TITLE OF INVENTION Method and computerized system for robust engineering and optimization of
complex phenomenon. 1. FIELD OF THE INVENTION The invention described herein relates in
general to a method and computerized system for robust engineering and optimization of complex
phenomenon, and more particularly, to a guided methodology, which dictate the proper sequence and
techniques for robust engineering, characterization and optimization; and a computerized system
which allgrpE Ve RPN VENZRIGISsed graphical-user-interface to plan-setup-create robust
engineering model and to evaluate its parameters; and to automatically

compute-analyze- pt|m|ze verify the robust engineering model with the help of a task-specific
knowledg¥lie4 s areosppwierizedgsystenindasyerebuit acngirearingk-asd retain
the scientific knowleﬁ&y{o uture uiS g . Jhe most novel feature of the invention is its ability to in an

mtegrategwal SHBI@(‘WRI@ offs between practical limitations and

statistical preferences in an experlment as well as presents the generic technical issues and the core
experimental features found in an industrial experiment, to support robust engineering,
characterization and optimization activities for complex phenomenon. 2. BACKGROUND OF THE
INVENTIDN E@bmtﬁlﬁailﬁﬁlﬁ\lﬁﬁl&n art and a science. The science deals W|th the

T is
about. Thﬁlé“h@&ﬁ?%ﬁ?ﬂ@%@ﬁ%’ddﬁ&‘&% H@M&%‘%ﬂé@ﬂ‘%&"@'ﬁf&h@@ %@%Yﬁpﬁﬁéh%ggs’%%ﬁb%is
maX|maIIﬁ/ responswe ub{1 (ft gltlacttlcall |tat| (3)%0 the uestlogs that the.in ?ygators Wc#s:h to
answer eals e%’t?lesuc |mpoPté BUPEE NG yn hSTatiSfeart oplcsr*,né)ge ﬁ?ﬁlgf égoa% (ilhe
program negftatsiidpgyg thdiphosestats pbaseraner coprrshoariaiie scasyaviery Bppmbﬁ%tteeggm@@rlaad
breadth, cingdetsianatiog m\@iﬁﬁﬁmcaﬁ@h@@ﬁﬂlﬁ&ﬂ[ﬁ& @sr@énapﬂf&@i@tmnglaaﬁsfeanmdgnwnot

be randogzed. and,sg. gt [hsse fssiesc %"gﬁ%}%ﬁ e sl bR assoanabie. (61 o

deS|gn|ng experiments’in'the complex Wor xperlmental re wi y used in
researcht‘é(ﬁalﬁﬁe.naﬂsmaa%%vépds&ﬁ]e%m %rﬁ%ﬁfw@rﬁmgegmﬁ seiEtidhs, b imary
goal in sciegitificrieseaodalisvibutilty Holphda task-specific knowledge based system and optimization

algorithms; and together with a system to track-store-retain the scientific knowledge for future
usage. The most novel feature of the invention is its ability to in an integrated way provides the
discussion of complex trade-offs between practical limitations and statistical preferences in an
experiment as well as presents the generic technical issues and the core experimental features
found in an industrial experiment, to support robust engineering, characterization and

optimization activities for complex phenomenon.

2. BACKGROUND OF THE INVENTION

Experimental design is both an art and a science. The science deals with the mathematics and
formalities of developing experimental plans. This is what most of the literature is about. The art
of experimental design provides the framework for an effective test program that is maximally
responsive (subject to practical limitations) to the questions that the investigators wish to
answer. It deals with such important but seemingly nonstatistical topics as defining the goals of
the program, establishing the proper response and control variables, assuring appropriate scope
and breadth, understanding the various sources of experimental error, appreciating what can and
cannot be randomized, and so forth. These issues consume much of the time of those responsible

for designing experiments in the complex world.
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the statistical significance of an effect that a particular factor exerts on the dependent variable of
interest. While for the Engineers in industry, the primary goal is usually to extract the maximum
amount of unbiased information regarding the factors affecting a production process from as few
(costly) observations as possible. In many systems and processes of manufacturing engineering, the
bou nﬁ%ﬁ@@ﬂiﬁ@ﬁﬁﬁﬂﬂ;@@ﬁh@@' \Pli&_'[sfa:ﬁk%ﬁai@f&s_%@fﬁrﬁﬂ!ﬁi&ﬂi@dﬂ%ﬂﬁh&?}?}i@%&&? %&ﬁ@ﬁﬁé@%ﬁica|
capability to obtain satisfactory.analytical or pumerical models. As experimentation is necessary
o Gofine 1M LA PO e bt mier st B R S TRy

can be dBfisEistical sjgnesanecafam stivs chrtaumsrasalvidacineterer et yeigHeeed
facts thraugledhenhitpdsett ChpngessahthrluspyisHégaiais)tea@procasslintordarda desensgningn

CO”espo%%?%?ﬂﬁﬁﬁégdﬂﬂ%&&ﬁ%&%‘i% Q%ﬁg%%@%ﬂ%@é@ﬁiggﬁf RERARHSPIIS 2RBIRAC that

allows the researcher to better understand a process and to determine how the inputs affect the
responsd SR GiheRegiPus AteblEsign and create products/processes to perform certain functions
and performance. They designed experiments to empirically investigate the effect of various

parametdfs BATHSYalSPiNgBd pfekestrvGliciiprieessas snsyiterie h&iagbstntlad. siditiatvitieds
require cpayos neiionality.pyedictaigey\thenitimited expeiineaienare CoNCIIGGshBIREd obtain
'aborator#%ﬁ&ég%b’}g’é’éﬁ l‘éaﬁooPﬁ%ﬁJrFér%?%&‘etﬁ!Mse&E’&{)ST%Q%%@ %ﬁ%ﬁ%@éé(s&g}ﬁ%th%?ﬁléﬁﬁeq“'te

different from downstream condition arising from large-scale manutacturing or customer requirements.

The techhfbaior ofyihg DStmeRaritiErretrexPstis Mt Frpsriment dkstinapid desiest2prBposed
by the Entglfstuthas a SirsRmafishermjftisheonRract( 1R80)ks(1A66)icTie widthadips pdpblaryekfovn as
the factOEiﬁJoqgﬁigﬂe0£ﬁ>p%§£me@ﬁ§n§\e£9M@ﬁkﬂﬁiﬂ&@sdﬁw&l? idenfity:alRossihigFapRnaticnsfor a

given set of factors, E/.IHVTV a&gmﬂcantnggber of factors,

ince most mﬁ}ustrlal experiments ysual
a full factoHar Has! H%éi]&fﬂ%‘?ﬁ & &&H@H%Bé?%%"%%?ﬁe%%% PET ST the nETBEHE B ents

to a practiuildbouls diy eenribisin hastaralhderstpod silititRessigiad lectdetErmives rheth 8 orpetieatingt a
limited nyRakegImexperiments that produces the most information is known as a partial fraction
experiment. [Box, G.E.P., Hunter, W.G., and Hunter, J.S. (1978); Montgomery, D.C. (1992)]. Although

this methpglis Well kpowien R a&igNadeneial JHdGIRGSSREIR SRPICANCR et RaMRIaOhie

results O%E%%?r%a?%e. They designed experiments to empirically investigate the effect of various
parameters on the responses of the products/processes or systems being studied. Such activities
require cost and functionality predictions. When limited experiments are conducted in R&D
laboratories it is impossible to predict exact output responses because laboratory conditions are
quite different from downstream condition arising from large-scale manufacturing or customer

requirements.

The technique of laying out the conditions of experiments involving multiple factors was first
proposed by the Englishman, Sir R.A.Fisher. [Fisher, R.A. (1930), (1966).]. The method is
popularly known as the factorial design of experiments. A full factorial design will identify all
possible combinations for a given set of factors. Since most industrial experiments usually
involve a significant number of factors, a full factorial design results in a large number of
experiments. To reduce the number of experiments to a practical level, only a small set from all
the possibilities is selected. The method of selecting a limited number of experiments that
produces the most information is known as a partial fraction experiment. [Box, G.E.P., Hunter,
W.G., and Hunter, J.S. (1978); Montgomery, D.C. (1992)]. Although this method is well known,
there are no general guidelines for its application or the analysis of the results obtained by

performing the experiments.

Although designs of experiments methodologies are well established, several problems and

controversies still remain in existing experimental designs techniques. [Khuri, A.I., and Cornell,
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performing the experiments. Although designs of experiments methodologies are well established,
several problems and controversies still remain in existing experimental designs techniques. [Khuri,
A.l., and Cornell, Page 2 of 34 J.A. (1987); Box, G.E.P. (1988); Hoadley, A.B., and Kettenring, J.R.
(1990); Vining, G.G., and Myers, R.H. (1990)]. The problem addressed by this invention concerns the
ack of inyegrquigmpmr@mtaopb@g)ontaemegh%hgrdmaq@rﬁmgemr\q ¢bg>smﬂn%naygm§ﬂ§
procedur e S 18XP ent methods main reasonis industry's fai ure to
gl i e R R P R e S e )

understaAdingrdasapdneagbhash éhﬁtﬂéqré&p&ff@hmaﬁ%mésﬁ@% ot mn%%wryéa%%@a%[mgngm
G., and Riwadie, MsSn(b984):Rigaatialtolisl. TanehRiambeog, id. e (hA8E)y Faailoki 16usand tiblicah.

(1985 KRS Bf'\éxl?&ﬂn%mege%ﬁf This- {sl%%@tJoa%%s (3a9i3e751uf’*&%%*ae%g(h?eS%LkT'aF s

because the Understanding and app |cat|on of design of experi ent IS difficult becatse of it inherent

complexitiPFrsiadig s derrirdLR pt ﬁfaﬂﬁéﬁalch%"gf‘éﬂgﬁﬁﬁhéi%}% dBstyHib A dFth HTRLSWARP-
scientistd &mglelngiie evsd(fHadkxpelitné 2€r: Rugurtisllhavd. Icaﬂuilﬂgmhelga@ th ddk)edgewmhd G.
elxpe“enﬁﬁdW§ §§CG©€J§ tquégrﬁq«tur%fmmmt@e $igres ﬁ@l %Entemsmpme@men;al
annin nsutficien creale ementation escri ove
ettt gthib et AR e b i ot s AR i wegin e e
executiofcatitbpobridedigiens epnaypedy of photeninandgnrHess. iewddtow thatstabsadisnas nekel to
shape th@®xpeempentatanningcRieesaio eavalepsti@dniarpratiamnresyssanl{onge0d plansing,
design, ex¢ fﬁ%oféh%‘(lﬁe rh%%e”%(?@héﬂc%“”f‘ aEXcé*ﬂ‘a Yol %Peﬂﬁh‘?”t%gﬁ' foRlsiC é‘s Bed

complex,intimidating, afd can reduire a significant amount of time and earn an master.

Other inVETRBHEIRAYES ARAHEYRSETRTAIAY PREBNE G iRERIEINSHSrARTY i sRb RIRBME S8 create an
troubleshoniphegnemndfemopipiizdtiamibedplaying debign ehexpadmenteyethodatdMé&akee, VA Qppddahn,

G.H., and FRdere it E@]@gh@@d by Bodk G@%&Mémﬁ‘%ﬂd@&u&§ éﬁg%%brv(y@slfgﬁ Wi aspblt T-K-
Kang, S.M and Stac 90); Wu, C.F.J. Ma%gs .S., and

However, none
integrateoef cPcS’R{bm%‘HBH%f %a?’r‘&‘%%\é Y, B9t RS R e tgps ﬁ% ﬂl%?w SH&GB%L@W
generateptasesspérindevtlppotideolinfdmeiplatsscssanfiitdengerd planning, design, execution and

management.

In summary, the use of experimental design tools can be complex, intimidating, and can require

a significant amount of time and effort to learn and master.

Other inventors have created several types of computerized systems for protocol design,
troubleshooting, and/or optimization employing design of experiment methods. [Meeker, W.Q.,
Hahn, G.H., and Feder, P.I. (1975); Lee, N.S., Phadke, M.S., and Keny, R.S. (1988); Welch,
W.J., Yu, T.K,, Kang, S.M., and Stack, J. (1990); Wu, C.F.J., Mao, S.S., and Ma F.S. (1990)].
However, none integrate a combination of a wizard-based user interface, a task-specific
knowledge base which generate the experiment protocol and templates, an efficient and
productive automated support for tedious tasks, (e.g. data analysis, graphical plots and report
writing, etc.); a project data file which keeps track of a scientific project from beginning to end,
and retains facts about subjects, tasks, measurements; a guided methodology, which dictate the

proper sequence for robust engineering, characterization and optimization.
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productive automated support for tedious tasks, (e.g. data analysis, graphical plots and report writing,
etc.); a project data file which keeps track of a scientific project from beginning to end, and retains
facts about subjects, tasks, measurements; a guided methodology, which dictate the proper sequence
for robust engineering, characterization and optimization. Page 3 of 34 3. REFERENCES [1] Box,
G.E.P. (1988). Signal-to-Noise ratios, performance criteria and transformations. Technometrics, Vol
30, pp 1-3 1. [2] Box, G.E.P., Hunter, W.G., and Hunter, J.S. (1978). Statistics for Experimenter - An
Intro?uctgqn tﬁﬂ@é'ﬁﬁ Q Analysis and Model Building. John Wiley and Sons, New York. [3] Fisher,
R.A. (19 ' ' ' ' A.
(1966). Design of Experiment. Oliver & Boyd, Edinburgh, UK. [5] Hoadle%/, A.B., and Kettenring, J.R.
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comparing experimental designs and some applications. American Statistician, Vol 29(1), pp 60-64.
[12] Montgomery, D.C. (1992). Using fractional factorial designs for robust design process
development. Quality Engineering, Vol 3(2), pp 10-20. Page 4 of 34 [13] Phadke, M. (1989). Quality
Engineering Using Robust Design. Prentice-Hall, Englewood Cliffs, New Jersey. [14] Pignatiello, J.J.,
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to the art of experimental designs and analysis techniques for robust engineering, characterization
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discussion of complex trade-offs between practical limitations and statistical preferences in an
experiment as well as presents the generic technical issues and the core experimental features found
in an industrial experiment, to support robust engineering, characterization and optimization activities.
In accordance with the present invention, a method and computerized system is provided which is
comprisegl of UNVINICIROASSE PIaR Peat-SBRITITIeY foepIONPIanning and setting up of robust
experiment-analyzing-the-experments-and-iterpreting ; pecific-khow
which geperate the robu eriment.protocol and templates; an efficient and productive automated
omputalto A B P AP GRS PR o AR A s e R report
writing, ett Jeelsesd hadedaofiléhw Rty eterpidaiianteskaspacifi@ kabwiaagde-BesilindilcieiErdeginseck of a
scientific prejegt-Hiou beginniagiacerdg andatains fasisabaotfaiRjees sdaskec roRESUEENE NThiA
guided ”}%%%%8199%%%”11%&9'85%@%[}?&9%88%{1 E@s“?&cﬁré‘v”ﬂete&hﬂég&%%l f%é;g?n%é%} SOYUREET Lt

characterization and optimization. Tite presentinvention provides a rigorou universal framework
to designtREr AN e 4t Tt ARA S AFFTRINSSTHY cEYR it een@ RS e rehRr2F T Onalying
geometriogiriciatien @rdfinding wetinddsigsied sxpaonsehitaenastmaiteféactidistyrbtitizes.thisstroature
under the, el GANRUAIRS A DG, THREY. iAVEhBYREHMENIBL RV PSRt RIR e S X PRIVRRE
must be onducted.fThe tt])ree r%?m Eﬁlﬁgh%ts’ of the.exEanental g%q@smetﬁ are the number. of
experimeHtaF P&l fR8pLRs St AS T r IR & FATERS, AP A M H AL AR HES P RSEE B how
the settingeeamee eormisihed. pressigsedengénvantiorhaienllaseseshanfotbcot vt aryaursalil dtaisradesign
expert, intguagting and guidingl thepsemeiih agvizaisbhasempmpuianzaasystertioaaihesnidantify,
generateoartlld i%nt?l ze i{\\;‘lcglrgslation needed to solve a variety of optimization and robust design of
system, p?ogluc?s anaror processes problems. It is used to find the controllable parameters and its
settings for which the variation (noise) has a minimal effect on the system, product and/or process
functional cASHCrEIERENS a@réss%wmwegém%%ﬁﬂ%ﬁ(ﬂw@&géﬂ%&%aﬁiermﬂ% o,
which auteratipaiydrdatesirohlibhsdésitnpkicperisaenttbdsess dorydendegired isgtungaapoes eotrisevels,
output respeRsasnfAaslyPRaMeterp ANt @PaimentaRiestves Thaleomnuierizrd; sy siatislgsts the

Orthogongalls%rwich generate the robust experiment protocol and templates; an efficient and productive

automated computational capabilities and support for tedious tasks, (e.g. data analysis, graphical
plots and report writing, etc.); a project data file which stored into task-specific knowledge base,
which keeps track of a scientific project from beginning to end, and retains facts about subjects,
tasks, measurements; a guided methodology, which dictate the proper sequence and techniques

for robust engineering, characterization and optimization.

The present invention provides a rigorous and universal framework to design and analyze all
comparative experiments. The core idea is that there is a simple underlying geometric structure,
and that a well-designed experiment is one that effectively utilizes this structure under the real
constraints of time, money, and experimental environment in which the experiment must be
conducted. The three main highlights of the experimental geometry are the number of
experimental factors, the possible settings for the factors, and any constraints that may exist on

how the settings can be combined.

The present invention emulates the role of “do-it-yourself* robust design expert, interacting and
guiding the user with a wizard-base computerized system to gather, identify, generate and
analyze information needed to solve a variety of optimization and robust design of system,
products and/or processes problems. It is used to find the controllable parameters and its settings
for which the variation (noise) has a minimal effect on the system, product and/or process

functional characteristics.
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and assigns the factors to the appropriate rows and columns. It will automatically perform the three
basic steps in analysis: main effect, analysis-of-variance, and optimum studies. This help the
engineers to design and analyze experiments more rapidly and cost-effectively, because it
automatically generates fewer runs, provides automated analysis techniques, and intelligently capture
and retairgagsRdefermadianhaniiaditionst ARREAThaa JatXBE rMeaiatiabmhheapse sRAtIB VB BLIaN
provides & methad,and computarized sysigm base.on neproraling. dualiy, i foproduict design and
measuring qﬁali?y%y eviation from target. he method A 1 computerizéd syglflem o%?lmlzés esign,
solve profAEHSISHd P §¥RBUBER SPIREE Y Thel Ao gonep Hpdzed naptitani zstp el stbenaghaseral atsed on
engineeriig@ inskga thadtionrandicheaiingdpaarfiecis afdoisafastonswitiranbinadie de pgtophocess,
.de"e'o.p'@Hr@e"ﬂé’éﬁsestgfé%'ﬁﬁ%&@mﬁ% SHRIE % RRA IoMERTRRSSIRIG 8§§hﬁ8§f‘£‘&ﬂ§eﬁ‘ﬁi§rﬁa§m
invention provides a method and computerized system with complete reference framework for
planning TfeSIETGTAA ARURTL MY GEkpEHFTBRTENSHS TKh St Rt BRE&0SEStehYE ko8Pt Edlicing
warranty anégectiorlin goost e developmenprinidgsresamhatad ntialy psotictes prenetinddisietl igently

CompUte(iéﬁﬂr%Va%{G%tthﬁtrh@%ﬁﬁth%ﬂHXn dafinitan apg-ehigstive @@%ﬁ%@ﬂpﬁﬁgﬂc'ﬂon of variatio_ns
around the target with least cost. It uses a new approach to reduce variation without actually removing

the cause.of vadaion, ﬁl%%:llﬂgg?oﬁﬁé‘éiﬁt%?étﬁ&ﬁf%%aé‘&% Jnakins E’J&H%&é@ﬁo‘éﬁsﬁq%ﬁ%ﬁi}{ to
the influence of uncontrollable ‘factors. The present invention uses "on-target engineering" approach

which invBIoEY ik AtramictidetighARE JREBIERS MRS BrAsvirtiamiinge Hetaliatdne %{f@@é by
the noisectanpotsrifredisgstantarstnepres dedigonstiiion rabhiols cadseuvidriabost iprtitesodéssmactti dive

an adverggq Q{S%%&Qr%ﬁ%&?éﬂ?%@?e@f@&%%e@%@%gﬂ%gﬂfﬂg% qa@ifpf‘dﬁ%itY&ﬁoaﬁ%fﬁ%}i%Jﬁ?ethe

identified sjgnificant confrol parameters to shift the mean onto the target (for static nominal-the- hest
problerm) Sl A AL B BRI B R it oE 160 B e brOBEIP. 1 Surho i AP G1e" gRASBRRTIEntion.
an on-targjeategigineehngesetrodarmddoniptiteszed system (software toolkit) with methodology is
provided for developing products and processes that are insensitive to noise based on statistical
principlesiBypdedumn inooatarg girpeidesnancehad dandidabipiyte thisd nystdionyptioidep lerg iréatmiveith the
mean to %@\%ﬂgW%P&%ﬂiﬁé?%§%?ﬁng1%@%ﬁ'ﬁ’l‘?f%ﬂ@%‘f@fﬁeﬂiﬁ@ﬂébﬂﬂ%‘ is important because it

save cost by reducing warranty, rejection and cost of development.

The present invention provides a method and computerized system that uses a new quality
definition and objective based on reduction of variations around the target with least cost. It uses
a new approach to reduce variation without actually removing the cause of variation, resulting a
consistent performance by making product/process insensitive to the influence of uncontrollable
factors.

The present invention uses ‘“on-target engineering” approach which involves identify the
significant control parameters that will minimize the variations caused by the noise factors
(noise factors represent conditions, which cause variation in the process and have an adverse
effect on performance the process, but are too difficult or expensive to control.); use the
identified significant control parameters to shift the mean onto the target (for static nominal-the-
best problem) or adjust the slope onto the target (for dynamic problem).

In sum, with the present invention, an on-target engineering method and computerized system
(software toolkit) with methodology is provided for developing products and processes that are
insensitive to noise based on statistical principles. By defining on-target performance and
variability, this invention provides engineers with the mean to make products and processes

insensitive to sources of variability.
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Page 7 of 34 The role of the present invention is to bridge the gap between the user, who is
inexperienced in the hardcore statistical techniques (such as robust engineering, characterization,
optimization and statistical techniques), and the soft management procedures among existing design
of experiment methods. Another role of the present invention is to develop the information necessary

for good }Plﬂﬁf?’[&of d%@ﬁ%s%ﬁ%ﬁﬁo%ﬂ@ mfiliﬂ@%'ﬂﬁll i fpreeush @ﬁ@{[lk%ﬁfiﬁ_ﬁ@ @H@Sﬁ@fiéﬁ’_@@iﬁ?d
optimizatjpn omplex phenomenon as well as solution to many problems in many disciplines o

o aimear e B R SR E B SR MR ORERIATS
efficient Ehittstisiaisdiigigna shileibell $nagascaIoRIRICEH AR SHSHINENSRRERGIe of
the presenipitvaptioméshi@ihelp engineers and scientists to work consistently by providing a disciplined
approach and a consistent framework. Another role of the present invention is to help to organizes

data collegtiofet g r@ﬁ%@%&%@ﬁ%ﬂvéﬂ%ﬁtig%@i%m@m}%%?oﬁﬁgt%qwé@s@&ﬁ?%?@i@&w&ﬁh@d
knowled%e. Another role of the present invfentiog i% to sjmgli in% the desiZ%n and %nal SIS o{.com lex
esign, execution and.management I TODUS NZINCcer, har terization and optimization
processes 0|gp’roéucltls, spemﬂcaﬁy%%r geve oping OFheW TobLst p_ro%ﬁjcfs a_nof] processes, as well as
for optimiAR teve RvaMEAIR 98 et Wiante isingPppb et dhhprycBsspsnFagb®ineyisg
OBJECT&ide. ADVANTAGES OF THE PRESENT INVENTION Accordingly, several objects and

advantages of the present invention are: (a) It provides an easy-to-use robust design optimization tool

that helps, iR, QREMIEE 7 WHFBro@HEMRIRRHE! desianandARIMIZAUARRIARIS RIS Hi B IHRSns to
wizard-based graphical- usgr-lnterf ces tha{t are desg%ed for ease-of-use; and only requires the user
e

to follow H&! %Fbgfgag%ur? S B?%%E%f B EEHbIAES This allows novice, intermediate

and even advanced experimental design practitioners to quickly and easily perform designed
experimentoteoBRMrPIHE T PARIAT AR YRR A el IREHRREMET TG IRNET DO SXPRTFRBHEFRINSY D) It
provides préasksgpe dificikliovd egpe bdsend/hichngatetaiartisverperiment protocol and templates, that
can stipulates the way of conducting the minimal number of experiments

Another role of the present invention is to help to organizes data collection, integrate embedded

robust design knowledge and document the project work and knowledge.

Another role of the present invention is to simplifying the design and analysis of complex
processes or products, specifically for developing of new robust products and processes, as well

as for optimizing the quality and performance of an existing product and processes.
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which could give the full information of all the factors that affect the performance parameter. (c) It
provides an efficient and productive automated computational capabilities and support for tedious
tasks, (e.g. data analysis, graphical plots and report writing, etc.). It provides a menu-based wizard
driven environment for planning and setting up of experiment, analyzing the experiments and
interpretisg thgg eples ANDUSY ARTRLIER OFt PHIOPRESIESTDNN VRNGFOARTiety of statistical, and
graphica : Hg-ard—w 2z i d : ows-tHhe-userte

tested exReriméant rotocollaq)d tetmglateﬁ intto a Er?j ; ct data f%'le stotred into task-specific knowledge
base, whith an 18rer 5E At d8ed 131/ ot ‘éar%.a%ﬁeoproffé)crf Sc?é]tallfﬁgnv&ﬂ%ﬁr%eps track of a scientific

project from begénning to end, and retains facts about subjects, tasks, measurements. It allows the

user to easil{AdERIYVIEESRRFISIHA PrevieRIsty Gistivhi2abRIIERMER! ShetdPaiRl RBHIpBIAEE: Bifthe
use of a projecwirietylefigebbstséesigre rafbptaminexpgnieblced uUs g canl ¢ oduativbigah akeptismlof the

experience of ofnefSinV¢EELISRIPRE IR RS YR LkPANIRAIS RSy (R IRIOUIEER @ aVERdw the
methodology, which dictate theggro er sequence fOE rohust e merﬁ%%%,lﬁ)haractenzatlon an(ﬁﬁlte

optimization. It i§ H8EIGISeBF IS gk FBRIFU BENERP 78 I 3 e BAMIGu S Witk
learning a compiithtedsofidvansqshckagaroentthistil Iargtitigect doeguimdtlyeaurecpdfigenioynn
artificial intelligengegemadvaqsatnsnaihevalics estatisiasm Thismitoalyopy eRyans Ganl Ieambhoyf to
use this inventioer)li %r}d gt i 1%)rlving real world problems within a few hours. Page 9 of 34 (f) It helps
engineers and SCIBRLISES 0 WOTK consistently through a disciplined approach with a consistent
framework, o[ﬁ, nizes data coIIE]ction, ith emll)ecﬁgded robuﬁ,t esign kngwledge and docume[\t roject
work and knbWISAIE VS pEERSIAE THBIRVERTORE EnliHE R ECBEH Th S L3P BIBERL PYIES, fHKtease
product/processenupdditss athd tprarfoitnalates, letivey dévetohian desisingohlovarfoste trstonmsket,
and increase cygiRnelosdlisiaclione gifl nforaatisifentive hreausR it anablasctherréeption Phnce
prototype models ui(;[lély and inexpensively. It assists in developing accurate models in less time,

even if with Iimﬁgaaefpe'rlence with statistical techniques.

(c) It provides an efficient and productive automated computational capabilities and support
for tedious tasks, (e.g. data analysis, graphical plots and report writing, etc.). It provides
a menu-based wizard driven environment for planning and setting up of experiment,
analyzing the experiments and interpreting the results. It includes a complete set of
robust designs, a wide variety of statistical, and graphical tools for analyzing and

visualizing the experimental data.

(d) It allows the user to save tested experiment protocol and templates into a project data file
stored into task-specific knowledge base, which can later be accessed by others. The
project data file which keeps track of a scientific project from beginning to end, and
retains facts about subjects, tasks, measurements. It allows the user to easily identify
standard and previously optimized experiment protocol and templates by the use of a
project knowledge base. Therefore, an inexperienced user can productively make use of

the experience of others, which is stored in the project knowledge base.

(e) It provides a guided methodology, which dictate the proper sequence for robust
engineering, characterization and optimization. It is designed to get maximum benefit
from powerful modeling techniques without learning a complicated software package or
statistical language. It does not require proficiency in artificial intelligence, advanced
mathematics or statistics. Thus, virtually everyone can learn how to use this invention

and start solving real world problems within a few hours.
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Other objects and advantages of this invention in an industrial environment are that it: (a) It provides
simultaneous optimization of several factors can be studied at the same time making it possible to
gain insight into their simultaneous effect on the response variable and gain an understanding of the
relationship between the input factors and the response, and interaction effects among the various

parameters Yy OmIHa &@ﬂié@@%&&&nﬁm&tjm@@@&@@te@tﬂtlﬂtﬁtéﬂ%sdtﬁniqlﬂ@daaﬁﬂt%‘éﬂwlﬁﬂd

decision maklngdbecause t e number .of observatlo nee %gtltgnm%kt%a a&r& canbbéat ngfnlmlzed

thus reducing costs assct)%lllate W% ﬁ‘%e n\%eslfzgatlon an |nteract|ons beR/lveen varlact)bles can
detected and dktenased 3(5} Wswaégramt&@at@élﬁnam@ﬁg&mm model relating the response to

the input factors, which is often referred to as process/product characterization. This can be used to
determin8yndeakfytitiethstimgs bbiheripmetfactor snitras sppivizes thieldss pommsase Brpknentaberrors
can be eﬁﬁﬁlﬁ %ﬁ%ﬁ@ﬂﬁﬁﬂfé’@%cﬁ@é Bevdr ?ﬁ%ﬁﬁm%n%%dg%éil@ﬂ Q{%Heat@%ﬁfﬁéﬁ we&Mlcrease
|nformat|on {or deter samptelslzes fofr ollo studi les I[ISerS the nfaed for

E) % rovid
ds OMmer S tls H COSI-C: fectlve be use 1 cnables the,crea on 0 %
a quick an IEleht ot Steharad eriZzing and “optimizing new and evolving tec

mdustneg@@&tya@l%wmmnlg prGcaisted %M@@M%G%H@tﬁt%&ﬁ%al}s 1¢sartne¢ cmjeetﬁ aznéh

advantagasiefdRiserverdoniivilihasaiacppriant from a consideration of the drawings and the
ensuing description. Page 10 of 34 6. SCOPE OF THE PRESENT INVENTION The present invention
provides the novice, intermediate and even advanced experimental design practitioners with a unique
method and computerized system which has the advantages of a wizard-based

graphicalyiserJAieifaces 100 RIANNINGLAK RRIING U OLORIRLXPSIIMSh ARV Ainghe experiments

and interpreting the results; a t speC| IC nowedge asew generate the robust experiment
protocol an plates an effi |ent and productive aytomated computational capabilities and.support
o tocimus sk pEcy i TRLgEL mat%?&gﬁﬁeaerg%twmﬁ% ST BB S
stored into task®pktifidtkpesailddde b@tgemwakthm@éqﬁgmnkltam@mefﬁﬁtz @rct]@oteﬁrmnslgegmnlnhg to

end, and retaingfaciaiabauiidniestgidaskshe relationship between the input factors and the response,
and interaction effects among the various parameters with only a small amount of

experimental data.

(b) It provides rapid data collection and decision making because the number of
observations needed to make a decision can be minimized, thus reducing costs associated
with the investigation, and interactions between variables can be detected and

determined.

(c) It provides and creates a mathematical model relating the response to the input factors,
which is often referred to as process/product characterization. This can be used to
determine and qualify the settings of the input factors that optimize the response.
Experimental errors can be estimated and conclusions can be drawn using knowledge

gained and this is useful information for determining sample sizes for follow-up studies.

(d) It provides and satisfies the need for a quick and efficient method of characterizing and
optimizing new and evolving technology for industries such as manufacturing, processes,

biotech and pharmaceuticals.

Further objects and advantages of this invention will become apparent from a consideration of

the drawings and the ensuing description.
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measurements; a guided methodology, which dictate the proper sequence and techniques for robust
engineering, characterization and optimization. The scope of the present invention is very wide

because the present invention provides the essential method and computerized toolkit for engineers
and scientists, no matter what the industry, wherever the design, development and manufacture of a

product rgqmge;dpg mmmmmmmmnce englneerlng and good manufacturmg
technique Ris

|nvent|on,[%an be broadl IaSS|f|edd|nt tW t}/ tm{zatl roblgs i.e. the stati d namic

optimizatis BISHBH VR BRI yeusanars‘fe B R AR e e Aot

mv?ntuonprﬂhgfws?rwétls mys@mﬁ%m@%&@eme&nwwwmﬁgm %ﬁm&é%&&rﬁ? o

performawes: Scdy HRIFhiSANG i Hlcaavas CR ANORaIatesdl @ tarast Yahist ¢sinpgitmize

by the relations g‘:tﬂgt%’xeg%?lﬁﬁ‘@rﬂ& Ca%'&”%'té’rﬁ%g%%?%ﬂé‘t%"{as%%e@ﬁﬁé E%Yl%%%g gL [rge,value.
ea e ret

The present invention static optimization a icable to cases w ality characteristic's
target hagAHREdhs &R ﬂ%@%@ﬁgﬁr@@éoaale@ﬂ/éem&mnﬁﬂ.féfménm@érpga%%vae%n&tmﬁtﬁffﬂom
the targetomputaparaneterbilneiserfdcigrsoarfdraatiods/alsles @re. dsachirlstaticoogihmiziapions Fink
static chaggeleisHan & gLl amAhleash g samples sl dplaiif. ot RRRIImen Al
Noise fagtors are in the e ‘fperlmen ce variabilit acur rat#ﬂrth d|ng on the
random ARG SR U it DAFTRENS ™ ROy DS SR b B R Bna: ang
is used innseewisritRvherguided geﬂbnﬁ@l@g@ ofvthehsgutiain @mwmvmwemvmtadmmsafes over
a range gbyatussennstitRlmizesd byhe dedasjansiimiatween dynamic input signal factors and
output responses. The dynamic optimization is applicable to cases where the quality characteristic

operates-gyelg, é‘Qﬂeﬂ‘PJ YRlES: ﬁﬂ%ﬂﬁéﬁ‘?g %WW@%@&@I?&W%%‘%Q% "HOGHIDABIGR@MizE the

response to aflred valye. The dy namlcﬁ% er tic is ysed when an adjustment factor i E)akn wn

based orF BPEHEA MSHEOF 1B KOLRYIGFE |FPé’ thd UnSRRE TP AR SIERTTate rRRlITE R EL
signal factolusepresdistesebytlsimgiel ime aleeejoatiomtinanthichame anpue pafamerdovay loguissd the

adjust th%dﬁ%ﬁhff%%%@%pﬂﬁ%&@&%”ﬁ@ikﬁ&%a%@éﬁ@é}liﬁgt'ﬁ{lioé&@ h'ﬁ\iﬁﬁfﬁéﬂm%u@&wﬁfﬁéy the
optlmlzatlon rdbust 1}l:;[roduct desi qn, analytical simulation, technology development testing, process

developmBnt problation can bet

In general, the potential areas of application of this invention can be broadly classified into two
types of optimization problems, i.e. the static and dynamic optimization problem, which can be

solved by using the optimization methods described in the present invention.

The first type is the static optimization problem, and it is used in scenarios where the
performance of the system is known in advance and operates at a fixed target value, and is
optimized by the relationship between input control parameters and output responses to a
specified target value. The present invention static optimization are applicable to cases where the
quality characteristic’s target has a fixed level and the robustness objective is to minimize the
mean square deviation from the target. Input parameters, noise factors, and output values are
used in static optimization. The static characteristics are calculated from at least three samples of
data in each experimental run. Noise factors are used in the experiment to force variability to

occur, rather than depending on the random variation and sources of variability.

The second type is the dynamic optimization problem, and is used in scenarios where the
performance of the system is not known in advance and operates over a range of values and is
optimized by the relationship between dynamic input signal factors and output responses. The
dynamic optimization is applicable to cases where the quality characteristic operates over a
range of values, and is used to optimize system tunability rather than to optimize the response to

a fixed value. The dynamic characteristic is used when an adjustment factor is known based on
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solving in many areas of manufacturing and service industries. While the above description contains
many specifics these should not be construed as limitations on the scope of the invention, but rather
as an exemplification of one preferred embodiment thereof. Many other variations of the present
invention are possible, such as to provide problem-solving solution in general but not limited to the

followingia)},Mykat %Y%E@glhdéfﬁ@&ﬁﬁ?ﬁé%tﬁ[ﬁ%%ﬁ&ﬁ B8 Wadrying @ makeiand fRWRsedRHH)

What arebthe CFI}IC?| mE) Rat%rrpﬁttvav ﬁl(ﬁ{lg]nolisgtvarlgbl sthaat ffect s ste é)mda%crte arcl)g/S%r
processesyﬂ/m]iJ ¢h con ro(il parameters are mo Pe ngm ica ]i%a?’n t% ers ow 0 combine

different arameters settings to get the best results and substitute a Iess expenswe part to get the

same perfOfrRaHR ayeanH ARHEA R0 Al hEn MECE L FHI08 SRS VARKSS RAATNICTS the
cou ntermweaﬁmlmeaétwmubﬁtmmpfmhmé@fedw@aps@ntbgwmgwq:méastdcs@lw)ndm;vpoobmmh for

robustneﬂgggqﬁl%@ arsYSIRThRIANEHADHR RrecesarRRMAat need to be done to reduce
performance variation around the target? (f) How to set up the process such that it is insensitive to

noise fac{prs?. How gpse HasaRIAR PRAMEIEh ATREl e pSHaIARes? égragd-a@atgs mprQYedbe

system, pro uct an roce Ses Wit ility? How to per concurrent research
on futurehHe et B GBS HHRR-1 O YA thas I?r‘?o%l@é‘@ ity s wesiksArekadiracahd
across thiaenipany? Accordingly, the scope of the present invention should be determined not by the
embodiments illustrated, but by the appended claims and their legal equivalents. Page 12 of 34 7.

BRIEF DiaRIBEIQN eodd-tf BIRAMIMEGHVEREabavepandbnthen@dvaniggesiad HebrvertpRmill
become %?h #'I é@@er%l%ttﬂgtfl \Jxlﬁt‘élﬂ% tgg%ﬂgtl%p taken in conjunction with the accompanying
s wherein

drawing e references refer to like parts S'and wherein: FIGURE 1 : The generalized

flowchart of esent invention. FIGURE 2A: Schematic view of a al static o zation problem
being studlega) @‘ﬁl@fzs 53 Pradicl A OVRERF P S 5icT HyHHC™S %Eﬁf}iﬁ%‘ﬁ? ém th being studied.

(b) What are the critical input parameters and noise variables that affect the system, product

and/or processes? Which control parameters are more significant than the others?

(c) How to combine different parameters settings to get the best results and substitute a less

expensive part to get the same performance?

(d) What is the information necessary for adjustment to target value? What is the

countermeasure for the attenuation of noise effects caused by unknown factors?

(e) How to search for robustness condition in a system, product and/or processes? What

need to be done to reduce performance variation around the target?

(f) How to set up the process such that it is insensitive to noise factors? How the

uncontrollable parameters affect the performance?
(g) How to improve the system, product and/or processes with good reproducibility?

(h) How to perform concurrent research on future and current products? How to retain the

knowledge gained in this work for the future and across the company?

Accordingly, the scope of the present invention should be determined not by the embodiments

illustrated, but by the appended claims and their legal equivalents.
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FIGURE 3 : The eight steps methodology of the present invention. FIGURE 4: The block diagram of
the ideal energy function modeling. FIGURE 5 : The function modeling template for
systems/processes studies. FIGURE 6 : Template for formalization of Problem Diagram (P-Diagram).
FIGURE 7 : Checklist and template for robust design project and investigation objectives. FIGURE 8 :
Templateyfor pRIPAMEN ORI OP e e hEAURIENE;§ Template for assignment of noise
paramete RE 10— plate-foroutputs = -

lainin

knowledgﬁl-baged of t(li1e { res%nt irt1ventio ) FI.GURtE 12 '.1 owchart ex %l;[hfe flo%offelr];tire
computen 2&d &)L ie S AR INARE Uidht IR e RIS oy & MR RIS L TR SRSl Mshtion.

FIGURE daaripGerniskearireensysietiofow the e eopipsnaex ghavaasighmspinol ksrisfaereys RIGURE
13B : Compikiepard systararian:creating robust design - assignment of outer array. FIGURE 13C :
Computerized system for creating robust design - assignment of output responses. FIGURE 13D :

ComputerigedieyStermHoLGIeAlingd ARMRIARSIM: RRlaY phiangiand outer arrays. FIGURE 14 :

Computerized system for displaying robust experiment design layout worksheet (inner and outer

array). PegeURIOh A4 KIGURE LW &romulizad ayRisphfor Sala pRIRYAT Hampstirimance

measurement data. FIGURE 16 Exemplifies an example of a computerized screen for computing the

experimeiG{eRulsRISNY ARANSISRT Jr4a i%é@&é}?rﬁ;&g HptRIRISe IR SheaRN AdRi@blem-Diagram

for performing experiment analysis. FIGURE 17B Computerized screen of a data plot for performing

experimeriamRIYSS TRGHR Este Q&&H&Hlsg%@ﬁ%fﬁ%@eﬂi ahlrciesial effect table for performing

experiment analysis. FIGURE 17D Computerized screen of a graphical technique for displaying

2-Dimemgjenat pmeapeffgsts g%gm@qﬂg%ggqt&&g WRE:4 Iﬁlg:&gﬁllpé!terized screen of a graphical

technique for displaying 2-Dimemsiona
FIGURE 5 : The function modeling template for systems/processes studies.

FIGURE 6 : Template for formalization of Problem Diagram (P-Diagram).

FIGURE 7 : Checklist and template for robust design project and investigation objectives.
FIGURE 8 : Template for assignment of input parameters.

FIGURE 9 : Template for assignment of noise parameters.

FIGURE 10 : Template for output parameters.

FIGURE 11 : The embedded knowledge-based of the present invention.

FIGURE 12 : Flowchart explaining the flow of entire computerized system according to the

eight steps methodology embodiment of the present invention.
FIGURE 13A : Computerized system for creating robust design — assignment of inner array.
FIGURE 13B : Computerized system for creating robust design — assignment of outer array.

FIGURE 13C : Computerized system for creating robust design — assignment of output

résponscs.

FIGURE 13D : Computerized system for creating robust design — display of inner and outer

arrays.

FIGURE 14 : Computerized system for displaying robust experiment design layout worksheet

(inner and outer array).
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Signal-to-Noise ratio effects and interaction plots. FIGURE 17F Computerized screen of a graphical

technique for displaying a significant mean effect and interaction 2-Dimemsional plots. FIGURE 17G
Computerized screen of a graphical technique for displaying a significant Signal-to-Noise ratio effect
and interaction 2-Dimemsional plots. FIGURE 17H Computerized screen of a graphical technique for

displayingg;Biiime meignplitsHrtarax RAABPOLHUERIOIS eh PR BHRERIE! hesylirridURE 171
Computerized screen of an Analysis of Variance (ANOVA) for performing experiment analysis.

FIGURE @i Rampterizadinreeni dxkagisitivity abalysismeaveltas aptivizasiamefisesigiens anith

suggested o tsimsallnseatltlia egsl.sIf)IfCSII%JeI%lE 18 Computerized screen for printing experimental results.
FIGURE 19 omputeriz &850 a report writer for quick experimentation documentation and for

data stor hival. FIGURE 20 Computerized screen for quick online help function and.
documer QTS B 1 S L YA T LR e RO b Gt of
the present | ion will be descrihed in further detail with reference to the accompanying drawings.
1. The BT Gleb et OBHAG, o AE Y SbA b ECORETE Ut SRR B Bothall generalizes
flowchar t& r t invention, .i.e. the robust engineering.and optimjzation . method. The.concept of
tho preed IRl e EoEBIRED SR ke RCBA Ly h S LTS oo S
cycle. TheniEsisbehind this invention is to computerize a method and system to "search for a condition
with good reproducibility by obtaining the information necessary for adjustment and stabilization to
target vailleURBel Hain fduansteuzheé sexgsiored acesumbecdptaehnadion forobikmaypgotrilimeimgifmal
environmasiie fieetdtenaatimalcieiatineship equation so as to satisfy the experiment constraints and
objectives through minimizing the variance and shifting the mean to target. It is based on this concept

that a methou RRA1GEMpPOteHiged sxsien éen rebustRpaibaetdBmgE: ORNIZpLigm et 200mieXional

phenomegl(g)galﬁtz)rﬁ(]eo%g(%atio effects and interaction plots.

FIGURE 17F : Computerized screen of a graphical technique for displaying a significant mean
effect and interaction 2-Dimemsional plots.

FIGURE 17G : Computerized screen of a graphical technique for displaying a significant
Signal-to-Noise ratio effect and interaction 2-Dimemsional plots.

FIGURE 17H : Computerized screen of a graphical technique for displaying a 3-Dimemsional

surfaces and contour plots to help interpret results.

FIGURE 171 : Computerized screen of an Analysis of Variance (ANOVA) for performing

experiment analysis.

FIGURE 17] : Computerized screen for sensitivity analysis as well as optimization of decisions

with suggested optimal settings.
FIGURE 18 : Computerized screen for printing experimental results.

FIGURE 19 : Computerized screen of a report writer for quick experimentation documentation

and for data storage and archival.

FIGURE 20 : Computerized screen for quick online help function and documentation.
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FIGURE 2A illustrates a typical type of static optimization problems solved by the present invention.
These problems can be defined as a system with inputs parameters denoted by the vector
X=[xi,...,xm]T and output responses denoted by the vector Y=[y1,...,y"]T. The factors that affect the
relationship between input X and output Y are called noise variables N=[el,...,e"]T The relationship
between X and Y may be nonlinear within the area of interest and can be characterized empirically
using the present invention. FIGURE 2B illustrates another typical type of dynamic optimization

pr0b|em5850|mb¥1ﬂ'l§l)'D\ES’@RGPW@N’@WHEWM@N mclude research for improvement,
stability &

These p Lems canb ﬂ%flned as a sy stem ed of uIt des et)Wlth [

signal BT HEREPES e SEsib ISR W‘%@ i??&fﬁtﬁ@ %&&eﬁsdeg? IHEEFERE Vo
Y=[y1,... 8¢ Wmem@ﬁm@meters chosen without restriction are called design parameters
X=[xi,...,X"]T. The factors that affect the relationship between input M and output Y are called noise
variables N=[el .... ,e"]T. Page 15 of 34 FIGURE 3 illustrates the detailed eight-steps methodology of
the present invention for robust engineering and optimization method, which can be used to solve

both the gtatlcpﬂgagﬂﬂmgp ﬂmmaan@y Bth@ﬁi&s@nhﬂ,vgﬁmﬂ Descrlbe and develop a system
model tha

Theflrst h ent i entlon to ' D hich mea ns 1o scrihe nd evelob
2 system BRI L e o e L B o
process. %@%ﬂa}gbeléameala%lsp aethed- |n@ﬂ?d%‘§lF§BFés%H%§tRF€§eﬁbhﬁ“éﬂmaﬁbF6Mé?é d8cihfines
required t& eondutt-HiedeSpeytprRfihiAivaMpostaninobje diiverof dhisnstayydte. tolkoviden abbefitide this

”ecessarﬁﬁ%fﬁf&a'i@Q&O&W%EeéuEtéeﬁ{ot@ USSR DS re&@b‘}@ﬁe‘i‘&yaa&ﬂlﬁﬁ%”%ﬁtg gsly- The

present inventjo es at nique called "function modelln%gas jts primary ormg representation to

describe & YO, ARHERSJAE IR HUBHCtHEPre RIRSERGBHAACetal {PHSpe B
system: italvehaVioe, ieitasiteatd scomsherirsplandlits arehiteonig] ztidthesdfour basisentslafirgfitsction

map direghyiterifeae 1Bf MaysiesPiim AN RSHODBGS A MRENANISMS satisfy the experiment constraints

and objectives through minimizing the variance and shifting the mean to target. It is based on

this concept that a method and computerized system for robust engineering and optimization of

complex phenomenon is invented.

FIGURE 2A illustrates a typical type of static optimization problems solved by the present
invention. These problems can be defined as a system with inputs parameters denoted by the
vector X=[x1,...,.xm]" and output responses denoted by the vector Y=[yj....,ya]". The factors that
affect the relationship between input X and output Y are called noise variables N=[el,...,en]T.
The relationship between X and Y may be nonlinear within the area of interest and can be

characterized empirically using the present invention.

FIGURE 2B illustrates another typical type of dynamic optimization problems solved by this
invention. The typical types of problem include research for improvement, stability and
reproducibility in engineering systems, products, processes or technology development. These
problems can be defined as a system (composed of multiple design parameters) with input signal
factors denoted by the vector M=[my,...my]" and output responses denoted by the vector
Y=[y1,....ya]". The design parameters chosen without restriction are called design parameters
X=[X1,....Xn] . The factors that affect the relationship between input M and output Y are called

noise variables N=[e1,...,en]T.
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(architecture) to convert its inputs (task) into its output (behavior), in the presence of constraints.
FIGURE 4 illustrates the block diagram of the ideal energy function modeling. The main objective of
the ideal energy function modeling is to ensure that these systems and processes perform useful work
by converting as much of the input energy as possible to a targeted output performance. The systems

ang prOgFf@@H{\Ei_|k_ hﬁdk’tﬂhﬁést%@&i@(laﬂl@lﬂ@i/gﬁf]fké@ﬁt1’&’&%6@&%@? 40 tHREHBSHAT Eiﬂv%ﬂﬁfﬂwﬁﬁﬁ%ﬁﬁ_med
and made insensitive tq the. external source of disturbances. Fqr cgmplex. systems/process, review
s et iR S o SR e v A s i
function RIIHBIHHG S @é@?}q@%xplore how the system and/or process would perform if it were free of
any external disturbances, noise or constraints limiting its performance. This ensures that the
variations occur in the real system are exposed and with this good understanding of the variations
from the ideal state, the system could be made more robust. FIGURE 5 illustrates a function modeling

template §or. By steepsIproesseibe ahdli@s: oyl ARe sstepsnbaAO MRS iEh G Yiskem RIOCaB-ROVYedizgram,
which shows th(i:- i%h?ﬁﬁpﬁe%fpglé}ﬁ%ﬁ%ﬁfﬁ%dg%ed]gq‘%9%"5’9%@.the system or process into
n.with in.Page.16.0f 34. §

sub-systems,.eac Ats.own parameters, i order.to study.the components. and.their
interactions (i.e. develop hierarchies of models that represent the system at various levels of

abstractidhf (BFPHRdR Heserpiohd WA eluipmBRtCHbsetalE M eraRitemmats iIdeprtesnd
parametetsyadpecialystmditionts] dnd pénsoficrebgkils and knovwiedgs netessamntagerfeliomens of
process. {se,garhicdingrams with ahal conagstionsioyarkyithitba fdociprsmedalsdaBrvide an

intuitive user understanding and simplify the task of decomposing the models.. (c). Describe the.
otmilod AT R Lo SO A S 0e AR A RSTAToh ST LB St
skilled peesprevidgatinaitheiteeaespnosdesgiroudh dlpwhiherepulty dopletscnd phsdepsicayddsfine
the intenaﬁdnla@b@m@ﬁtqjgmg system, desired target measurements and historical record of the
complex behavior of a system. For complex systems/process, review subsystems/sub-processes and

select actyliesJ&sRORSRIE SR 18& 'UNiBRique called “function modeling” as its primary form of
representation to describe the system. In function modeling a system, the present invention uses
four aspects of a system: its behavior, its task, its constraints, and its architecture, and these four
aspects of a function map directly to those of a system: a function uses its mechanisms

(architecture) to convert its inputs (task) into its output (behavior), in the presence of constraints.

FIGURE 4 illustrates the block diagram of the ideal energy function modeling. The main
objective of the ideal energy function modeling is to ensure that these systems and processes
perform useful work by converting as much of the input energy as possible to a targeted output
performance. The systems and processes will be tuned to be optimally efficient with respect to
the required energy transformed and made insensitive to the external source of disturbances. For
complex systems/process, review subsystems/ sub-processes and select activities responsible for
that ideal energy function. The ideal function modeling is used to explore how the system and/or
process would perform if it were free of any external disturbances, noise or constraints limiting
its performance. This ensures that the variations occur in the real system are exposed and with
this good understanding of the variations from the ideal state, the system could be made more

robust.

FIGURE 5 illustrates a function modeling template for systems/processes studies, and the steps

involves:

(a) Start with a process flow diagram, which shows the major steps of the process. And then

decompose the system or process into sub-systems, each with its own parameters, in
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8.1.2. Step 2 - Formulate problem by defining elements such as inputs, outputs, noise parameters and
objectives of the study, etc. The second step in the present invention is to "Formulate Problem”, which
means to formulate problem by defining elements such as inputs, outputs, noise parameters and
objectives of the study, etc. This second step is to formulate the optimization problem by defining
elements such gglERRULHRCHRNCBRHAEELRSMHIIANAD ibHRUISNH iSe 1B NBFANBLSIST eIl
characteristics ﬁlrégr%b'ecetjl\{etﬁ og‘ tsh[g sté;[d\)gneot&s. ilé Qle Sis0 %%bb%gcq{n%lleted by a group of engineers in a
brainstorming SESSion, This wifl ifvoves creating a escrlp%lon of the process and establishing initial
values for the input and output parameters of the process. The description of the system helps to
establish a HRAAIIBF e JGHSFHRIRA™ nbridly afd'HRSHBUS ﬁ]éé%fl?&?am@%fse&%s.fﬁf}(%ﬂ%lamem%ﬁhe
system is basedaporesoy sgsciéntifidigndse agdeasoprisicipl esddxperieiastak cevidentep B é&fore
conducting the gxpesigeset, e kaapiadae.ofiie SRt eOMAUROREES)weRdar v artigatian is of
prime importance fgrlidtenti ing the factors ikely toénflgflerace thedouth ethAlt[hci%JgPJunction .
modeling is a natural SreBr Sentation 0 é)}\s’ ems in eerspal}élslerl TAVERtion. 1t id° (E81ess GniesY it tan
support the diffdhsrinpélses of an experiment. The function model only provides a concise structure
around which to build knowledge of generic scientific procedures as well as specific topics. Page 17 of
34 FIGURE @)lilstaibs the teetplkid fotifotiealizattesanf acP mferm Diagrprocbssed onrttien inforknation
derived from the fypctiphedeingdiaim:siep LOsIEhs&lemeanis pfithe Praties: iaqram i defined

as follows: (a) tf{ﬁﬁobéective of the stt;d , as well as the output response (quality characteristics which
are measured d r?é B%t&?é’&?m?é%{ % 5O§ﬁ§fthe evaluation criteria and measurement methods. (b)
the control parametersééParameters which are intentionally varied in order to determine their impact
on the outputPeBisHRS LT dRg I RIABEPHPESINYS FoR IR O MFEPt RFATHERBICTAS coIdtiiF0Aictheter
is a parameter avesrd/haSehnoeninglaxalbiehtivéod esignetydtan. diectcoomiiot. Tyxenoripinabyaluesiol
control parametgifate teta iR RIRd Qvela-CangR RiIEasRIRMALRS fiyingdhgmoptimization or

robustification process.

8.1.2. Step 2 - Formulate problem by defining elements such as inputs, outputs, noise
parameters and objectives of the study, etc.

The second step in the present invention is to “Formulate Problem”, which means to formulate
problem by defining elements such as inputs, outputs, noise parameters and objectives of the
study, etc. This second step is to formulate the optimization problem by defining elements such
as input (function and process signal), outputs, noise, control parameters, quality characteristics
and objectives of the study, etc. This is to be completed by a group of engineers in a
brainstorming session. This will involves creating a description of the process and establishing
initial values for the input and output parameters of the process. The description of the system
helps to establish a baseline of equipment, materials and methods used for the process. The
concept of the system is based upon sound scientific and engineering principles, experimental
evidence. Before conducting the experiment, the knowledge of the system (product/process)
under investigation is of prime importance for identifying the factors likely to influence the

outcome.

Although function modeling is a natural representation of systems in the present invention, it is
useless unless it can support the different phases of an experiment. The function model only
provides a concise structure around which to build knowledge of generic scientific procedures as

well as specific topics.
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(c) the process control signal (Factors that modifies or adjust the process technology). (d) the product
function signal (Factors that tune the product function performance onto any desired target). (e) the
noise variables or compounded noise variables (Parameters which can influence the output
parameters but are not intentionally varied). A noise parameter is a design parameter over whose

nhom inal yalyg ke gdegignesbasmeo QH@%&%O R8EO Eoﬁ'ﬂﬁlﬁ@ﬂﬂﬁhabf\/ al q&f@&éﬁ%g:i?ﬁams&@as G eltﬁ@t by
the system requjrements r input, or the environment. There are four types of nqise variables;
Fbchody bl ot ton NSt g ot o A e s o 2
when th@%ﬁéﬁﬁﬁ@@@@@f})?@cﬁ%@%ﬁjsed as intended; e.g. environment variation, Setup conditions,
misuse and abuse, etc.; secondly, the internal noise is defined as the causes of variability are
completely itaerihal objtive sy stethewihely the sydtemitiprcoeps! prapust isjmprpdbatiotgristigs which

components varalien. RIREE R ARRAMEIRLYANRIE HuRY 0RE thd L MaiRNIAL RIGRL HIRE nYRHaHIReRIC;
thirdly, the deterirr%rt%t(i)gg noise is defined as the causes of variability are completely internal to the

system when the systeém/process/ product is in used over time; e.g. normal wear and tear over time,
buildup of impurities, Loss of materials over time, etc.; fourthly, the surrogate noise is defined as the

causes of vatAbify AR PATRRS i BARR RIFnE hish A% tBtEb M el ety o 18t drE8iRE ment
error; e.g. locatiteiandhpivte @f shenplingitrepljsatsos) cdmicthsunambnt ovesdimmes efor (Epthedoteraction

effects present in,conttel FACtYSHINGAERERAGNGE AL ARG SRUMENR HAGARODA0E IRYel i anpther
experimental fa%or (][(\)/r |tts cont(gjemitjl]on to the me@;\‘sure&d resgsPns[:e%.{)H]gan be btroadtx classm(?d Into four
main types: the TSRS AR PAYR Y SRR FORES BAFHRTTE S SN S L SRR Eity
modulus of elastitigg, &hisasibleavbluiks dvoaglths givitsrtag T, vhisatcatagilaesngth, coefficient of
thermal expansion, electricity and thermal conductivity, etc.; the second type is derived properties
parameters sticthapiochisseddoallsignahd stidnedst heatificefieatimst glepiiocaty asibtarcgy).etc.; the
third type is dimensional parameters such as roundness, width, length, diameter, angle, thickness,

parallelism, edg-iHO@ kD fyReiish S NMRIA PafamRials sieh@suaPRishierRtmanteiento any

temperature, an&téistiar%td%(ragés&re and humidity, applied voltage and
(e) the noise variables or compounded noise variables (Parameters which can influence the
output parameters but are not intentionally varied). A noise parameter is a design
parameter over whose nominal value the designer has no direct control. The nominal
values of noise parameters are set by the system requirements, user input, or the
environment. There are four types of noise variables; firstly, the external noise is defined

as the causes of variability are completely external to the system when the
system/process/product is used as intended; e.g. environment variation, Setup conditions,
misuse and abuse, etc.; secondly, the internal noise is defined as the causes of variability
are completely internal to the system when the system/ process/ product is in production;
e.g. components variation, process parameter variation, process drift, material properties
variation, etc.; thirdly, the deterioration noise is defined as the causes of variability are
completely internal to the system when the system/process/ product is in used over time;
e.g. normal wear and tear over time, buildup of impurities, Loss of materials over time,
etc.; fourthly, the surrogate noise is defined as the causes of variability due to measurable
variations, similar to experimental error, but not measurement error; e.g. location and

time of sampling, replication of measurement over time, etc.

(f) the interaction effects present in control factors (The dependence of one experimental
factor on the level of another experimental factor for its contribution to the measured

response.) can be broadly classified into four main types; the first type is material
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ampere, etc. (g) the held-constant factor (held-constant factors are controllable factors whose effects
are not of interest in the experiment). (h) the nuisance factors (Nuisance Factors are not controlled,
and are not of primary interest in the experiment). (i) the gage repeatability and reproducibility
analysis to ensure precision of measurement FIGURE 7 illustrates the checklist and template for

robust design plfﬁiﬂs‘etrﬁm ﬁavaﬁtiﬂ:@éi%ﬂc@bigcéﬁé%ﬁ?ésa%@tiﬂelﬁdmﬂm Grroplizafenvkar and bulk

Problem- Dlagram URE %P” straes the assi nt f|n t parameters late o, be used to
help in the formaf)z ion ofa l)[JgjflegrfnflaDz%ttrrn:f%:fn 5{??1 Su ggme?e%gﬁg?he frﬂ?[())rs% Rglneef can

control and speéiﬁﬁtﬁcae/ﬁr?éldhéb@ﬁnﬁ%uﬁpaémsmaﬁoﬁtéf, séltepcﬁ?ﬁg%r SagsHAng tHESGhiBEOBE! tRs
customer. The gnginegsmsisiidadingltivedsestingsforgie ffange blwensdafle deaotyrelangithbrgvehnot each

of the input parametgf FiGY 1é"&5§ﬁ@1tﬁﬁﬁ?ﬁg§§£{%?£?semc%f POISERARMEIRAS [RH tﬁlﬁ%’?ePsed

to help in the formalization of a Problem-Dia he noise parameters is any source of variability

that is external 28&iSe f&f&h%ﬁéﬁs@ewﬂghém.f‘dﬁm@ﬁﬁ%ﬁ%éa@euﬁ.t%vmﬁ%%bﬁﬂgﬂgmﬂfé&gchfas
deterioration whiphlibé leadineebican ot pontuot cardiffectilptessartold Thiemehginegplred stodiefinenthe
settings for the raRQg. thg Scale factor, and the level of each of the noise parameter FIGURE 10
illustrates the a55|gnment of output responses template to be used to help in the formalization of a

bl
Problem-Di Of tE\% ?8&%&% z@ﬁgtﬁfr%%ﬁ‘?ﬁﬂ‘c%e eelte%%%‘t{r&ll%’lté"‘ﬂ% A/RBIANEXPRIment is

run at each | ctors un er nd it can er continuous (quantitative) variables or
discrete (quahta‘?ﬂfe‘) fakapIE Y thee BRGNS must define the settings for the computatlonal method,
the noise per signal and replicate per noise, of each of the output responses. Page 19 of 34 8.1.3.
Step 3 - Selébl wm@déammf@pmy@m’hm@r@ alivestiec faptihendisjdedivens svel rrmdratenane idtsigh for
experiment andiitsiwaerksdiagénf)ne third step in the present invention is to "Generate Design”, which
means to select a model and a design that are suitable for the objectives and generate the design for

experiment afyd its Werkshesls RESININGANGREH GRITLDES RISTRNbIBUSIHOST IRYQLeH B Selection

of the most

FIGURE 7 illustrates the checklist and template for robust design project and investigation

objectives used to help in the formalization of a Problem-Diagram.

FIGURE 8 illustrates the assignment of input parameters template to be used to help in the
formalization of a Problem-Diagram. The input parameters is the factors the engineer can
control and specify to define the optimum combination of set points for satisfying the voice of
the customer. The engineer must define the settings for the range, the scale factor, and the level

of each of the input parameter

FIGURE 9 illustrates the assignment of noise parameters template to be used to help in the
formalization of a Problem-Diagram. The noise parameters is any source of variability that is
external to the product such as environmental effects, unit-to-unit variability or effects of
deterioration which the engineer cannot control or difficult to control. The engineer must define

the settings for the range, the scale factor, and the level of each of the noise parameter

FIGURE 10 illustrates the assignment of output responses template to be used to help in the
formalization of a Problem-Diagram. The output response is the performance measure obtained
when an experiment is run at each level of the factors under study, and it can be either
continuous (quantitative) variables or discrete (qualitative) variables. The engineer must define
the settings for the computational method, the noise per signal and replicate per noise, of each of

the output responses.
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efficient experimental designs and the construction of the resulting experimental layout. This can be
done using the wizard-based graphical user interface for planning and setting up the experiment. The
knowledge based in the present invention provides a wide range of robust experimental designs
templates and protocols. FIGURE 11 illustrates the embedded knowledge-based system of the

present igVEBLiOSkely TORRIEE @frAceRIMAIAE HRbisH dRTIdReWiemBRASGXARbBystaN il haReRRl
arrays ranging f{ﬁgn 4 gf\ﬁ I‘OrOQBéLi;';lhﬁ tcglmpl%lt%iozﬁg l§,‘)’/§tem will help the engineer to optimize robust
experimentation, answ all thePGh eV QUESHBNS. ehsUre design be balanced, statistically efficient
and economically feasible. The computerized system with it embedded knowledge base will help the
engineer ke dbertepnie iho Braseab EIyaNiersds up, et ee g8 bavhinloaretnarel trisat Autepdatically
compute aatalyieigndhdisplaythebie dquir etk relsigiavdhendogepettatizeel dystenforitxesabiedhandrigineer
to estimale, oy HIEAIAL S USRI SlaD IRAB AN DA NI RIS ARyell as

estimate the effect of each factor . independently; test model for adequacy, and adequately cover the
experimentHiiFaGIBTPEHMHALHCTRTS P Lo SORVEIFEOU QhthEsltpR EPainsp b e e hbihte a
crossed cathdgodaheansaywith imirarddontd|papticaltes¢sigratiacd or ise) ey raydssitable dor the

aChieVin%iE@rith%’@%%% £ yistheidesio ’bf@ieﬁ%ﬁﬁ_%ﬁﬁ&ﬁ E}J}Q\jfée‘é‘xzk)‘%l}iﬁbe %ﬂ/ger@%shs_@nce
the elements S“CW fil%lnput%l nals, Ouﬁ%m respgnses, noise factors, control parameters are defined, a
crossed Sﬁ%%érgﬁ% Parraywith InREr (con r%ﬁf and Suter (noise) array suitable for the objectives need to
be selected and the experiments worksheet generated and printed out for the engineer to conduct the
experimeiiHéier khell g@&%ﬁﬁ]mdffﬁge@%ls@gﬁéo@sﬁeﬁﬁ%&ﬁa@apgp@eengesa%&ewﬁ%%ylfhe
number aositsadfactonspdetd thieuspdeshtnelicd avdlsxpagey2@offdd @thepoBidprday Candugt rom
Simulate )&1§¥R§ARENt run according to the worksheet and enter experiment results. The fourth step
in the present invention is to "Conduct Experiment”, which means to conduct or simulate the

experim cording to warksheet and enter experi t results, Thi I tep.is t
Conuct A/ B R L e ST U DB AP

results intBetHYICSHSuBIFPEASy stBRHTIndpiigatdys, Balacredingidteticafe irhiarient and economically

feasible. The computerized system with it embedded knowledge base will help the engineer to

decide which robust design to set up, how data are to be collected and then automatically

compute, analyze and display the required results.

The computerized system will enable the engineer to estimate the experimental errors; identify
significant factors; estimate model parameters, as well as estimate the effect of each factor
independently; test model for adequacy, and adequately cover the experimental region of
interest. This third step involves using the computerized system to generate a crossed orthogonal
array with inner (control) and outer (signal and/or noise) array suitable for achieving the
objectives, and print out the design for experiment and its experiment worksheet. Once the
elements such as input signals, output responses, noise factors, control parameters are defined, a
crossed orthogonal array with inner (control) and outer (noise) array suitable for the objectives
need to be selected and the experiments worksheet generated and printed out for the engineer to
conduct the experiment as per the level combinations. The size of the experimental space is

determined by the number of control factors and the span of their levels.
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involves execution of the experiment as developed in the planning and design stages The following
preparation and coordination are necessary to insure that the experiment is conducted according to
the plan as designed by the computerized system: (a) A well documented plan and clear instructions
and schedule to guide the progress of the experiment to all those who assist with the experiment must
be provideg.4(b)degyalence nriaoskoSizt RRENG EXRAEMIARI Hala st MipipIdnaie Syik ar@dragy of
the data and its trfalceabilip( to etxlperiipental conditions. (c) It is necessary that all the experiments be
conducted accordiiy PORRE BXpeliments. worksheet as per the level combinations. The interaction
columns and dummy variable columns shall not be considered for conducting the experiment, but are
needed WiitefoxiiIiAdRHRC IR Y dneaiioars heGrrdegtidrrerfarant? helighonerasho seaduster
study is siatethdahnneigreemcinexpeitoeding he secpreliksiratedfofitsarepessasitiat fatte XBaythogrthe
experiment,smagbldiiih.edeash.ilonand ndie snriesl ampnt o iime ORIGTal ik (o

consider these aspects of conducting an experiment can lead to effoneous measurements, biased

results, oPEEEhISals Sitan the 1o8mBiprRedogYsisite tRetBRpsismertarusinecticuBRetididical
results amavgbreratecgraphidatioutpyteriinerfiftis sepelophé pregenplavemgonnd Wes@onspgiess Rdsults”,
which megnseneosRpAiaibe Jsallesied xRarimental dald fromssieriaundhepcalcuiate dheiatatistical
results and %e(Peratte hhe gra h&cal ree%cgts The comguterize system of the present invention will
acgording o% e plan cRlgn %ne comgl{t 1‘1268 5 % : : ,
automatically compute " the calculations and convert raw data mté meaningful information and
knowledge for the engineer to do analysis. In the present invention, since each robust engineering
experiment @ 1 SeHARBITSAIOT AR RIFAE IS TGRSR S Ecfirenbe B bt g hEaRIaS e SP dB2 1 of
34 (a) Computecthyeemahtdis Of Mesm(ANGCHA) stabishicsysingitne ouspbie padwadetor the corresponding
level settings (either static or dynamic optimization method). (b) Generate the factorial effect table

using the ANOMDERIIbPrAcMSIREI(RY (@ithetistaticperidynamiaentimirakRrinnathad) a@ubies tiethe
factorial effect chgrt using the IagioNAL RligeHiaRIGres atighstep () (either

(c) It is necessary that all the experiments be conducted according to the experiments
worksheet as per the level combinations. The interaction columns and dummy variable
columns shall not be considered for conducting the experiment, but are needed while
analyzing the data to understand the interaction effect. The output response under study

is noted down for each experiment.

These preliminary efforts are essential for executing the experiment smoothly, with the least
effort and in the shortest amount of time. Therefore, failure to consider these aspects of
conducting an experiment can lead to erroneous measurements, biased results, or even to no data
at all.

8.1.5. Step 5 - Compute the experimental data, calculate statistical results and generate
graphical output.

The fifth step in the present invention is to “Compute Results”, which means to compute the
collected experimental data from step four, then calculate the statistical results and generate the
graphical reports. The computerized system of the present invention will automatically compute
the calculations and convert raw data into meaningful information and knowledge for the
engineer to do analysis. In the present invention, since each robust engineering experiment run is

a combination of different factor levels, the sequence of computation is:
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static or dynamic optimization method). (d) Plot the significant effect 2D chart using the factorial effect
table from prior step (b) (either static or dynamic optimization method). (e) Plot the significant effect
3D chart using the factorial effect table from prior step (b) (either static or dynamic optimization
method). (f) Compute Analysis of variance (ANOVA) statistics using the output values for the
corresponding) le\sghseltings (REARARIAIC Pty NRNORDLiIKIAATRD MetBote SdthurStanés- Hpahee
and interpret stact(i%iecsal a 9ngi@§ icszésgtltoutspcetlalte? dtggg:rg}ige tglr%icn(e)l Eir\r/l?zetflfectn%rﬁglot e relative
importance of vanoug factors. The Sixiist pin the prese vention is E%om}&nalyze elationship”,
which means to analyze and interpret statistical and graphical outputs to determine the relative effect
and the relafi0& GRRSEH RN BFATHOEEREEIGR S i8S fih StE0 M {50 a6 Sr (PhRHRSE i diistical
and graphical alputs gepterarat dfnrometted) five, so as to determine the relative effect and the relative
importance of various parameters. This step involves the interpretation of the experimental results
using numericalrasotiap icalrinetrads. dmthapngseot feritibeffdte abalysisinshaasesi¢berpsimation of
the most significs%}cf%gtg %&%ecgéitﬂgi%%%pm&%yels for those factors, understanding the nature

and degree of variation In the process, and computing a prediction of the expected results at the
recommended factor settings. The com rized syste wi(kl rovide the tahylation of experimepntal
esults 5o tUVEL Gl AT L E s SC BN o REHoF U L R oS (R
various factors. (Bthemnhfidmg dyaataipdmifé ahalgdiedf mean (ANOM), the sensitivity and analysis
of variance (ANOVA), the engineer can analyze the relationship and decide which independent factor
dominates ower Rithtethandghiné ercefitag & Doctinib utkomeofhih di pariat uéicindeplentlent praviatitg. Myiring
analysis the actyaliRxRefPePRIasH S Aesehymetesized before the experiment should be
compared. Sometimes new theories will be required to explain the Page 22 of 34 experimental results,
or that additi experimentation will be.needigt ess. unanswered, questions. In sum, t
activtios inve R TS S O S A N SN Rl
by using the an &%@W@&HW@N@W?:‘%S (either static or dynamic optimization method).

8.1.6. Step 6 - Analyze and interpret statistical and graphical outputs to determine the

relative effect and the relative importance of various factors.

The sixth step in the present invention is to “Analyze Relationship”, which means to analyze and
interpret statistical and graphical outputs to determine the relative effect and the relative
importance of various factors. This sixth step is to analyze and interpret the statistical and
graphical outputs generated from step five, so as to determine the relative effect and the relative
importance of various parameters. This step involves the interpretation of the experimental
results using numerical or graphical methods. In the present invention, the analysis includes
determination of the most significant factors, selecting the optimal levels for those factors,
understanding the nature and degree of variation in the process, and computing a prediction of

the expected results at the recommended factor settings.

The computerized system will provide the tabulation of experimental results so that the
summarized data can be easily analyzed to determine the relative effect of the various factors.
By analyzing the data from the analysis of mean (ANOM), the sensitivity and analysis of
variance (ANOVA), the engineer can analyze the relationship and decide which independent
factor dominates over other and the percentage contribution of that particular independent
variable. During analysis the actual experimental results with those hypothesized before the

experiment should be compared. Sometimes new theories will be required to explain the
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method to determine the effects of the various design parameters on the overall product response to
compute the expected performance and determine the optimum condition. (b) Estimate error variance
and determine the relative importance of various factors using the analysis of variance (ANOVA)
method. Pool factors and interaction together that are not significant and to determine if interaction is
present angiaisigniicantitéCloriudy lagiesinfl epses anstdaterming thedspiovamesy usingwdl.and 3D
graphical Bleost[? as well as sensitivity analysis to determine what factor levels maximize the signal-to-
noise ratio ancPBy' how much and which factors affect the mean and/or have little effect on the
signal-to-noise ratio, etc, 8.1.7. Step 7 - Optimize and adjust system sensitivity and performance to
meet ottt dBRARBHLSEIRAIVES Prile SERHh s V4 HRESE invention is to "Optimize
System", which means to optimize and adjust system sensitivity and performance to meet optimum
conditions/objeclivaly T Hixesdeianfrrstepaisito Smpmmensh Py djtisetics yatdrpiseismony 4A8OM)
performance to fmagbopdiretsintaadidostséonjettiie s/ hasad dasifiepkrondedgergained frampstepaix. In
the present inventi imization.inyol ination af the arame . (;Hch will
best meet the %%g%hfgj%%ﬁsﬂ gﬂﬁe@ % g%ge]r%%éﬁg{%ﬁgggr%{%gﬁg%gtﬁglﬁs are é@g%ﬁ/s ed for
each critical meter. Then, the source qf variations ar?und these target values is determined to
nelp. maintalt roBUSER B RRA Y, SRR oR Ul e izh YRS AR p Bkneters
to understand thberfxdlpsisfofanaoas (AN \s)s taihahP prd dastoinvadtinicsrabprdaepthershetare
optimization recbtescainidnben@fcdperinanidingyelasotoioptiiaeadystagifitmceycles will progress
through three stages, exploring the nature of system parameters at an increasing level of detail at

each stage. (iR MicAEend RITHAALNI AR RERRGNLIOUE MO A R @E'%Fﬁiﬂ%laﬁo@ﬁ

screening stage whére experimentation involves taking a rough look at a large. number of variables in
ordor 1o, detorm e b2 SETBIL M Habl o R A L BEL ) oM TGS e AR oRLsed
stage where experinmeitatiod by blvesniockiagdavtadefagtriabidscintheonsaetail iorakaive ditlggdtod of 34
screening expermetsthird-sysisise madetiag/simulation stage where experimentation involves
developing precise mathematical models of the process which can be used to accurately predict

8.1.7. Step 7 - Optimize and adjust system sensitivity and performance to meet optimum
conditions/objectives.

The seventh step in the present invention is to “Optimize System”, which means to optimize and
adjust system sensitivity and performance to meet optimum conditions/objectives. This seventh
step is to optimize and adjust the system sensitivity and performance to meet optimum
conditions/objectives based on the knowledge gained from step six. In the present invention,
system optimization involves the determination of the parameters, which will best meet the
overall objectives of the system. First, the optimum target values are established for each critical
parameter. Then, the source of variations around these target values is determined to help
maintain robust performance. The present invention is used to establish the optimum parameters

to understand the nature of variations in the system.

The present invention’s approach to system optimization requires a number of experimental
cycles to optimize a system. The cycles will progress through three stages, exploring the nature
of system parameters at an increasing level of detail at each stage. The three stages of system
optimization in the present invention are classified as, first screening stage where
experimentation involves taking a rough look at a large number of variables in order to
determine those variables which have a significant effect on system results; second focused

stage where experimentation involves looking at fewer variables in more detail than in a
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process results under various conditions. For the smaller-the-better and larger-the-better and the
operating window static problems, there is no adjustment factor, and the two-step optimization
approach is not applied. The mean and the variance are minimized simultaneously. For the
nominal-the-best and dynamic problems, the two-step optimization approach is applied. First, the

SenSitiVit){cﬁQéiﬂh%eéﬁﬂéﬂiﬂJﬁﬂiedu@e@@@n HhedeBHOEMANERIS %@%@H&?et@k@%hrﬁaﬁatwﬁrﬁtﬁi@lves
optimizati 100 ¢ gﬁroacté Cresguwe%hpn% t(%é%fSlfl%ailonfq the cgerg'grt\%l] alilamelijers int Of%té(r: % &33 asai%tt\own
as follows® a? fActors ave as ong effec e S|gnaF o-noise Tatio shou Stheir level
chosen t@@ﬁﬁ?ﬁi&%%ﬁ%@ﬁ%‘t’&@%l&%@n@’ﬂ@ntb) The factors that have a weak effect on the
signal-to-noise ratio and a strong effect on the mean value of the quality characteristic can be used for

tuning. Iffetbdsmelbudhddetorr dnislpassitie-tetickadfdotampgratihasvandtrangagifguobletie thean and

the signajstRonRIRR LRI f6dof N dasors dhat hayemi yieak HHH@&&?@HJ@%})I&% SigRaANNAIgeHALI0

and the q}uallt characteristic 35 well as excfes tun factors splo%l Pe saet to m|n|m|z cost or used
%{(}:e are 1IN1IM1ZC SlmlL us % (? no 1na1 t an l’nIC Ii[l ]t[{
to optlmlze other performance consi era 1ong amean and S|gn ook p 0iS©

control faetersiethersimizril bApRIORE A %Pbﬁéeﬁlfﬁgstb?esmﬁ’éﬁﬁmwﬂBWo@rf@tﬁﬂﬁ@% ﬁmyéts of

Means (ANQMotheeftestsaffeacthecantesl factor setting can be determined, and thus a prediction can
be made about the system response under the combination of the optimal control factor settings.

8.1.8. Ste,8 f%%t%t%tf&@?ﬁf&?'ﬁ%ﬁfa@?I‘BBH{}E@HQM&%}E%%W SraRpimae D LxReriReRto The
eighth st% in the res nt inve fi%’ls to "Perform Verification", which means to verify the repeatability

of the op r%% g‘Wit?‘F Nfifmation experiment. Thls eighth step is used in the present
invention to verify the repeatability of the optimization results, and to ensure that the measured
responses wélel5t GO 3t BRpRAmErRS| Fifst. qehysiryahio woma drtocititbhe s e by the
matrix experimetitssco tindpech g ehthegndiested senptovement). The Page 24 of 34 optimum setting is
a unique set of parameter combinations within the experimental space (not

(b) The factors that have a weak effect on the signal-to-noise ratio and a strong effect on the
mean value of the quality characteristic can be used for tuning. If there is no such factor,
it is possible to pick a factor that has a strong effect on the mean and the signal-to-noise
ratio.

(c) The factors that have a weak influence on both the signal-to-noise ratio and the quality
characteristic as well as excess tuning factors should be set to minimize cost or used to

optimize other performance considerations.

Based on the mean and signal-to-noise plots of the control factors, the optimal control factor
level settings are determined. By performing an Analysis of Means (ANOM), the effect of each
control factor setting can be determined, and thus a prediction can be made about the system

response under the combination of the optimal control factor settings.

8.1.8. Step 8 - Verify the repeatability of the optimization results with a confirmation

experiment.

The eighth step in the present invention is to “Perform Verification”, which means to verify the
repeatability of the optimization results with a confirmation experiment. This eighth step is used
in the present invention to verify the repeatability of the optimization results, and to ensure that
the measured responses were not a result of experimental error. (i.e. verify the optimum

conditions suggested by the matrix experiments do indeed give the projected improvement). The
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one of the experimental trials used). The verification procedure is run twice, once for the optimum
control factor settings, and to repeat/replicate one of the main experiment runs. There are four
possible outcomes of the verification test which can be categorize as follows: (a) The first possible
outcome is classified as "High Repeatability”, which means that the optimum conditions yield a result
that matctpihsupedieiegl Feaulhi Jhe JQRICAIRSm IR UMBHatRsHILABRTIRICH Huei el st
result. (0}, [he,segond bossibie puicome. iy claselfied g how Repeaiablitg, which means hat the
optimum conditions Yi ds a resul i?iat do Hot match e prediglfedﬁresultl. Similarly, the replicated
experimetifas sestns fsieraistings nandriateeP BIE etisrexpRsiniche resiltcxBetBSHH Bresoffisyahe
same amgdibuf piss§itdblant isngs walcdugificaionifosmwaidfl tantbe dadaotithasefoleststo a change in
the mean. Although the optimum setting has been correctly identified, some significant factor has

changed andgs Eg0 R e iRelfld eidimassibiamaupesiiaseifietian HRags Reperiabilty
Due to Experlmenttf';ll IrEnrror" ltrinch mle?zgsathrat tll}e é%gprrrlryarpﬁ:o |t|orn3i¥%e a re&ul{rhhatrdchesa tngt
match the pred?&ercil}rlesu(ff). imitarly, the repﬁ_fq’:lé e expe_rlr%en yieids Testits that alst do ot match
the initial experigreptiresifitcatabotmetaly thy uiffalerparipemritscsilis problem is usually due to
measurement problems or nuisances. E.g. instrument error, poor experimental technique,
mathematicabinidtakesoia gasildeuipment, midasaidi ahba, ‘thyyydperbptabtligdntsdli éactors sothpotre
commu_nlcatlon.qgg{)&m% W&ﬁi@%%lﬁs‘%ﬁ%@ﬂ?@ﬂﬁ?lﬁ?ﬁg@ﬁ;ﬁéﬁ' BEPRARIITY BHSi19Nthe _
Interaction”, Whlcq.mea(rs that the o;tl@um i%]%dtg%nifne d a result th tdoets Eot match the grrdlcted
result. However the PUpliCARSG BRBEARER VR YRR #ral AR thE TifAf e SPRHHERY AEstilt: This
problem is usualytderthiee stfbhy theesamgormbanthddisarpelem escasnimbodwette muiderpshidtent, and
interactions are ensiderediiahpdaosignifigasy e the sicanlyantisagcentasiarmuhtRennesifieatiorof the
observed and the projected riments. match, the suggested optimum, conditions will he adopted.
Othervise, the MU oL o g B I P IR Ve actons
nclude: (@) FindiRg BEF el ShRrase R R B R RNRR ) SIS SRS mEiEon v

Error”, which means that the optimum conditions yield a result that does not match the

predicted result. Similarly, the replicated experiment yields results that also do not match

the initial experiment result. And both vary by different amounts. This problem is usually

due to measurement problems or nuisances. E.g. instrument error, poor experimental

technique, mathematical mistakes, broken equipment, misread data, improperly set

control factors, or poor communication.

(d) The fourth possible outcome is classified as “Poor Repeatability Due to an Interaction”,
which means that the optimum conditions yield a result that does not match the predicted
result. However, the replicated experiment yields a result that match the initial
experiment result. This problem is usually due to a strong interaction that has not been
examined in the main experiment, and interactions are considered to be too significant to

be simply nuisance factors.

If the verification of the observed and the projected experiments match, the suggested optimum
conditions will be adopted. Otherwise, the additive model underlying the matrix experiment has

failed, and the corrective actions include:
(a) Finding better quality characteristics or signal-to-noise ratios.
(b) More experimentation to isolate factors.

(c) Further investigation of noise factors.
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(c) Further investigation of noise factors. Page 25 of 34 (d) Finding different control factors and levels.
(e) Selecting different signal-to-noise ratio using physics and engineering concepts. (f) Considering
interactions among the control factors. (g) Considering additivity grouping of the control factors.
Engineer can use the knowledge gained from the present invention experiment to improve system

robustness. (d)erpigsentiiRventiothexPesinentadreselts may be used to develop more robust system
limits, to modify how certain steps of the system are performed, or to choose the best materials and

equipment. AQvhanggsitrlie.SYiemsalwikirauie hARIRS Ip e AQsHpEBiRipR that supports
the system. A'new andimproved robust system baseline may be established, which requires that
characteriza&in(#)e C mplete fortthe new ba eIine.tWIit a better understanding of system variations,
a positive contro %I}?:lln Cairne CSEISHE P control the Vanation of all inputs to the system. After
optimization, the engineer is in.a hetter position to apply an effective control program to the system.
8.2. The corhPlLfeMidrapeaddisyihegseaatig HhvBAHEORIR, #ri%Bteferred embodiment the computerized
system is primarily programmed in Visual C++, running on any Windows Operation System. However,
the presdrtgiigsaticin dzs Bbe isiensegteBainutHepprobeaphientny Iareiiige s vdigiese fASIMPOYesent
inventionsggeAMpdasesssiogrtheicystih theeaighi-sigrrnathadelagidessribedisodhe Pestsy imveation,

a vizard gefl apnYoRlsEr ATose NS izalan of Auobush expermeil s ngulogoe

base, automated computationa s for robust engineering, an roject data storage system.

The compeitbrrEerisand Fe8 R eRisy BYuSBRESar i dhety By Hee f andl thealisikeigends the
unlimiteddoclunensagind thavssiymkbris e idgstaepetitiens hriddarparaté dobitkt agseon bastddutigrbdar

provides Quigk areessHR AreayBRLMENYdUISIRES A 5E 60 BAMISFARd BY SRS NG IOWRGI RIS
imports data from.commgon spreadsheet format (Lotus,.Excel, etg.lg&andA Cll dﬁ%ﬂ%‘ﬁ%g files. Th

a .
computecliﬁgﬁréi}”’s‘l@i'ﬂ%‘é‘é“& F%éﬁ&%ﬁéﬂﬁ%?%seﬁrﬁi%sgg%"&&féo AP &l 1—°¢ Waﬁ‘&?ﬁﬁ%F
moving sthnahfadton ehaisiniprsshtbxpesionamdiariasimizetsonribaterizagesysiorn bstignposisidmioh

robust engipsenngiwiciianinal proyidesiomayigmatic generation of the most efficient experimental
design using an embedded knowledge-based system.

8.2. The computerized system of the present invention.

In the preferred embodiment the computerized system is primarily programmed in Visual C++,
running on any Windows Operation System. However, the present invention can be
implemented in other programming languages and systems. The present invention encompasses,
together with the eight-step methodology described in the present invention, a wizard-based
graphical user interface, the utilization of a robust experimental design knowledge base,

automated computational algorithms for robust engineering, and a project data storage system.

The computerized system has an easy to use wizard-driven interface, and the worksheet has
unlimited columns and rows (with unlimited repetitions), incorporated with an icon based button
bar provides quick access to frequent menu functions. The computerized system is invented to
permits imports data from common spreadsheet format (Lotus, Excel, etc.) and ASCII delimited
files. The computerized system has a worksheet editor permits easy data entry and is capable of
handling moving signal factor levels through experimental trials. The computerized system is
invented with robust engineering function that provides for automatic generation of the most

efficient experimental design using an embedded knowledge-based system.

The computerized system is invented to provide for user-defined arrays for developing

specialized, efficient, experimental designs with on-line experiment planning and design help.
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The computerized system is invented to provide for user-defined arrays for developing specialized,
efficient, experimental designs with on-line experiment planning and design help. Page 26 of 34 The
computerized system also provides for various cases of analysis with fully automatic standard and
signal-to-noise ratio to original units transformation for static and dynamic characteristic analysis
which incudes (aipRinaRicGHaiRGIRYS RS (der opointRIepeiienal Lanalon, RRferengentimtatic
proportional, edation. neAreqation ouble Siansley, and o Stafis.charactaisics, gy namic
(Small-the-better, arge%?ﬁe-%& er, Nomina -thes est, Non- dynamic operaﬂng WlndOW(}. 4 e
computeﬁE@@“é?@ﬁéﬁ%ﬁW@n‘téﬂc%FﬂﬂFB&%i analysis function to provide for automatic calculation of
performance statistics, such as signal-to-noise ratio, raw data mean (non- dynamic), and linear
coefficient afa deysitivity(lchyaeimris)joeshonge taipecipriavel] averdyes R stieotieepand potomatic]

pooling and varigpee GMRRRAE L SitNaonL 18 WiyRALY, aRd components analysis of variance, high/low
table shows level averages in ascending orders and the difference between maximums and

minimums a pradiction.: pti INg .C conditians, T m rizad sy: is;iqvented
with graphicg?\jtveg'élﬁ%r}l?qu@g‘%%%%%?]{%g %%}\ﬁ%d}zrﬁeraé%%? g%‘lgﬁg E}gpﬁgtyg%gndwp%rﬁltﬁl%dﬁé, g‘%eé%lsﬁg(rggph,
interaction grapHYRYBIRQRFRIRLIENSduals graph, prediction graph, contour plots, 3-D graphics,
etc. It also provides dual response graph displays for signal-to-noise ratios and linear coefficients help
to analyz&hhecempainitzachavaisaristidsy THedcotib uderiz abadysite iiedtorpovigies idte iespoieseatitbles
and highdewuiabilas de makeanalysisiasplinizion easiarl-ti-aaRalsaidispiay dptho fesingi@aphs on

one screqp, fof i eASy, GATRAr i§8é‘rﬁfé%rie‘?1i?8¥?&’ SISy 2@&8@?@8@@%@9%@% %%HQV%?%” Hoes

previewed, printed to printer or In portrait or lan is a flowchart explainmg’the
flow of el MM S RIN R AN 1 B5eC BRI 58 T O BN e RO S RIAP SR
present inngiytisoRiG1dRE, T3ghAxenyditieh encollteraeges ineaadodisglentinrg anpuhf@oifitrotce

parametejs AtaymaRHASSIINA Al MATRDIR SO IR0 S HANIPR AR IS REIREUCRL IRRRRRT ON the

total number of degrees of freedom (determine the minimum number of experiments to be conducted)
and the rﬂjlmber of {'ndeéadegd%nt variableste%n\cjv i'&‘lmeeBOf fat%t%r levels for acr} ind%Q]%\ed§nt v ri?ble.

The ¢ computerized system 1s 1nven graphical téchniques™ function to pr: or colo
graphic display and printing of effects graph, interaction graph, coefficients table, residuals
graph, prediction graph, contour plots, 3-D graphics, etc. It also provides dual response graph
displays for signal-to-noise ratios and linear coefficients help to analyze the dynamic
characteristics. The computerized system also provides the response tables and high/low tables
to make analysis for optimization easier. It can also display up to four graphs on one screen for
easy comparison, or display one graph on one screen, and the graphs can be previewed, printed

to printer or file in portrait or landscape.

FIGURE 12 is a flowchart explaining the flow of entire computerized system according to the

eight steps methodology embodiment of the present invention.

FIGURE 13A exemplifies a computerized screen for selecting input (Control) parameters array
and assigning of variables to inner (Control) array; the selection is based on the total number of
degrees of freedom (determine the minimum number of experiments to be conducted) and the
number of independent variables and number of factor levels for each independent variable. The
assignment order in which the independent variables are assigned to the inner array column is
very essential. In case of mixed level variables and interaction between variables, the variables

are to be assigned at right columns as stipulated by the orthogonal array.

FIGURE 13B exemplifies a computerized screen for selecting outer (signal and/or noise) array
and assigning of variables to outer (noise) array; the selection is based on the number of either

some compounded signal and/or noise factors. The compounding of noise factors is used when
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assignment order in which the independent variables are assigned to the inner array column is very
essential. In case of mixed level variables and interaction between variables, the variables are to be
assigned at right columns as stipulated by the orthogonal array. FIGURE 13B exemplifies a
computerized screen for selecting outer (signal and/or noise) array and assigning of variables to outer
(noise) afraYndhe sRiRftieNR hasedensthe numbandtiRithes,sane ¢rroprvmded sitiasand/ abReise
factors. Tthe compoun irgg of noise 1 qtprs is used when .Page .27 of §4 thed”utc))lis factor levels are

. factors interac hO 1S Jie%ulreﬁf e noise factors make randpmiza IOP altl OCKIN nnecessara .
expensive to run and the analysis of the control parameters and noise tactors mteractions Is required.

The noisB¥aeYangRad aFiEaY then Al 8ekiny teraudyasconiiedHoy Brangodgpnedices when
noises are not thoroughly accounted for in an experiment. FIGURE 13C exemplifies a computerized
screen forl@dsRining the-uiplufiRes ponspsichedassigamént ofdigniogtphe rEsporisBssponists; the
sometimegssiefende: a3 the Uiy chHMALeIRIcS) K hasedonr theisharariefisicy ofdhReRPeRSRS
(either st%tic qr drm mics t(% ether W}Ih[ the comput 'ogal m[ethod n isenPer si%nal as Wel[lhaalthe
ased o %I (_S(Eﬁ)yé 0 1f er, static_ ot ynd dcs&ee%e]ther W1 €

|
. EICS ]il . TESponses (€
replicate pernoise exemplifies an example of a‘computerized's or viewing and

displayingorabiiat erdimetnsg (Hpreparidcoatas) wethys thpecplsateirgiragisand type of design as well as
the array layout are displayed. FIGURE 14 exemplifies an example of a computerized screen for
displayinglfobRstl E3pecimmpidiciesigriaygle inforncatign@ndedorkishe eforTheworp puté riigd system
uses a CRINRINaHEA QLAY i{i‘fﬁ%r@&d“%&éré?ﬁéﬁf‘@h@r{y%‘ét%f slapabandypeisekatay awiieh allays

each experiment combipation qf the inner array to be run at two or more combinations of the signals
factors. THET é?%%ﬁtfﬁf)p 5§ does not change regardless whether the experiment is a static or
dynamic characteristics type. The outer (signal and noise) array is changed to accommodate both the
signal fadt8r&Rkd 4 betreBljssusd noieBpiett. FIcUReszseriRfBs B edispiprings gobust
computerizpelsoceaih fdesentetayguhenferfoamancadneaduterte it datao s tisrithel datstentrysscraen for

the robu%o%ﬂ%h‘%%ﬂ&aﬁoiﬁﬁérg&ﬁgéf)aa?{% crieriedEites Y SondyRUNG AL SIMEHRENE cach
experiment or b obtalnhnk% the fg.t%throu%zh some historical data and using néeural neiwork.to edict

the expefiMREHAFARSSERIFHENIN, PREUKEME LI R AY e 4MmSKs SPRRBHINIEAL & SEFB4K for
computingdtease Aherinrent(cesnily; ahikyidootvess chamgatingatiddeexpdréthenth¢ darsrcatotlste thaic
statisticabregitsid@haracteristics type. The outer (signal and noise) array is changed to accommodate

both the signal factors and a set of compound noise factors.

FIGURE 15 exemplifies an example of a computerized screen for entering the performance
measurement data; this is the data entry screen for the robust engineering project. The data are
collected either by conducting or simulating the experiment or by obtaining the data through

some historical data and using neural network to predict the experimental data and results.

FIGURE 16 exemplifies an example of a computerized screen for computing the experiment
results; this involves computing the experimental data, calculate the statistical results and
generate the graphical reports. The computerized system will automatically compute the analysis
of mean (ANOM) statistics, generate the factorial effect table, plot the factorial effect chart as
well as the significant effect 2D/3D chart and compute analysis of variance (ANOVA) statistics,

etc.

FIGURE 17A exemplifies an example of a computerized screen of a Problem-Diagram for
performing experiment analysis; this provide the formalization of the design summary of the

scientific project which is derived from the function modeling of problem formulation.

FIGURE 17B exemplifies an example of a computerized screen of a data plot for performing

experiment analysis; this provides an insight into the behavior of the data.
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generate the graphical reports. The computerized system will automatically compute the analysis of
mean (ANOM) statistics, generate the factorial effect table, plot the factorial effect chart as well as the
significant effect 2D/3D chart and compute analysis of variance (ANOVA) statistics, etc. FIGURE 17A
exemplifies an example of a computerized screen of a Problem-Diagram for performing experiment

analysis; tiisUevide thedapnatizatioaahipr desiadsipmeraidoldhen saentificdraieetamhiebiisderived
from the funetion modeling of praniom foymulstion, FIGURE 1 (8 exemplifies,an sxprpple,of gy,
computefized Streen of a data plot for performing . experiment analysis, %ﬂls pfovides an Insight into

the behalideRdrnt destop adenppagrs3gveIcUier e BreResNTRIaSe Ririosf afcBidpusHselar

screen ofalépetaidat effiegbitable for performing experiment analysis; this is used to analyze the
relationship and decide which independent factor dominates over other and the percentage

contributipm@jg@aq ?Br@'ﬁ@fﬁﬁliﬁ&eﬁﬁ%ﬁ{p\@r@b&%rﬁ et dlz&e%ﬁecﬁ_‘ﬂ&” IBHARRIRIR S for
computerizeg screen o adiaphigal techmiue for dispiaying. o-Dimemeipnal mean efiects and,
interaction ﬁc?tysrf% help in%erpré]taresﬁs; fiig graphical tec nquPe prowdes%n ap%’roacﬁ {0 stugily factor

influencegtapiticabcleehiibich Rreldgehdentaerierchonminaiedy ofestetherbisaagte pedcekeade edneibution
of that padiplardéndependaniviviailas andWetesminehehpdrogiage mentribifabiREf 1Ak gxetmplifies an

example ﬁ%@g%ng%?é%?e?%%ﬁ@epe%ﬁreaﬁgiﬁ%ﬁl)%%%?%l‘&ﬂ? for displaying 2-Dimemsional
[ o he

Signal-to-Noise ratio effects and interaction plot p Interpret results; this is used to analyze the
relationshi decide which independent factor dominates qver other and the significant of that
oanioutar TS ERIES FR B o 2 RBIRE s A Elech n B el S el of
graphicadieplaigae oY nespiyinlg Hssighifiddatsmesin efféstsadd ntteaetiom 22 Dim émkidm ansiprs to
help interpeattsegidtss thisdistisedyiscanalydeibagpdianabindenditacicapbicikindapendemitagior

dominates over othe(li alnd Ihe1 éégg{f}ﬁé_)tﬂg of tgatuﬁjaarrticdjeglﬁerni gnqpendﬁigsvariables. FIGURE 17G

...OVET OlNEr an e]§1§n tpa 1C aria . . . . ‘g
exemplifies an example of & computerized'screen of a graphical technique for displaying a significant

Signal-torﬁ\l i a{ri‘| effecta[é%interaction -Dimemsional plots to help interpret.results; this is.used to

nalyze ek oA B S A P LA @b rcRIRPHIGABF Screen of @ glaphical technique for
displaying a significant mean effect and interaction 2-Dimemsional plots to help interpret
results; this is used to analyze the relationship and decide which independent factor dominates

over other and the significant of that particular independent variables.

FIGURE 17G exemplifies an example of a computerized screen of a graphical technique for
displaying a significant Signal-to-Noise ratio effect and interaction 2-Dimemsional plots to help
interpret results; this is used to analyze the relationship and decide which independent factor

dominates over other and the significant of that particular independent variables.

FIGURE 17H exemplifies an example of a computerized screen of a graphical technique for
displaying a 3-Dimemsional surface and contour plots to help interpret results; this is used to
analyze the interactive relationship and decide which independent factor dominates over other

and the significant of that particular independent variables.

FIGURE 171 exemplifies an example of a computerized screen of an Analysis of Variance
(ANOVA) for performing experiment analysis; Analysis of variance (ANOVA) is a statistical
technique that allows the engineer to determines which control parameter is the most significant
and their relative contribution to the system. It is a parametric statistical procedure which is used
to determine if reliable differences exist among two or more sample means; e.g., an experiment

with three conditions.

FIGURE 17J exemplifies an example of a computerized screen for sensitivity analysis as well as

optimization of decisions with suggested optimal settings; this sensitivity analysis is used to
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dominates over other and the significant of that particular independent variables. FIGURE 17H
exemplifies an example of a computerized screen of a graphical technique for displaying a
3-Dimemsional surface and contour plots to help interpret results; this is used to analyze the
interactive relationship and decide which independent factor dominates over other and the significant

of that p?&%ﬁﬁh?%ﬁﬁfm&%ﬂ M@E‘l@h‘%%%ﬁ%}{cﬁésmf Laxendlifgnen ﬁi@ﬁ@lﬂi@frli&@fﬁl&@ﬁ?&iﬁ@_t
screen of an Analysis, of Varignce of performipg experiment analysis; Analysis of variance
AN A e e e S RS
the mostRyniAEQHt deeigRenFarairsscontribationcta tharegutdnicsprnse pttrasnetreist A tiesssisdedure
which is ysefdriiasleianitadfretiakiie opffeiencesndiishamong two or more sample means; e.g., an
experiment with three conditions. FIGURE 17J exemplifies an example of a computerized screen for
sensitivity gnalysis fisxwelbRECORHMIZAINR of desisians with syeaestet ontinalsRiiRgaLhiesaasitivity
analysis |t used tot P.agg 29t0f 3ﬁ" determtine Wpal;[ factc%r levels ni)aximlze thetS{N raﬂo andbby hotw
much and WRIChYactErs atect the midan and/oPave fittfe' ettt oh He SN ratio. This 1€'then t8ed to
determinédithetlgffedhe origher \aaved v asitn parianetbiirerilhencdhisragrisivdidt pospemeenssate aipute
the expegigstts pathoroirotenadiddeormineothitRplretisatondivamednte WRE b3 exesiglidiemanexample
of a compylf gisz)ed screen for printing experimental results; the computerized system has a printer
output function’'whereby experimental results can be sent directly to the printer, saved on a file or
viewed dj %%n tge screen. It is able to generate and printg data collection sheets for all conditions
of each e EnRIr SEHTRBHEOR L SAUPRI o FABHTEY S STHRE 95 ERBRYSSh Byt of a
computerdzpersesaation daapoenigtitey dod doiclete spurigaemdiorhdebubrertpeibnvaie wodsla wwrage
andkarchioftli thle tiﬁﬂlaﬁttwﬂéﬁml_&{él_vddﬁw@i&kwﬂﬁgsﬂﬁé}lﬁﬁwlﬂté&&Eﬁ@fﬁ%ﬂﬂﬂﬂﬂ)ﬁ@@ﬁé&lﬁ)ﬁﬁ@gﬁiﬂﬁiﬂgqeCt
work an owledge from beginning ,to the end so that user's knaw-how are.stored and retained, into
tack spe R e P 0 T e P S B Bt
computefAEE&EYeRATOrStiick online help function and documentation; the online help provides user
with the complete "frequently asked questions” as

FIGURE 20 exemplifies an example of a computerized screen for quick online help function and

documentation; the online help provides user with the complete “frequently asked questions™ as

well as the key concepts and foundation which are documented in an easy to use and understand

format.
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well as the key concepts and foundation which are documented in an easy to use and understand
format. Page 30 of 34 9. CLAIM(S) | claim: 1. A method and computerized system comprised of: (a) a
guided methodology, which dictate the proper sequence and techniques for robust engineering,
characterization and optimization; (b) a task-specific knowledge base which generate the robust
experimeyt peatopaley templates; (c) a wizard-based graphical-user-interfaces for planning and
setting up-ef+ek expeHent-aRalyzing-the-expernents-and-nrterpretingtheresdltis—{d)yan-eHicient
and prodijgﬁii\l/e automated computational capabilities and support for tedious tasks, (e.g. data
analysis, grapIHicaI plots and report writing, etc.); (e) a project data file which stored into task-specific
knowledge base, which keeps track of a scientific_project from beginning to end, and retains facts
about su%j&tglefggﬁsﬁnﬂfé%%‘t‘@ﬁé‘?ﬂsﬁyﬁeﬁl GRS computerized system of claim 1 wherein an
integrated robust engineering and optimization environment based on an on-target engineering
method and corfiputegiidedsystdarqlesiwabectb dikitovitie 2ueiptitsseis rae i ey doe&retopint

products and procegsgasdhiat @rehdnsensitivedamnbisgemages; on the converging of statistical
principles, knowledge-based engineering, software engineering, and robust design; and more

particularly basegd)opglainh i RERMRIEEHASH Mathoskand e MRICBAlAR A Yrstoliyosah a
wizard-based graphical user interface to create robust experimental model and to evaluate its
parameters, and to's Wﬁiically optimize the model with the help of some task-specific knowledge
based optimization algorithms. Most importantly, the present invention helps engineers and scientists
to work consisteflly* thriafr brerdcipimbirappieatherinses dohsrtantmasilvesking gumiss @hust
collection with embesistethrahysidesign tkaenpetoerndabienartippojectswaltk; and retain critical
knowledge for future usage. 3. A method and computerized system of claim 2 wherein the planning

and setting up gdpRHSEfficient and productive automated computational capabilities and support for

tedious tasks, (e.g. data analysis, graphical plots and report writing, etc.);

(e) a project data file which stored into task-specific knowledge base, which keeps track
of a scientific project from beginning to end, and retains facts about subjects, tasks,

measurements;

2. A method and computerized system of claim 1 wherein an integrated robust engineering and
optimization environment based on an on-target engineering method and computerized system
(software toolkit) with a eight-step methodology for developing products and processes that are
insensitive to noises, based on the converging of statistical principles, knowledge-based
engineering, software engineering, and robust design; and more particularly based on claim 1, to
a computerized method and system which allows a user through a wizard-based graphical user
interface to create robust experimental model and to evaluate its parameters, and to
automatically optimize the model with the help of some task-specific knowledge based
optimization algorithms. Most importantly, the present invention helps engineers and scientists
to work consistently through a disciplined approach with a consistent framework, organizes data
collection with embedded robust design knowledge and document project work and retain
critical knowledge for future usage.

3. A method and computerized system of claim 2 wherein the planning and setting up a robust
design of experiment for robust engineering and optimization of complex phenomenon, the

method comprising the steps of:
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design of experiment for robust engineering and optimization of complex phenomenon, the method
comprising the steps of: Page 31 of 34 (a) detailing the elements of the robust experimental design
through a function modeling technique: i) draw the process flow diagram which shows the major steps
of the process and develop hierarchies of models that represent the system at various levels of

abstraction. i) dggeiiegithe GdWRMEA bralR dsudeiRpce-MAlAials) RIRRAISPRIATSaHdshesial

conditions, and peflsonne,l skills and knowledge necessary to perform the process. iii) detail the
s CC uc : . . . . . . .

activities necessaryntlé1 perform the process in written work instructions, which could guide a skilled

person, unfamiliar with the process, through_all the steps to. complete the process. iv) define the

intended behavior of the Sy <ta, (HE AFRTP AR ISR IMBIStS SAMEHM IR IEBF PO IR Tlex
behavior of a system. (b) foamalikmglal dieratvlens-Diagradelbabet mprtrennforenayisendetivedifram: i)
the project and investigationQjeefive Qfdhg robust experimental design. i) the output response
(quality characteristics which are measured during an experiment run) and the evaluation criteria and

e ot ) WE SR BLPAIGAIR (ARSI LRINIEN AR RO BRAALY AL Ig order
to determine their impac ont eoutput,r.s onses) and the numper o settlngs or ea control
parameter. iv) the process cHffi8l sigRitpiSto thASHT68IR s Tl ast HEProedes RSERMBIdgYS. v)

the product function signal (fecfons thapteaesthe product function performance onto any desired
target). vi) the noise variables or compounded noise variables (parameters which can influence the

output parameters but aig nedtiitemidonallyivasiatdadirthahedrennstan fpeesstheald-wemstantdaetors

are controllable factors instructions, which could guide a skilled person, unfamiliar with the

process, through all the steps to complete the process.

iv) define the intended behavior of the system, desired target measurements

and historical record of the complex behavior of a system.
(b) formalizing of a Problem-Diagram based on the information derived from:
1) the project and investigation objective of the robust experimental design.

1) the output response (quality characteristics which are measured during an

experiment run) and the evaluation criteria and measurement methods.

iii) the control parameters (parameters which are intentionally varied in order to
determine their impact on the output responses) and the number of settings

for each control parameter.

iv) the process control signal (factors that modifies or adjust the process

technology).

v) the product function signal (factors that tune the product function

performance onto any desired target).

vi) the noise variables or compounded noise variables (parameters which can

influence the output parameters but are not intentionally varied).

vii) the held-constant factor (held-constant factors are controllable factors

whose effects are not of interest in the experiment).
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whose effects are not of interest in the experiment). Page 32 of 34 viii) the nuisance factors (nuisance
factors are not controlled, and are not of primary interest in the experiment). ix) the interaction effects
present in control factors (The dependence of one experimental factor on the level of another
experimental factor for its contribution to the measured response.) 4. A computerized method and

system of claim 3 wheyagiiy th: craaliaBeofR tRbyshdantanattexpadimeatdshberarrigaiomcby# weer for

robust engineering and optimization of co I.Ilgl)l%x:‘?ohenome on, the steps of the method comprising: (a)
. pbrimary intere the gxperiment). . . .
enter the problem-diagram fAformation of claim 3 1hto the omputerized system, the information

including: i) the input control parameters to pbe varied in the experiment and the number of settings for

each control parameter'X}) iHSHSIRFIRTebHS P iniehind &rmtigtider iiteiEhsiis trendenss Wriiles or
compounded noise variablesxgbjigenetatectorobusthex perinehtahdésigreypretoooitil decordémcetwith

the model type input in step {aipisbWheIRIMIbR WRAERReS are suggested by a set of knowledge-
based system. (c) evaluate the experiment design generated in step (b) by utilizing the information

input in step,( t ' tay, r sheet ifyi
iU O B e OB M

, e (
robust expP@THBRRIA REcEREINE R BYWHMSher ARBUE COIEINEXHBA MRM IR ISR THRICX
experimepttahaatadmnhstegpie)| themethleodiaimpnsistatistical results and generate the graphical
reports, and the computation consisting: i) Computing the Analysis of Mean (ANOM) statistics (either

static or dynamig)cptispigatipropi&@iha@iram information of claim 3 into the computerized system, the

information including:

i) the input control parameters to be varied in the experiment and the number

of settings for each control parameter,
1) the output response and the evaluation criteria,
iii) the noise variables or compounded noise variables.

(b) generate a robust experimental design protocol in accordance with the model type
input in step (a); and wherein the user changes are suggested by a set of knowledge-

based system.

(c) evaluate the experiment design generated in step (b) by utilizing the information

input in step (a).

(d) create the robust experimental layout protocol and worksheet specifying each

individual trials of the robust experiment to be performed by the user.

(e) conduct or simulate the robust experiment run according to the worksheet and record

experiment results.

(f) compute the experimental data from step (e), then calculate the statistical results and

generate the graphical reports, and the computation consisting:

i) Computing the Analysis of Mean (ANOM) statistics (either static or

dynamic optimization method);

1) Computing and generating the factorial effect table (either static or dynamic

optimization method);
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i) Computing and generating the factorial effect table (either static or dynamic optimization method);
Page 33 of 34 iii) Computing and plotting the factorial effect chart (either static or dynamic
optimization method) iv) Computing and plotting the significant effect 2D chart (either static or
dynamic optimization method) v) Computing and plotting the significant effect 3D chart (either static or

dynamic optimization mgwcnjam&)&ﬁ@%@w&hﬁﬁﬂﬁﬂwﬁa&iﬂ%i@w%ﬁ&&d@%&ﬁ%ﬁﬂs@ sithayistatic
or dynamic optimization meth raz ana é/ﬁe nd interpret statistical and graphical outputs to
determine the relative effect 'ana the rela tlve | portance of various factors from step (f). (h) optimize
and adjust the system senS|t|V|ty and performance tg meet 0 t|mum conditions/objectives based on

the knowledge gained o @Bp(‘bt}n% \Péi‘i’rypﬂﬁéﬂfh%pé%& Bfﬁﬁfn%ti‘gmie gt itc or

confirmation experiment to cbn@ume:tdwmh@attmawtbdd)esponses were not a result of experimental
error. 0) communicate a summary of report on the analysis performed in step (f) to (i) to the user. (k)

document the robust experitenpdaig ad rerstiadntbeaspsa)GchiilecitcfuBe ¢rirevalkhanddsiovwdedge

retention. Page 34 of 34 dynamic optimization method)

vi) Computing the Analysis of variance (ANOVA) statistics (either static or

dynamic optimization method)

(g) analyze and interpret statistical and graphical outputs to determine the relative effect

and the relative importance of various factors from step (f).

(h) optimize and adjust the system sensitivity and performance to meet optimum

conditions/objectives based on the knowledge gained from step (g).

(1) verify the repeatability of the optimization results with a confirmation experiment to

ensure that the measured responses were not a result of experimental error.

(j) communicate a summary of report on the analysis performed in step (f) to (i) to the

user.

(k) document the robust experiment data and results into a project file for future retrieval

and knowledge retention.
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