%glblhg ?i{“i MANCANBE at or y
| nformati on bihegtinsRiithSy edriey 6 ddvbpattaimpasitologies as well as providing
database management tools to retrieve information from the data stores.
1S  Virtual database engine includes adapters 205, often provided as plug-in
modules, that support connectivity to a particular database. Virtual database
engine 202 receives requests and control information from analysis application

201 and generates data store-specific connection requests and queries.

Virtual data store 215 comprises any number of physical data stores.
20 Physical data stores may be geographically remote from the computer
implementing analysis application 201. Physical data stores may be
implemented using any available data store technology including flat file
storage, structured query language (SQL), object oriented query language
(OOQL) and the like. Virtual database engine 202 includes sufficient
25 knowledge about the type of database management system and schema of each

physical data stores to access and retrieve data from the physical data stores.

Example data stores include, but are not limited to, Supervisory Control

and Data Acquisition (SCADA) data store 206 often used to monitor
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207 is used to store the data on how well the internediate and fi nal
product et specifications. Product performance in the field is also

| mport ant lese data are often stored in Adverse BxeptioMpRggenent
System (A@%ﬁ?llg%%ﬁh and other. simlar databases. Data on the 'Elg'}vav mat eri al s,
reagents and |l ot nunbers used in a batch are stored in the Manufacturing
Execution System (MES) 209 or the Enterprise Resources Planning (ERP) 210
system O her process data sources often have their own specialized

dat abases Yglnthh&eldro HAtrol st phfffRters uRICEH) mafthaQbiigg dat abase
managenment software. There ar@% alssg ape?ur ec@rrgs tg be %ea’lt with for
sone of t hesquiroessss Adabaraieny Infarmetion Meanagemenh Sysel|(bEVISpdatebdBat ch Record
Systens (EBRS):. | cessed
directly orBz%ts il ggﬁﬁ&a@ éfgttge g%gl?’?g‘gﬁo&é%iag'égﬁmgﬁa%ﬁe?%éls& gﬁeﬁqnt erface
conpat i bl e méttspecificaithmpt rod08pdrfirmapceingbs fickilienlsd Smpenmottendat a stores. |t
I S not usual fing five or re isla of productio ta..felating to
~a singl prtgmfcz{a?%a&ecogieg(’sgqrfgpleg?\m?eo}gwgSfan%engwggy f)tﬁns@‘]ﬂ&ﬁ ?q e

manuf act ur i ghgd-dthdrasimilardtfatabages e Dadd on tieuall atelnaehgshtd sndilot COr por at e

network such as a | qQcal _area network (LAN), w de area network (WAN), or
public net Ber el 18 beteh are gtareddp “EﬁMg?“ff??taPn%lgf‘ac‘{tP&r%YﬁE?ﬂ 20 net wor k.
The i nt egr aves) 2fo dritfe BRREprisetaisbaees PRRAIS 21/ syt Yeter application

201 with the corporate network enabl es point-and-click access to

i ndi vi dual RfaceBd3kesourfgs PBeR hiyedheir gvnispecidlized databates usingAragles r adi ti onal
appr oacy t Ngyipaks §bls CRxé hnd BiheflBhtibdst AihafRRnAL Sk agERS,aNd abstracts
the data into a single data war ehouse can be very costly. It is also
cunber sone alse paper msoedsetatbe dealk mithi far soree ofthe poecessdatauntintheconpl exi ty of
synchroni zat l.Qf: .l [ gh Ui a solution
can al so bgtﬂlrﬁﬁhogr;c?ﬁ%ﬁron\%ﬁﬁ@@%ﬁ%%ﬁ%(gﬁgﬁge corgl%(tgl ﬂr’%gui rements and
const r ai nt sotber goneces 243 mag betaccassaindirgstly pa gerbiigina datasppbeation\BD201/ 18735
PCT/ US00/ 24788 _1Q In cor danc L,th.the prese invention,..virtual

dat abase entéf'tn‘ér oﬁgfs a’ég}’geergas?gsc °@§?t\ét¥l’l? ?"é)tt}rhat"haga%%{/g{r)%t’mp?lcﬁgsisg%f’thaﬁt a stores to
Ccreat e B usemosedatg stodes. it ist noa lundatabtsfind v domoteaslandndfoproduatiopi es ( not

~originals) é)afta ?eﬂt?ncgttgda s(iIr?gtlg product batch scattered throughout an enterprise.

All the manufacturing-related databases are uéually connected to a
corporate network such as a local area network (LAN), wide area network
(WAN), or public networks such as the Internet or similar data transport

20 network. The integration of the user interface implemented by analysis

| application 201 with the corporate network enables point-and-click access to

individual databases and to subsets of the data within them. A traditional
approach that assembles all the data from separate databases and abstracts the
data into a single data warehouse can be very costly. It is also cumbersome to

25 implement, maintain and use because of thé complexity of synchronization
issues. In the pharmaceutical industry, such a solution can also be in conflict
with FDA mandated change control requirements and constraints on the

introduction and propagation of errors.



reeords fromthe several physical data stores. These copied records, or 5
proxies, formthe virtual data store in a cost efficient manner. Analysis
work, data conditioning, and the like work on the proxy records rather
than the o™MQMARPBE. Hence, the integrity of the origi naPCHYEN 2B ords is
not conprom sed. Mreover, the vi rtua,l dat abase is nuch smaller than a raw
recreation of the several physical da Ubases and so all ows rmuch smal | er
and nore efficient 10 hardware and software to be used. Once the

manuf acturing data are deposited in their original respective physical
data stores, theyltasfefdanqeayigfeibs presspt iny @giopcrEyalddatbase@eiieAdde ~ control

protection rﬁéﬂék{eﬁqaﬁﬁ&ﬂﬁlf deferal-FHysich] ?éﬁbb’es 18 Bafd d Kef sd1B@kg MY have

been present 1n the original data fromboth equi pment malfunctions and 15
human dat a enirtupl detagtore 21 ethat sonteing enpies (Hat etigisale). of prlectefidate, it is

i mportant -t o, ava e HPGhEa] é%@ic{ﬂoc{)aﬁ%tg@d;ﬂg Oépﬁ'ietdir%brﬁﬁeordat a (step 102

in FIG 1) to mnimze the 11mpac ere are’essentially four
ki nds of Sbagdtoxikaf formrthe sirtugl diaé stofe inm daai bificeent menmeapAnelysipavork,cul ar

val ues; outliers ari.sing fr ectroni ¢ aor other .rando 20 fluctuations;
er r oneous dafig\maﬁpflélflﬁ&mg’r%qﬁ%ﬁfﬁw flﬁodmﬁﬁ?d’r?’ﬁ’srtef‘?f%ﬁ’tqger afa- handling
errors; and efigindle! Elbncqithe Mtdgsitngf the afighiahédta edchds ipheisdiprgmiedicesses.

Preferably, analysis application 201 and/ or virtual datapase engine 202
nel ude an’ abfarpexsT.the wispsk até‘??ﬁﬁ&s‘?“’i‘é&‘&%aﬁ thaR R ABH SPBEANOE A ke i ni i zi ng

the effects gdvetd)papsidal BatabAks Hd R MlowndithRehafle! MdGadte REidi@R! aced with
null 25 values that wll be ignored by the analysis nethod, by val ues that

have si nilPar bardgareand softyaretorteaisednmi ni ng data in the set, or by val ues
generated by a selected interpolation function. Qutliers can be found and

removed for the poOh@Qasesmagifactedhg dhialarOdepdyitddin thGEoRfindiGedmEtAUt | i er rul es
or visual nethods, The%/ can al so ., be replaced by the sane nethods as those
R

used to handPysifeldstagianes they Temain Seely upplterasbberapsepidbeehange Wo 01/ 18736
PCT/ US00124788ntrch bréteteitRySir N6 AL REA. COforRbAdydalPerftre tlaf Syeasy to find
unl ess they show up .
have been present in the original data from both equipment malfunctions and
15 human data entry tend to remain in those databases. Therefore, it is important
to provide mechanisms for users to condition the data (step 102 in FIG. 1) to

minimize the impact of bad data.

There are essentially four kinds of "bad" data: missing data from failure

to capture particular values; outliers arising from electronic or other random

20 fluctuations; erroneous data arising from malfunctioning instruments or data-
handling errors; and corrupted data arising from other error producing
processes. Preferably, analysis application 201 and/or virtual database engine
202 include an ability to select amongst several methodologies for minimizing
the effects of these kinds of errors. Missing data can be replaced with null

25  values that will be ignored by the analysis method, by values that have similar
variability to the remaining data in the set, or by values generated by a selected
interpolation function. Outliers can be found and removed for the purposes of
calculation by the use of formal outlier rules or visual methods. They can also

. be replaced by the same methods as those used to handle missing data.

—
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as outliers. Their identification depends nore on the judgenent of users.
In each case tracki ng nethods are needed that |et users know what data
has been le.,ﬁ ned and how. Users nust be able to assgesybdifsafat feCt on
t heir anal yses f the chosen conditioning nmethod. They nust aI so be able
to repeat the data conditioning for fjyture anal yses without witing the -
altered data back to the original databases. Data conpression is often
applied to continuous data. There are several nethods used to conpress

dat a bef or e gefQghd ée.tggoth& e&:ﬁ%@@&& EFe 28 etaESE{o ﬁk@u&xgssqmymwp& storage

space required 1s reduced. An exanp where the ~ val ue of a
cont i nuousl| \asutiens. e'ahmldeetsfscatlamdamnds mpmshmndmm@fgms In period of

time. I thig.aae tﬁg%@,ggg,g%g@g@ B P Aa SRR Rl U LT

readi ngs unti ecessor
threshol d arcounditiondbaml lmas uUte;rs anusabelable madsessababffbctttqn thaedadyéemr dat a 15

conditio IS t.0 use res eversi rqt.ocol to onpress the
data so>t hg’tftﬁet chosen & 8 'é’ﬁtz‘f’gm oY e aﬁ%’p@%‘%ﬁf’ t%f?ﬁ“s'?‘?éﬁﬁ anal yses
used to fi nctohmileﬁmgtfmvﬁmatahﬂym withouheritidg tife dlepgbdita atistoghee summary
statistics and_ﬁgregm on analysis to nore conplex pattern recognition

met hodol ogi €48 ab¥sftonpass traditional 20 statistical process control
(SPC) capabilities as well as linear nodeling (e.g. ANOVA, MANOVA, etc),
nuneri cal anal ysiDatd eox@resaamamﬁeﬁ eppliddaB contdiiousiddal iThere drenetdratn fitting,
etc.), and | at vari abl e net ngg ﬁ? cluster . anal ysis gl nci pal
conponent aﬁ’&?‘ﬁ%‘#ss“sef)&? gempress.data befgre,depositing it in;databases sp that|the ot vari abl e
met hods gy e a%uhfaaﬁwr Essﬁwe rbqlfiredqs fRIEEd) JAR ek AR SIE niiphERY widre B Pr OCESS
parameters into a few key conponents whose performance has the greatest

effect on prVGb@s@acﬁ?PEB‘fﬁ%Y"W?éuifﬂé’F%ﬁs%H“ﬁ%ﬂ ipgainsiugshangsd o¥e%n i ncl udes

a variety ofyelig@lo®tinl 1h @S badeD StokipeRPadtBal BB IsEVER yiiechfdMgSAENt I Ng a
pri nci pal conponent anal ysi s (PCA) "and princi pal conponent regression (PCR)

wor kf | ow dedsrthéregadings-ustid theyjeav te@dqnso; differeppfiom it8MEdeqsTTYSEEME4788 12
Vi sual i i ng  hendif atbobst. As @F‘esﬁﬁf‘iryéd&ndtﬁl BRabitify £ QABA V&S uppOrt tool for

15 conditioning is to use a compression reversing protocol to decompress the data

so that it is ready for analysis.

The types of statistical analyses used to find informative patterns in the
data range from simple summary statistics and regression analysis to more
complex pattern recognition methodologies. They encompass traditional

20  statistical process control (SPC) capabilities as well as linear modeling (e.g.
ANOVA, MANOVA, etc), numerical analysis (e.g. parameterization,
optimization, function fitting, etc.), and latent variable methods (e.g. cluster
analysis, principal component analysis, partial lease squares analysis, etc.).
Latent variable methods are extremely useful for condensing a large number of

25 process parameters into a few key components whose performance has the
greatest effect on process outcomes. The preferred analysis implementation
includes a variety of tools, at least including mechanisms for implementing a
principal component analysis (PCA) and principal component regression (PCR)

workflow described in reference to FIG. 3.



the anal yst as well as an.inportant capability for denonstrating process
performance to individuals who are unfamliar with the data and/or anal ysis
t echni ques. Traditional ways of displaying results rely on_tables and two 5
di mensi onal WP8HEBS Wth the widespread availability of SO ays and
printers an additional visual "dinensigg" has beconme avail able. Colors can
be wused to point out significant featufes in a display of analysis
results. Wth the increasing availability of high perfornmance graphics

sof tware and hardware, ., practical nulti-di mensional display nethods can be

used. However, coMPRAMIAS TR Of an analysiss Dethah copiii e upport (ROl fo%esent

invention makgsSaslydtiad wéldhd ADimpfoRRALdphEiliSfoR Y ahbAaBing BFQRUGN appropriate
wor kflows with a point-and-click interface. Seeing the overall perfornmance

of a batch, erfgrreanse ¢ indimidualsswhg greanfasiliay) with theglatd andfonasplysigsef ul
capability. 1145 | {0 ] e present

I nvention us}%%hﬁléﬁ@n%c g‘r‘%ﬁ%ﬁ‘ﬁ% Is}z%gﬂagﬂlgﬁeﬁgggggggq%%\én%@l}%s" (VPS). A
VPS i s a ¢r aplmemionakbgnaplse iWith itlowidespreal avaidbality ef shiopdispkynemsh key process
par anmet ers and, proces$_.§ut one '"dA VRS .,@03)3 furthelr th%’l t he batch reports
which are of (FPAMSTE &Y agdponal vispa o dimension’ as beporge pyaliables COlUP §8 P& por ti ng.

I nstead of jﬁséd ﬁimﬁtﬂgzt]fs@niflmﬁnm?tﬂfbsﬁmaﬁﬁb&yéﬁﬁdnﬂﬂﬁﬁi:iul@i_Wﬁt&pﬁ‘@, Ithese

i mages can il lustrate .tiple. re ionships_.in the data in a single,

|t or mat | ve PESFSIRAVALEHHY PE B PeATHICE @ phiss JORTES 438 DATIAEE . he

possi bil ity QfradiRhhBiletdisehsional BRPlby ieeholdf Canbeshial. BIAeRES commdn@t ur es of
di fferent groups of batches to derive a single inmge that shows the key

di fferencds BioeRErgiamming is2n qpitacie. Hhe prspent vention Makesyiabsatitno, of 25

bat ches as deheiHmMEdvihoR BRAEH fabsropHAE WEIRA SRR pdidtlseaidiet d.  FIG 3
illustrates a principal conponent regression workflow in accordance with

t he preferrediedpteenent ati on of the present invention. Such work flows
make the difference between a generic systemthat forces users to learn

the details of ths.gnbaddRerafiibahines ofhUatdh 3 Pr6uF BEbAGRSs, m@MPared to a
WD 01118736 PCTI USOQO 24788 13 truly user-friendly, quided user interface

system The Istngledimage kscasvery upefalgapability. This can be accomplished in

15 accordance with the present invention using a mechanism called "Visual
‘Process Signatures" (VPS). A VPS is a graphical representation of the
relationships between key process parameters and process outcomes. A VPS
goes further than the batch reports which are often used for routine
manufacturing process status reporting. Instead of just showing tables of

20 numbers and panels of graphs, these images can illustrate multiple relationships
in the data in a single, informative view that can also be animated. They also
provide the possibility of mathematically combining the Visual Process
Signatures of different groups of batches to derive a single image that shows
the key differences between, for example, the top 10% and the bottom 10% of

25  batches as determined by a specific outcome parameter like vield.

FIG. 3 illustrates a principal component regression workflow in
accordance with the preferred implementation of the present invention. Such
work flows make the difference between a generic system that forces users to

learn the details of the embedded statistics and graphic engines, compared to a



t he nost comon anal ysis nmet hodol ogi es in a sequence. of |ogical steps
based on a built-in understanding of what is typical for users. Wthout
this, use“ﬁoogﬂﬁﬂp a large portion of their tinme figuripgrpkdentay to use
the system an doi ng manual programm ng rather than on analysis and
interpretation of the results. Furthgrnore, they | ose the power that cones
fromfacile interaction between the data and the anal ysis and
visualization capabilities. The statistical nmethods that constitute

princi pal Ctﬁnpqgﬁ_r&i%nmg%&&éd WRr intd?fdRk s¢ROR! Thelldtictihake hvdilablaci Pal
conponents analysis (P fol lowed by 10 selection of the nost inportant
princi pal cberpeseermmpn sealyssymethedologies gemseguaess. ofdpgipalisteps bESMLR) is t hen
applied. Al i‘@ﬂft—iﬂ‘&ﬁﬁérst‘%&ig%%flm&% q(@b‘a[f?@{ ufdfs, VUGG t%?s“u%frée.“ be made to
fit any data. Such large nodels usual have very poor ptedictive val ue.
To m ni m zepeid 8 largs kortivp df ltheideme figurilg outH©d tnuseShe Bystam ahd t est ed

by- means, of , Cross Validation. ce.the PCR 15 | oadi ngs have, been derived,
s e, e presdib e EEE i on hp 0P atd PO RS Bhnges cal | ed
Vi sual Pr oqessitsSiFunheinias, (hePDse thdhpaeertthathoontty fon facileiraacddce Wi th the
present invention_ are descyibed in re getail in. the context of the PCR
f1 ow shown gefvesnche §?mlal’i§tt1;|"ea%&s¥§f‘1“g%l§9f'ﬂﬁt’8“ capapaitiesh| es of .i nterest,

i ncl udi ng dependent and 20 independent variables in the process data set,

are identified ITheatatisti¢al metinide phat 30dstithtedepeipdEedmpaehBlitgessiére t hose t hat

can be cont ed, . reas. dependent vari ables I abl es that
represent régbbtcg"%%ﬁ‘?%t}% c&apc%p?%}sé@a{yﬁlét&é%g%vgg ®Wannot be
di rect | copteciba 6flthe Bkt REFSTEIMt ptifdipsltdofiponite baveanytheincl udes a user

interface feature to_neke the varjable selection step 25 301 an intuitive,
" poi nt - and-%qnc‘,‘?(l“e%p%"rea‘t"l”ﬁ"rl(s‘iﬂ‘&’rsrtb?’a?ﬂp&ﬁflcé/'é‘?qa‘éﬁ’eéelr’?ﬁ‘f‘b paT8®r t he

i dentified yateR bl fRudsScal VFRHbEGhadeRo St @iy 3H3. BBcRIPAmbI&YuRRpt for
princi pal conponents analysis. Correlation and covariance are Statistical

measur es ofhavhaeryaiogs eemiéatiye yplugaToapinimize this rigk, motpbsderyrd &y PCT/ US00/ 24788
14 Nost | argea 4k 8MISH an 5d/ebtel BF nftaheofSldis Vaslastitn. "OnddtE PRREULT Cal

15 loadings have been derived, it is desirable to illustrate them with informative

visual images called Visual Process Signatures (VPS). These techniques in
accordance with the present invention are described in more detail in the

context of the PCR flow shown in FIG. 3.

In the workflow of FIG. 3 Vgriables of interest, including dependent and
20 independent variables in the process data set, are identified by a user in step
301. Independent variables are those that can be controlled, whereas
dependent variables are variables that represent results or outcomes or
variables that otherwise cannot be directly controlled. The present invention
preferably includes a user interface feature to make the variable selection step

25 301 an intuitive, "point-and-click” operation.

A correlation/covariance matrix for the identified variables is computed
in step 303 as a starting point for principal components analysis. Correlation

and covariance are statistical measures of the relatedness of variables.



manuf acturing, have properties that work against effective nodeling. There
i's usually considerable correlation between the independent variables and
there are usually a |arge nunber of variables. In step ﬂ; r S paI
conponents'g AH" %%IS is used so that these properties B m%@ advant age.
This is done by transformng the datq so that the | arge nunber of
correlated vari ables are replaced by a much smaller set of uncorrel ated
vari abl es. The neW/ snaller set of variables (called "principal

conmponents") con t ant t i.nf.ormation t he | arger set
of raw data withi é%%?% sé’lg#‘%!} J]a%)g%%ﬁd AN PRY™MS %f & perforned
usi ng cont rqhdxﬁbdemrmgdﬁwwemmeyﬂm ﬁfbﬂ@égalrisv\@fféb@iﬁb'&noﬁeﬂdg fEwbreilses are

produced. The fjrst set cores" that are a _new set of variables
descri bi ng t‘ﬁ"@ #%?W%@W"Ffﬁgflﬁé giegh tha mdineaéeggavgﬁ?wdééereme second

is a set of grloadipaSar bhuaﬁlbézed}f&ﬁemtastmestefwyﬁ# &@Bémp&{eﬁﬁe” the
ori gi nal {)rocess vari abl es and the scores. Is often

possi bl e % o snalysisds vsed sauthpéﬁhqsemmneﬁyesmbhéo ar&«aatalsy Fhisdedereyf two or
more. This i anQﬁﬁRx E‘th@dmfgg%wéiap EGN&E&&Q&%& 1és %he dependent

vari ables (often nore than can oft e accounte | ess than
hal f the nmepkaped)by qamunh:sxpdlerseirqummdated veriahmos'ﬁxevnevh smhléerhmghest

ei genval ues. s of tegchni f to_as "l atent
Vartable 20 HenaEs G orheba el AL S Seb BRI BPE) ( hau 1 hey
produce t he infoamatiod £ the largérrset of datvydatBivithin 'meaktreirieat @dwe of PCA, the
simlarity matrix is the covariance or correlation matrix, and it is

o1 hogong] O ety 139 Glpsd eV BRA o FRIAIRNG hobphytlsy 9L ST nant

anal ysi s, canonical corre Bt on ySI' S, squares (PLS).
PCA has advantiables tbrecaadiimnaltfeataresafeapmdﬁdeﬁ Thedastyis tget oft"scqegt , and
because it ptboduces res Egt hav b e .statiLstical . properties.

t he

Because qr&agxemsg éﬁf&n Bgatiar = haodemal ol ati vely

easy to nanigrutat earidblddg Thelsedondas se&rcff “&ﬁdx Pavmmgreaéuaﬂé age that they
provide statistically independent variabl es rrul tiple regression. By WO
01/ 18736 PCTOIsirbions hefween thearigingl progessigeadbleniddn éﬁ‘f%rew V5B BEA ar gest

ei genval pes, it {s"Ftedli poReIBIE 25 fddube thef dimensionality of the data by a factor of two
or more. This is because a large portion of the variability in the dependent
variables (often more than 90%) can often be accounted for by less than half

the number of principal components, i.e. those with the highest eigenvalues.

PCA is one of a class of techniques referred to as "latent variable
20 methods." These techniques have the common property that they produce the
basis for a "similarity matrix”. In the case of PCA, the similarity matrix is the
covariance or correlation matrix, and it is orthogonal. Qther types of latent
variable methods include discriminant analysis, canonical correlation analysis,
and partial least squares (PLS). PCA has advantages because it is relatively
25  easy to interpret, and because it produces results that have desirable statistical

properties.

Because the vectors produced by PCA are orthogonal, they are
relatively easy to manipulate using matrix algebra and have the advantage that

they provide statistically independent variables for multiple regression. By



t he PCA solution can be, optimzed, retaining the m ni numnunber of .
variables required to reproduce the original data w thin experinental
error. Thew(gﬁﬁfsﬁgred enbodi nents use a correlation matrpXeddgs 303
because its autoscaling pretreatnment ensures that the magnitudes and zero
points of the raw process variables qyhich have different units of
nmeasurenment) do not influence the analysis. In step 307 principal
conponent s havi ng the hi ghest eigenvalues are selected. |If the principal

COMPONent s gt Ekel DudSHURY Gftn thERDede Gighahles, i dhAFIARly fOTPONENT i 5

selected so t Is oriented | ction of maxinmumvariance of the
dat a poi nt sthe\RCA solutioh earcbé optimided, retining the mininpym nemblert dfovanmbias ngf ul
information_ T e LC] C nt _is.s cted g that it is

ort hogonal f%‘ui} E‘ﬁ? feﬁ:@?du%éhlﬁ% +I§§ g%liéeagq)‘ggﬁ/ﬂnnexﬁrém%it?lee olrbr;ﬁlgf t he maxi mum
remai ni ng varefenakembidilimentaingk ycapneatiqar magixqialstep@Bdieemise idr e 15 sel ect ed

so that {hey are.orthqgopal .to all  of . the preyious principal. . conponents,
but al i gh vRYRSEAHEE RESHSRHRTY SRR (Wt (e FaghttadesaRd 2819 PRIPBAL ™ onponent s
can be or degsel pfdcesst variables whick havediiednt Mitst dfanaibietien)fdoviti ance  each
explains. After doing this, substantially all of the variance in a data set

is often fHigneedhp@ndesiti bed by a smai|l sub-set of principal conponents.
20 There are two matrices necessary to account for the results of the PCA

performed in st epsst&PS0BHrEncHA cofPendits Kavingi@d hihest digwavalaedires. " These are

t he coordi nates. , o he .oQj ects on the prjncipal conmponent axes. If sonehow
there were é'EIWef?d'tk th@ﬁ%‘ﬁ‘i‘ %t"ﬁE’PQE?Prt%%recfPlF“é‘dPIsfr‘}“q‘ﬁ%ﬁg%@f’dﬁﬁe nore usef ul

vari abl g8 t grififipsWothpohél i ffectéd & that it VPbiaREM tAE dRBGRHEACh Neasures a 25
different feature of ;the data than any other does because they are

or t hogonal Maxim ¥arignge of theifiatapeiptid Yratapeschare iclides bethethe el ngs. " These
are the coSyiPhe flantd AR IR D ich M Bhpliit Alehcfies and ¢ he-

principal conponents. = The | oadi ngs can b ought of as describing how
cl osel y rel s that ithe oghpgenahto thefirstabytds oniented dn thecdirectior pHthe conponents. WO

01/18736 P%&ﬁ% ?e‘hga@ﬁn% Y 8riadlcBC Thirl Gnd hlghE! PidhciF TBRAPEMnTs &k |1 ke
vari abl es, they can be stubmitted
15 selected so that they are orthogonal to all of the previous principal
components, but align with the maximum remaining variance. The principal
components can be ordered first to last, or ranked, by the amount of variance
each explains. After doing this, substantially all of the variance in a data set is

often found to be described by a small sub-set of principal components.

20 There are two matrices necessary to account for the results of the PCA
performed in steps 305 and 307. One matrix contains the "scores." These are S
the coordinates of the objects on the principal component axes. If somehow
there were a way to measure the scores directly, they would be more useful
variables to measure than the original variables because each measures a
25 different feature of the data than any other does because they are orthogonal in
data space. The second matrix contains the "loadings.” These are the cosines
of the angles between the original variable axes and the principal components.
The loadings can be thought of as describing how closely related the original

variables are to the principal components.



to many of the sane procedures as other variables, one of which is multiple
| inear regression in step 309. To do this,. a dependent variable (outcone)
is selected, and a set of coefficients’is calculated that relates the

i ndependent 3YQUBBH| es (pri nci pal conponents) to that deBERYEMNZ4BEr i abl e.
For data sets with nmany variables, it f often not desirable to | eave al

of the largest principal conponents in"the regression calculation. The
reason is that not all of the principal conponents are actually related to
t he dependent vari Yet | tiple re essiqon will assign a coefficient

bl e,
regardl ess, even i?’n‘f%@erpé'lnﬁlp PBem’lG’ ke ygpahlcs, &w.mhﬁav mitted pii se
Ml tipl e Li neas mBegsemsisdfe pRIbedRires is"tﬂhé}fﬁ?ﬁﬁl'éﬁfbne'oﬁfﬂlhfdmk‘hﬁ‘i dﬂé\ of step
309 is designed to counteract this. SMRis performed to find the fewest,
most signi fi cHRPErTPRIETHONR Siep99r Josdonthis, a depandent variable fowtcome)isem t o t he
desired proceggeQud G gﬁ‘% s%é&eﬁﬂeﬁtst&%g@ﬁlgfé Q-thdt18 at]e@qﬁ{)ﬁﬁ Abent® Variables
are added (or renove one at a tine based on whether provide a
stati sticaPl yvm@aIﬁSf(puamallcnppomtsém than dependemdmtiabld, hBoxpdalseets withops when
the addition va uces ..n ni ficant inprovenent.
Cross Val i dat ?{)ng; gg?%{) eh use JOt%g?’%PP ﬂ%avﬁﬂgeq(%%ﬁep tc?rﬂfép apabi lity
and to eval uabmpaepsatstin th fegreission bﬂmﬂamnramere%nl?mat fiotodleofahe Sever al
avai |l abl e techni | gues t hat can be u]?ed f%‘L retrospectlve data anal ysi s.
There is no sPHBFR? °85’ﬂﬂ?‘ﬁ‘8§ea’f'ﬁ§tf‘ Yorelptedtosthe degendentyariable- (¥6t anot her in
devel opi ng pr ﬁﬁlﬁpﬂe eRra¥Bide nll bisii d elRrichd rdgas@ibss; evelOf tHRQefati6AMipCe 1S
determ neg by, the data Fcir this reason, a nunber of other useful
t echni qued?shBRvgelE peddslavai lable in a full featured software analysis 25
systemin accordance with the present invention. PCA is particularly useful
for analysis of pr&epmemxﬂt@;ﬂkLmMeg&&urdnrﬁngt thehpeRRHee PCA IS a l'i near
nodel (non- Ilnea nodel s are ofteg needl ess nor. e c%\g}gl ex),
rel atively ealfPlementation of stap 35 is designed t%l‘;?‘éﬂtﬁ‘ﬁf?'@ﬁd\é Myeeﬁ%meéva| uati ng

the coeffici epy ndihelrbestOAS: sighificERNn eﬁ%ﬂ?%tﬂgest&vﬁf QAP 1/ 18736
PCT/ US00124788 17 nearly the sggirre nod &% each ti1me usi r%g nearly the sanme
i nputs, it c a;heﬂ)etgépg)gesued process outcome. Wlth this technique, the independent

15  variables are added (or removed) one at a time based on whether they provide
a statistically significant improvement in the model. The process stops when
the addition or removal of a variable produces no significant improvement.
Cross Validation is then used to verify the models predictive capability and to

evaluate quantitatively its accuracy.

20 PCA is one of several available techniques that can be used for
retrospective data analysis. There is no single technique that is necessarily
superior to another in developing predictive models from large data sets. The
best choice is determined by the data. For this reason, a number of other
useful techniques should also be available in a full featured software analysis

25  system in accordance with the present invention.

PCA is particularly useful for analysis of pharmaceutical manufacturing
data because PCA is a linear model (non-linear models are often needlessly
more complex), it is relatively easy to interpret, it offers straightforward ways

of evaluating the coefficients of the model, it can be expected to produce



optimum nodel s even with nultiple correl ated dependent variables, and.it

w Il unanbi guously report bad results when it produces a poor nodel. PCA
has t he ' tage that it offers the tenptati.on to %%ﬁd verfitted
nodel s. Tﬁel'(g‘ijl Xﬁg why the preferred enbodi nent work fl ow’i nc?’%&gss SMLR to

yield PCR PCA al so does not deal weyl w th nonlinear, discontinuous or

ot her conplex sorts of problens or wth variability in the dependent
variable. In step 311 Scatter plots are generated and exam ned to identify
unusual s ' | St features of the
plotted daﬁ%miyqﬁﬁg&m%m\?%@%g} géﬁégﬁggxgﬁﬁweﬂuggsg xg%ﬁ%\b‘iﬁ{ ?%sﬂpegﬁlo oordi nat es by
means of aoptiwournd inmeielsi evem withaodtiplercgrztutedydependdne datisbled epd BMWiill The two

di nensions_in.,this . rendegi re orthogopal (at right les to the

ot hers .yttt SRetE had Fheths e BSRGRERs ¢ ReoTiits R ES B8 LT near

r el at i onshgjgadahiage that coffet® thevaimpalkibs o pfoducadierfitteddrldeld. This step 313 bar
charts are, prep@r ed to tfglg¥v .he 15 directional ity and extent of correlation

bet ween® t hi$ Wioihe pzeferie mgpt ok flov, ingludes SYIR bheldi PER. { he PCR

| oadi ngs) . pER aHeioed kot derl WellRkith AGHIMESS dRBonubuL bPsher &dhplat i on is used
to estimate the PCR nodel's predictive accuracy. Because of the process

used to sebdtsof prpblgms 9aWithompabilitn is the depeadent yarigiNeR t here may be sone
doubt as to 20 whether the nodel it yields has useful predictive val ue.
Cross validation is a direct way to address this concern by ensuring that
statistically rinstepa3liiIn§catteppload dregendraned andexdmined a&c idefitfytumibual per f or med

t hat woul d ma‘ge éehe m)gel | ess ef]f ective. lrfl is a siﬂg&l e @rocess for

gai ni ng cofATRIEHEeE + Ftfiershan o1 BEtHEss 08 thelotted 8213t predi cting
unknowps. fivoaafiebies cintd rehlii@ed HCREE AN oo din@tBlb ¥ meadsmi twear | abl es span
t he sanme range of values that will be encountered _in the future, which is

H g 0] n . -
a general fimensignalorcatieraiag” garpasted ¢ ep 31k Thedmogdimensions ipdhised by | eavi ng
out the valdi@grid a}m&ﬂ.@fg&eﬂ@at %& aﬁ?egtothg'%?h .@g?ﬁtﬁggsbﬁgﬁm at a tinme,
and then calculating a 'i near WO 01718736 PCT/US001247 18 'nodel using
val ues frohnebriwe ois Bt vimele linepy zelatopehip betsysen $he 4o predicting the
! un Known", yiridbleslif'feadBbaObd iMetepat $ Bard Glabts Qb prRpareio show the

15  directionality and extent of correlation between the process variables and the

process outcome (i.e. the PCR loadings).

In step 315, multiple regression with cross validation is used to estimate
the PCR model’s predictive accuracy. Because of the process used to select
principal components by means of SMLR, there may be some doubt as to

20  whether the model it. yields has useful predictive value. Cross validation is a
direct way to address this concern by _ensﬁring that statistically misleading
operations have not been accidentally performed that would make the model
less effective. It is a simple process for gaining confidence that the model will
stand up to the task of predicting unknowns. It assumes that the independent

25  and dependent variables span the same range of values that will be encountered

in the future, which is a general limitation of any model.

Cross validation is performed by leaving out the values from one data

set (e.g., one manufactured batch) at a time, and then calculating a linear



calcul ation. This process is repeated until each data set has been left out
once. This information can be used to exam ne the stability of the
regression 5 coefficients and to identify outliers. The cross validation
predi cti ons WRPWE6 conpared to the actual val ues of the PEFAISI2$788ut cone to
determne a. «correlation coefficient which provides a neasure of
confidence in the validity of the nmod&¥ . The i ndependent vari ables used in
the cross validation step 315 are the principal conponents determ ned by
means of SMLR 10 Steps 319 through 327 represent various aspects of

gener ating af@delhsig vaesdrom theqpmpinisgdatehes. ghkis modsl rewdS)in \/PS ar e
graphical re : | v & ' ' process

par anet er s agg&ﬁg&g&%ggggo\g%t,Tégﬁtélé%ﬂ%ﬁ%@*ﬂ#gﬁtgpgﬂgﬁéﬁgﬁ] sel ect ed groups
of discrete e@acelatier.i Tkig pracesn is cepented onti! ehah aatalspt baslbeet lefigowttonkeast t hree
characteri sti ‘ 1 K S raneters and visually

di spl ayi ng t@&g@{o&%&iﬁaﬁ?g é’g%detral S a?‘(’:ngéct:ﬁﬁiggﬁl‘%&;é’? 4F8ER S onal | si ngl e
frame or &ni ced¢fbcientspné seideatifyentliefs. cTiss @eso¥aliditidn predidiiomy @y ben a VPS is
made by the user in step 31 and depends on the specifjcs of the

particul ar n’&?fﬂ?%fgé]ﬁﬁ'fhr‘?ﬁcﬁﬁag‘éaé‘é"sg.Ofﬁ‘gpmlcffédﬁuﬁd’?e&@tdé?eﬁ?‘i%d- in PCA anal ysis

step 305 i dedédrélitigh EeEhcent WHIADPrEidbNAnedRrdbf GtlfidOnteGR MRSyalifly ar e used in
steps 319 topg&lgect di mensi.ons for the VPS. Dinensions are selected for

x-axis, y-ax ﬁﬁ%l'a;b%indmd%éfﬁ’aﬁlﬁqss@ ﬁitéle@rossea&#tﬁsarsme‘ﬂér that
determ ne it greltQ8 biih&lPal QBmBbAHE ddediuinedyi Medd§ of B aXi s of @ VPS are its
paraneter value or its position between i"'ts mninmum and mnaxi num expressed
ei ther di éect ly o[, as O@lerc nt age (range, scal edz. 25 Preferably the user

al so has1 n opti 55?3]% FR4& APA CRISCR! PIcHfBiRee Sd?f_&emrétln%%}ds by its

devi ati on or diplhyiak vR0alfgroeess Bigmﬁﬁ%ﬁ‘ (PPSN &P SO W @hcﬁ?&%}ééexﬁﬁﬁ&ﬁ_ a
function of the nunmber of standard deviations or \?arlan es fromits group
nmean, pr ef er 8btbg relationships between kexipiocess parameters sahthebracasmentcomes.h t he nmean

in the cent &ryP¢ it d6at8kfrSm(selebred % 8&9%&@@&1&1 Slmeﬁ slget Has Been

Replaced :1 111.1 f WO 01/18736 P
continuous data, by selecting at least three characteristics of the group of

7}

15 process parameters and visually displaying the selected characteristics in a

three-dimensional, single frame or animated representation.

A choice of what to display in a VPS is made by the user in step 317
and depends on the specifics of the particular manufacturing process. The
loadings determined in PCA analysis step 305 identify process variables that

20  affect outcomes and are used in steps 319 to select dimensions for the VPS.
Dimensions are selected for x-axis, y-axis and z-axis. The characteristics of
each parameter that determine its position on either the x-axis or the y-axis of
a VPS are its parameter value or its position between its minimum and
maximum expressed either directly or as a percentage (range scaled).

25  Preferably the user also has an option of positioning each parameter on this
axis by its deviation or variation from its mean either shown directly or as a
function of the number of standard deviations or variances from its group
mean, preferably in an auto-scaled or variance-scaled manner, with the mean in

the center of the axis (i.e., mean centered).

This Sl_lc_et Has Been Replaced




The characteristic of each process paraneter that determnes its position
on whi chever of the x-axis or y-axis of a VPS that has not yet been

determned_ is, ] parameter nane or its paraneter nane to a
nunber or gﬂ?i’?&é‘;ri ef text for display purposes. This r{’%s&%‘zﬁ be used
to conveniently 5 indicate the positign of the particular paraneter in the

process order. The characteristic of each group of process paraneters that
determnes its position on the z-axis of a VPS can be chosen frombut is

not limted to | Qwt Nge gga?g I r . . ndard

devi at i on, grougﬂggpiar? %tsggﬁd;&aeﬁgg%&(ge a%?%ﬁ?ﬂgﬁ 8%%%F?g%§§sfﬁ%€oup

maxi num grooughichevenmofithegr-otipod P-apisiof@i VRS thao nomentet besy dsamimed oadi ng,

group correl ation cg()effi ci ent, andt" P* val ue. ff a ﬁgﬂ;t [ culgr exanpl e

shown in FIES PAAREISERamepr Aty nprafgter name Gopueried 102 PBPE A Y position in

- range bet wagief 8éxt fordismE adpurpsiel Miiunttde Ban Vehisdbeoaserdently’ cent age, and
the y-axis .indicates a.l i;{i ng of @%ocess variables 15 in process order. In

FI G 4 the pdigatedhe position f the past RRLIGELIAN thePTRESSS PEMRT- st andar d

deviation (RSD). Hence, the higher the peak in FIG 4, the greater the

vari ation that s cisaouesisticd®ehch grdupcofpRocess paradietds fHa0 deeemivias | abl e

wi thin that, group of batches., | |G .5 the z-axjs .is chosepn tQ show

per cent age ‘Effp%ﬁ%“rﬂl‘rf?‘PéF?xl'so%fcﬁ ﬂsgcﬁ&%?}b‘?sﬁﬂ]%&?,‘“ *"Hésﬂf”g%’rte‘{]%&ﬁeak in 20
FIG 5, theofsRageirdupandaanironp whngeNglup lshida@r devsRidndftap RERGRSS vari abl e
to the process outcone. In both the exanples of FIG, 4 and FIG 5 the

vari abl e #ﬁi@dia@p‘i’%’;&éif%‘sgf".r‘f@ VGBP%@%B@“%‘&H“‘B&WHP MPF’B’@H geUF ul | -scal e
out put AN tfifcight BethSorfeRt éé'[gﬂes!’ibﬁ q@ddirzgégfﬁa-co?»elmuscodﬁfcmn@,yd,pﬁgpt he

paraneters nul tidi nensionally, the invention 25 presents a "high
i nf or mat i orvalugt ent snapshot” of a group of batches, allowing the user to
make statistical conparisons between batches and mani pul ate the data.

Preferably the 3 PhplisuldQWmpldshobwiin FIG afid F1IGS5 6RR-aRB i ehdked, Vi ewed

at different angles, profiled and otherw se nmani pul ated to ease view ng
and under stt@riadipae gfpositiondp rargn betweempipipum|agd mpxgpem fprgack yse only 10

This Sheet Ha3pB681R J3rhiEeand the yJalii]sJiﬁ&ilates_ a listing of process variables

15 in process order. In FIG. 4 the z-axis represents a percentage of the maximum
standard deviation (RSD). Hence, the higher the peék in FIG. 4, the greater
the variation that was demonstrated by the corresponding process variable
within that group of batches. In FIG. 5 the z-axis is chosen to show
percentage of maximum PCR loading. Accordingly, the higher the peak in

20 FIG. 5, the greater the contribution of the corresponding process variable to
the process outcome. In both the examples of FIG. 4 and FIG. 5 the variable
#10 represents the outcome and can be normalized to full-scale output on the

z-axis to aid visualization.

By thus displaying the parameters multidimensionally, the invention
25 presents a "high information content snapshot" of a group of batches, allowing
the user to make statistical comparisons between batches and manipulate the
data. Preferably the 3D plots shown in FIG. 4 and FIG. 5 can be rotated,
viewed at different angles, profiled and otherwise manipulated to ease viewing

and understanding of the content. Although FIG. 4 and FIG. 5 use only 10
-
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yy « ~~ll. ~I~ Il VYO 01/18736 PCT/ US00/ 24788 20 process variables to ease
Illustration, it is contenplated that tens, perhaps hundreds of process
vari abl es can be conbined in a single chart to enable the_ user

vi sual i ze i nP%&¥Pbns amongst the variables. FIG 6 and E?Eﬁgwﬂﬁﬁ%w

t wo- di nensi onal representations of the yisual 5 process signatures over a
nunber bat ches by using col or (indicat@ by solid regions) to signify the
magni tude of the PCR | oading. The area covered by the graphic indicator

i ndicates the magnitu of the PCR ] oading for th correspondi ng process
variabl e. FI @ §Pf6ﬂg’?%f’rf‘°éﬁsa"n‘bl}‘§t“’lt’£ﬁeﬁ ‘%%E\Ie%‘ﬂﬁ‘lcgﬁlﬁt e B%gmes with poor

performance (juhdiedslo Prdt¥ssiatiabies tor vedtatbineddh aatghochht tvanhibkie (#10)
having a value in the | ower percent of its range) whereas FIG 7 shows a

group of bat chesthysuakige iiprastions apongs thavabledndi cat ed by t he
performance-indi cating variable (#10) having a value in the higher percent

of its range). O, 8 NPEIGABRRERREBRABHRI rbfiesditationt bEe vixaaf or mance of
the 15 manufacturing process can be shown as a rolling average VPS for a

group of batpiesess sigmpiyresayena nuwber batshes hrusingpeler ndigatedpy prliscess

vari abl es, or ; - i I nt er est
such as thos ere%ﬂ{naﬁ(o@ﬁﬁﬁ%ﬁ&g%ﬂ%&%%?Badli’ %g@%B ' \é%{r?pag% ﬁoére{ééfgtﬂa‘ﬂ? % om

mul ti pl e bat cpeghic itdicaterdndicatas thedeagnitide ofcthbe RCRIgadiag fasithe over time or
some ot her usef | . ' ] L. di mensi onal
data repr eseng‘g?élsgﬁﬂdggéé@gess % g?ﬁgrpg’eﬁ?%%ggg }éggé‘*ﬁﬁgﬁ%‘%g{% Zﬁhlg%g of a

rol |i ng aver agtbatches withspod? berfiorthadée/(indifatebnethel pedfouupredidigriinghes over t he

course of manuf ac i.ng. ca i gn. suggested in FLG, 8 lurality of
i rages ar é@c OWBFF)EC{##'@ qagﬁﬂ%@%ff%ﬁﬂéé%&er PELEN o?ﬁtgdgngreéar}lggegsnﬁ@gf f or
exanpl e, a pagiowsll @oul bObfIckes havihg herrion parfatmapés (ihditdted bptiguence. Each

frame in the animation i.s the next of batches, iJ.n the seguence.
Frames 801a- gBefforappcegndisating yaria es(gifﬁg’r%@é‘,g 43 edaitkfgh’g]}f%%ﬁem gfreeverse,

stop-notion apdranpegl € frame. This enables a user to watch,

Once a VPS has been prepared, the historical performance of the
15  manufacturing process can be shown as a rolling average VPS for a group of
batches. This can be done for the complete set of process variables, or for a
selected sub-set of process variables of most interest such as those with the
highest PCR loadings. By comparing data from multiple batches, the user can

identify repeating patterns over time or some other useful ordering.

20 The present invention takes multidimensional data representation a step
further and creates an animated image of a rolling average in steps 325 and 327
of several groups of batches over the course of a manufacturing campaign. As
suggested in FIG. 8, a plurality of images are compiled in frames 8012-801e,
each image representing, for example, a particular group of batches in a

25  particular sequence. Each frame in the animation is the next group of batches
in the sequence. Frames 801a-801e are displayed in sequence, including
forward, reverse, stop-motion and single frame. This enables a user to watch,

over process history, what is changing in the batch process signature, the

—
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over process history, what is changing in the batch process signature, the.
Thi s Sheet Has Been Repl aced WO 01/ 18736 PCTI US00/ 24788 21 relative
standard 8 gns that represents variability in the g¢?ﬁ§ﬁ Sa7e anmet er
group neans and the principal conmponents that are nbst affecting outcones.
An ani mated vi sual process signatureshas the capability of displaying
successive franes of a noving average wei ghted noving average, nmoving 5
range, noving standard deV|at|on novi ng vari ance. The display of such

frames is pgly E\%rsg%ﬁard“d%t dn ?ﬁﬁ@{]e s%ﬁaﬁnﬂﬁeﬁﬁﬁ@gr&ew dr@fgleng one of

the paraneters I ng di sp VPS., T nmeter used for this
r anki ng isgrqupeﬁmalahej'ﬂmfklsdlal eompatiehfsghatrare msmffmtmgpummt her means
to distinguish it fromthe rest of the paraneters in the frane. In the

exanpl e of FIG a8.n Bﬁ%%&a?@?oc‘é?sosﬁ St $ad B8 & Bgﬁgﬁs‘o@s%q vari abl e that

Is to be optlmze Franmes 0a80eare arran
progr essi vetllgcessrm@amwrrgf aaeYing Average, ofeighted mgumg@wasarmdbnse 802. In this

order, the [ia ofk%g s{a%HErd 'vﬂBLS’ r%éxﬁ Yar) nl Tbﬁﬁiosgﬁk%tf\éb&“a' trends

bet ween théanrgg’h ser s as out he course of the
di spl ay. 1$‘raﬁksxsr;adnfoymedlnearsoxallesdetbmuaechforcepampia bgfrankm@omngf thee franes in
an aninmation b from | at est, or VI e, vers The system

al so desi PQWY%fgfﬂg dlsﬂgyffg tlhfsﬁtav’n %ar%{n?}ﬁ%“w T%ﬁ WFW& Yuccessi ve
frames - or «éﬁéf&dbl@&nﬁkea)w d\@ifferent aglor oiby githe thePineaiss to\distitgaish OV ng range,
novi ng standard devi

or var | ance di spl ILn an order
det er ni ned 1igym g reshpfit P”c‘ﬁ‘@"'tdfsflf‘é#‘%ﬁé’@ebl‘f al@e‘?*a?‘ﬁ@ %ﬁ'ﬁ% EnPeafor st
per f or IPNC QP kepteseal st PfbcesPERERRS virtibR TREETS to DB RpHMIAAEFRImES! ect ed for
this difference ranking is  desirably marked in a d| fferent cglor or by

some ot her 3Ab&AQle yregrapgesyiniaster; of prograssiveliincreasing pexfpunangs gfheers in the
frame. Thi ?)]pfc%m%' VAtiaBiR 802 E 1R i GFdef rtﬁsrrraheﬁ,ysﬁahé aﬁrnafydf&@;n@mm to the

| argest difterence or vise versa. 75 Desirably, a profiling tool is
provi ded t indicategisusldrendpbesviern sheghanydesser pendss agthey|mave'abot a VPS t hr ough-

ei ther the ﬂg_ Qé‘#f“e %u?s’é'q?tﬁ’éd&plﬁ! s and displaying the resulting 2D

profile in rent w ndow. I S new wi ndow can di splay the

15 Desirably, users also have an option of ordering the frames in an
animation by date, from earliest to latest or vise versa. The system also
desirably allows the user to animate a VPS by displaying successive frames
ordered as a moving average, weighted moving average, moving range, moving
standard deviation, or moving variance displayed in an order determined by

20 ranking the difference between the best and worst performance of a sclected.
process parameter. The parameter selected for this difference ranking is
desirably marked in a different color or by some other means to distinguish it
from the rest of the parameters in the frame. This ranking may be either from

the smallest difference to the largest difference or vise versa.

25 Desirably, a profiling tool is provided that has the capability of selecting
a "slice” of a VPS through either the x-axis, y;axis or z-axis and displaying the
resulting 2D profile in a different window. This new window can display the

full parameter name of the original data and the location of the profile in the




ful] paraneter nane of the original data and the | ocation of the profile in
the WO 01/ 18736 PCT/USOQO 24788 22 VPS. This new profile plot forns a
profile of the process paraneters that it intersects. . The VPS ani nated
by ranking tweousrs of manufacture allows the user  to s@ETUSWBects on
the process of factors that vary si ngl¥ or together over 5 time, such as,
for exanple, process paraneters that a %2 affected by seasonal changes,

whi ch can introduce variation in the mneral content of the water or in
the humdity of the air. Another useful application of this .

mul ti di mensi 08 Thismepe prafilernior Srms aampfilg eé thesproeess BABMEETs tiakitl t aneousl vy,
t he changes iiﬂm%L tsthe process paraneters as a progression fromthe

wor st - perform ng batches to tthe 10 best-perform ng batches. This lets the
user literally "see" the key differences between bad and %ood runs.
Retrospective bat The NRS animeied by zankisg she-dnterofimprufagtprecallopysthguser

phar maceuti c r | I } and

i mprovi ng ngéat%gtgf %?f?%éopr ocC @gésgg!rr@%Fdﬁgﬂgzwﬁﬁlfigﬁraﬁéz?gﬁgwr ently
consi der tshe tihfe, RER aspfdr ekhople crocess pedmateoythat aredfectiefl by seasenslo perform

using existin sof twar e packages. .This. i t matics is
novel , but bé’g?ﬂﬁ@' wit caé\}ﬁﬁf’g cd alé‘%‘f‘f’b\lélrtge %gné ﬁggggt@%?é%gr or %‘?ng t he
anal ysi s mostin gHe! imidiegol the airc qumoehed ubsfuleapplicgivafitiig multidimensidrah

poi nt-and-click operation. The ,various analysis steps,are typjgally not
pr esent ed in“&aﬁf’s&“ﬂf’t“’é‘r‘r’e&lﬁb‘ﬁ’ﬁéﬁf" ST Pt "?USWbﬁgﬁgW%&'{ﬁirtﬁlﬁg dat a
anal ysi s. Thersdess pathmeteiedita ;10gfREfN H6M thélwonit @gtfaimidg bawhex oche enabl i ng
poi nt - and-cl i ck gathering, .anal %si S %nd neigti glﬂl ati thegl]; dlo ocess data.

Al t hough ¥ne bestvrastormingbatebps o fhig dett themser LRy |'195s EReH A IHFERS certain
degree of panjedth@hllhid ghdd sunderstood that the present disclosure has

been 25 made only by way of exanple, and that numerous changes in the

conbi nati on and arrangenent of parts can be resorted to by those skilled
inthe art wit houBetfﬂﬁ’ﬁaﬁ“ﬁq‘??é*‘?%?’ri"!%@‘%‘b?r‘??‘"ﬁ’ﬁd"%%’&ﬁé“H’re the invention,

as her ei naf t Gfhafrh ROt 2R ABABR L NRRM ¢k 18P assessing and improving

manufacturing process performance. Many analysts currently consider the

15 PCR work flow described above to be difficult to perform using existing
software packages. This is not because the mathematics is novel, but because
the available software packages for performing the analysis most often require
command line programming rather than point-and-click operation. The various
analysis steps are typically not presented in a useful arrangement appropriate

20 for manufacturing data analysis. The present invention provides an integrated
solution enabling point-and-click gathering, analysis and manipulation of

process data.

Although the invention has been described and illustrated with 2 certain
degree of particularity, it is understood that the present disclosure has been
25 made only by way of example, and that numerous changes in the combination
and arrangement of parts can be resorted to by those skilled in the art without

departing from the spirit and scope of the invention, as hereinafter claimed.



23 CLAIMS 1. A systemfor analyzing manufacturing process data to identify
manuf acturing process conponents affecting characteristics of the product
produced, the systemconprising: 5 a plurality of data stores holding a
plural i ty“%ﬂolf”‘géﬁr ds containing process data, each reddrdUS2488 ated with
at | east one ofthe process conponentg; a virtual database engine coupled to
the plurality of data stores; a user Interface enabling a user to sel ect
records fromwithin the data stores; a proxy virtual database created by
the virtual database engine, the pro dat abase conpri sing copi es of
the selected records; a statistical %‘%@ S engine operatively coupled to
the proxy virtual database to apply statistical analysis operations to the
sel ected records wi Bhsystethfor pnalyaingleaadfastering prbdeskeduta toy identifyess conponent s
or conbi natio of. process conponent.s havin ..signdifican ffect on the
char act er i SFTHES "é) ré’%gs'rsoc&r}'@g&alr% ELYE °§§%3t%flftl’%s?°ryﬁpaﬁﬁthgﬁﬁe i nterface
conponent ghodidedy thegysteinvewntpirigingsi onal rel ati onship between process
conmponents or grQqu o] roces ompopents and characteristics of the

o OBt pr oguc SRR CEARA ot ROPR B AR CLIHP i BB PRt Bt | on

bet ween t hgch redsratabdokiaidd it QERSst 64V BTAMARIbSesPebhpohéntss har act eri stics of the
product produced; and a second graphical interface conponent enabling

di splay of at |a4dyal daishage engine epupled 4o Bialurality efidetriofess i ndi cati ng -
di rectional ity Ane ifiesRendlind PhdePlodbleQRecoRBiRMREMithil the!ddMdrds, €d_process
conponents and the characteristics of the product produced. 2. The system
of clai m1 wherdeproxy yistugk datahase rreated bpithe avirtyall datghasg enging, thyproxyaces are

ani mat gg. abase °ER§?§X£%’§EE§P?§L&°%% rein the animation conprises

di spl ayl ng tranes e magni tude of a.group of process outcones.
LEETTLTT TEETT] alstatistical dnklysis erginelopérafivelyscoSpled to thia proBy eintubledakahesedo | | 11111 ]
11 V0 01/ z};)%zy%%ugt% Q@a?y/si% %Egrgtions to the selected records within the proxy database

and identify process components or combinations of process components having a

signiﬁcant. effect on the characteristics of the product produced;
15 a first graphical interface component displaying a two-dimensional relationship

between process components or groups of process components and characteristics of

the product produced indicating directionality and eﬁent of correlation between the

identified process components and the characteristics of the product produced; and

a second graphical interface component enabling display of at least three

20  dimensional relationships indicating directionality and extent of correlation

between the identified process components and the characteristics of the

product produced.

2. The system of claim 1 wherein one of the first and second

graphical interfaces are animated.

25 3. The system of claim 2 wherein the animation comprises

displaying frames ordered by the magnitude of a group of process outcomes.
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24 4. The systemof claim2 wherein the animtion conprises displaying
frames ordered by the magni tude of. a group of selected process conponents.
5. The system of claim2 wherein the animation conprises _5 dj Bl i ng
frames order ¥ W87kt e of manufacture. 6. The system of crﬁ'm#@ \K’ﬁ%r ein the
ani mation conprises displaying franes %rdered by batch nunber. 7. The
systemof claim2 wherein the animati orf conprises displaying franes
ordered by |l ot nunber. 10 S. A nmethod for displaying a visual process

signature for ready visual recognition apd conmmunication of process data,
the method conpri ¢ ng Thesysteapel gam ZwhpteHythp 2REBLLn §IMBATFES 3 plurality of

data stores, cﬁg‘ggﬁﬁg{éﬁmﬁ Sderel Vydhd thagnifdd o higkdhpPés SeReRIdFocBHt ai Ni Ng

process dat a, cord associated Wwth at |I'east one process conponent;
15 sel ecting coogppmegsf romwithin the plurality of data stores; creating a
proxy virtual database conprising copies of the selected records; applying

statistical analysjs ORGE §stdNSF &ifind P Y hERIEGHE inl2808 cImp¥kdshi n the proxy
virtual database to identify process conponents or conbinations of

conponent s5 hadispigying fraingnprdered by date efomanyfaciiar act eri stics of a product
produced; 20 selecting at |east three characteristics of the identified

process conponent - ange Wbt aii £ Wheid e REREERE cdabAsassoci ated with
the three selecte characteristics in a three-di nensional representation

di spl ayed on displaying femesnoidered|bydiatah maynber.he vi sual display indicating
directionality and extent of the characteristics of the selected process

components in_relafi OnTho ofsibn Pcifitd £ WhBFtifhRfiidiohTompsisedl the product
produced. 9. The nmethod of” claim8 wherein the visual process signature is

ani mat ed. ji i flisplayipg fimes pidefad;tiyilpt nymbgr\\D 01/ 18736 PCT/ US00/ 24788
10 8. A method for displaying a visual process signature for ready visual
recognition and communication of process data, the method comprising the steps of:
storing process data in a plurality of data stores, each data store holding a
plurality of records containing process data, each record associated with at least one
process component;
15 selecting records from within the plurality of data stores;
creating a proxy virtual database comprising copies of the selected records;
applying statistical analysis operations to the selected records within the proxy
virtual database to identify process components or combinations of components having
a significant effect on characteristics of a product produced,;
20 selecting at least three characteristics of the identified process components; and
visually displaying process data associated with the three selected
characteristics in a three-dimensional representation displayed on a two-
dimensional display, the visual display indicating directionality and extent of
the characteristics of the selected process components in relation to the

25  selected characteristics of the product produced.

9. The method of claim 8 wherein the visual process signature is

animated.
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25 10. The nethod of claim9 wherein the animation conprises displaying
frames ordered in a manner selected fromthe group conS| sting of: a noving

aver age, 3ydbihked noving average, a noving range, gg%hpg’daéggndard

devi ation, and a novi ng variance, each ordered by the f a 5
group of process outcones. 11. The ng¢hod of claim9 wherein the ani mation
conprises displaying franes ordered in a manner selected fromthe group
consisting of a noving average, a weighted noving average, a noving range,

a moving st andafgd d%b%étm offdism Wﬂgfeﬂ}qthe\é%{sﬂ ?@ﬁ%ﬂr‘@?ﬁ@s ordered by the

magni tude of a group o rocess conponents met hod of claim?9
wherein t hélsaln)'lnmﬁiamse d ingsmanties mlayemg'oﬁnamgsou;mcmsmrg]ef asel ect ed

fromthe t| aver age, ht.ed novi ng aver age,
a nmovi ng ?éﬁg@g%%ﬁngg ‘Oggg H%Jc?)g %’e\g“lg&?&?" 558“%? ﬁd@?vﬁﬁg vari ance, each
or der ed bysthhrhxrdrdgsnammdend)ﬁ nidving virfahex, eacteoldeiedanrtht haghidsde smd wor st.
group o% process outcones fromthe 15 smal | est dlfference to the largest
differe gr(gpp\??géog%sré@corﬁgs The system of claim9 wherein the ani mation
conprises displaying franes in a nmanner selected fromthe group consisting
of . a noving averagi_ a wei ghted noving average, a noving range, a noving
standard devi atli on, hamﬂlmdmﬁ/¢lng Q/avheméxe @muonrqdapastsm;splandl fference
bet ween th

Barild TR u r ocess
conponents or oper i ons‘qjetrrg%)lgrgt Ir? e Etcg SI%’P%% 6’8’ a??{gger Argest
di f f er enceweighted mevingpavesage, a]xﬂovuﬂmngeysmnm@ﬁtaﬁdaai devidtivd) andh fotiag ani mati on

conpri ses ‘gan\ggéeaéawgrdmreggeﬁlel n a”‘ﬁ%\?ﬁ%@%‘?/%&%@‘g@g“ %rrq%%%n?ﬁg group consi sting

of a noving average, a _ range, a noving
st andat@ 25 devl|2at | The n&tﬁbda»ﬂdnim@wh%in&ﬁé&nxnﬁﬁ@ﬂ comgasad by the date of
manuf act ur

h_nunber or go Lrerrrrr)lr)r * C
ittt Fl?li‘ g fr ?F%"oﬁ?‘i’é“%éeﬁﬁ# QP £79p consisting of: a moving
average, a weighted moving average, a moving range, a moving standard
deviation, and a moving variance, each ordered by the magnitude of the
difference between the best and worst group of process outcomes from the

15  smallest differei_lce to the largest difference or vise versa.

13.  The system of claim 9 wherein thé animation comprises
displaying frames in a manner selected from the group consisting of: a moving
average, a weighted moving average, a moving range, a moving standard
deviation, and a moving variance, each ordered by the difference between the

20 maximum and minimum of a selected group of process components or

operations from the smallest difference to the largest difference or vice versa.

14, The system of claim 9 wherein the animation comprises
displaying frames in a manner selected from the group consisting of: a moving
average, a weighted moving average, a moving range, a moving standard

25 deviation, and a moving variance, each ordered by the date of manufacture,

batch number or lot number.
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15.. A method for producing a visual process signature representing a

manuf acturing process, the.nethod conprising the steps of providing a data
source hol ding groups of data, each group representing process paraneters
of a manuf acweraingg3erocess; 5 selecting at |east three chBFHESWRIE] | cs of
the groups of data; generating a plurality of display franmes, where each
display frane represents the selected 28haracteristics of a parti cul ar
group of data in a three-dinensional representation; and visually

di splaying the generated display frames in a sequential fashion 10 to
present an ani mat é4. vi éumb‘éhp(? dereprodusingna tvispd process §igpgture |pres{ENgdt hod of
claim15 where e : QLR L1 and third axes, the

met hod furthe?a“?%%?‘?éﬁ‘ﬁg“f’he-s‘lf‘@%?%#’f‘ﬁ‘?gs%fg%ﬁg data fromthe data source
in each frame so tpradditdhe ditas puasechblding gidupo of clatap leechf gnoap representing der i ved
fromthe magni tude of thepé?r{nﬁégondi ng 15 paraneter; displaying the data
fromthe dat aP*OEST RASARECT AR ™ HHREPTESHsi tion on the second axis

conprises & nane fselectinh et 19t s chirictaaistes OF hp kRwipsIef datag data from the data
source so that the data's ﬁositigg, on _the third %ﬁs conpri ses a group
statistic of the ®EnaERiogE RIMRUY jof diskiay Bemesophese saRddisplpy Brsita. 17.
The met hod of gl @letied nhRERER M8 HitRBLAYIRAY SSARLIH O HRéb-diertional

t wo- di nensi onal display, the visual display indicating directionality and
extent of thepekeataiendpd stics of the sel ected process conponents in
relation to the ) biatd &fd. 25 18.
The net hod of cl aﬁﬁ%“%@& %gl?%?%ﬂﬁ%ﬁé@%é&%spﬁy %gﬁggﬁggggeggﬁﬁmﬂgo dat a
associ at edio wi tohprgsenti ps awifnated oduak propesh sigodiuce Wi a ¥¥en t he manuf act uring
process. CL s WD 01/18736 PCT/ USaol 24788 27 19. The nethod of claim 16

wherein the group gt at irfd hEthb oS @RS SShere each frame comprises first, second and
third axes, the method further comprising the steps of:
displaying data from the data source in each frame so that the displayed

position on the first axis is derived from the magnitude of the corresponding
15  parameter;
displaying the data from the data source so that the data's position on the
second axis comprises a name for the parameter; and
displaying the data from the data source so that the data's position on
the third axis comprises a group statistic of the selected data in the

20 corresponding group of data.

17.  The method of claim 15 wherein the displaying is performed on a
two-dimensional display, the visual display indicating directionality and extent
of the characteristics of the selected process components in relation to the

selected characteristics of the product produced.

25 18.  The method of claim 15 wherein the groups of data correspond

to data associated with groups of production batches within the manufacturing

process.

L



fromthe group consisting of group nean, group range, group standard -
devi ation, group relative standard devi ation; group variance; group

maxi mum I ni mum group principle conponent regr&sﬂzﬁ' di ng;
group 5 C(‘)ﬁ@ g’tslgnon coefficient; and group P value. 20. e&Ethﬂ’gd of claim

16 wherein the visually displaying fagther conprises: selecting one ofthe
paraneter nanmes as represented on the second axis; ordering the franes
from hi ghest to | owest according to the value of the data 10 correspondi ng

to the selecte ar L: jS: ' i ng the
dopar R hidfhodad TR 1A 16"endrbih She gﬁegg]s%ﬁféﬂc ger %guc?eé 9

sequence in a sequential fashion determ ned ring step. 21.
The net hodfrem the giomp Zonsisingedfhstonp maahegroup ranpeagmmprstandard ndi cat ed using a

col or di st} . fr - r . q t he. 15 di spl ayi ng
ctep. 2o ok Bhb sfaPl s alsEr iR, SRRl ol Wi g { L her
conpr i ses: gronpl ennimyng; [geovpr priveiplo compalmnoregression yadied; grappoup basi s
according to a rel athyee ,tai at ﬁ\;q\/nilch the data in each of the data groups
was gat er €4 240g 26 {ﬂgﬁ'l é\?‘iegﬁ%uq é(aélg'quence in a sequential fashion
determ ned fromthe ordering step. 23. The method of claim 16 wherein the
visual 'y displaying further conprises: selecting one of the paraneter
names as repres$int edheymethpd of clpkm kxivdereip Shed avisuallyi displaying darthep having a
best perfofpBRes. for the selected parameter; determining a group having a

worst perforiance for the selected parameter; ~I1LILITILELETELL TEEEEETETI
C L M S W 01/ 36lg@ibg PETIUBOR2uErE dames agpdesentedjort the sdcomhads; f r om hi ghest to

e on) 20000 Btk e dtahlel HEATgHRS W ities: AcGrali b Rt U tndhd O TRNOC O

t he sel ected proces
10  corresponding to the selected parameter name on the first axis; and

displaying the sequence in a sequential fashion determined from the

ordering step.

21.  The method of claim 20 wherein the selected parameter is
indicated using a color distinct from the non-selected parameters during the

15  displaying step.

22. The method of claim 16 wherein the visually displaying further
comprises:
ordering the frames on a data group-by-data group basis according to a relative
time at which the data in each of the data groups was gathered; and
20 displaying the sequence in a sequential fashion determined from the

ordering step.

23.  The method of claim 16 wherein the visually displaying further
comprises:
selecting one of the parameter names as represented on the second axis;
25 determining a group having a best performance for the selected paranieter;

determining a group having a worst performance for the selected parameter;

R




di spl ayi ng the sequence in a sequential fashion determ ned fromthe
ordering step. | il11) Uhl1i 21123111 Ii |11l L S

WO 01/18736 ' PCT/US00/24788

28

ordering the frames from highest to lowest according to a difference between
the best and word performance of the selected process parameter; and
displaying the sequence in a sequential fashion determined from the

ordering step.
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