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WD 2004/ 090757 PCT/ SG2004/ 000085 FULL KNOW.EDGE BASE
AUTOVATI C CAD SYSTEM AND METHOD FOR AUTOVATI CALLY

WORINERITSNG A  CAD ENG NEERI NG DRAW NG 5 BACKGROUBE200K000085

THE INVENTION 1. Field of the Invention This
invention relates generally to conputer aided design
and, nore particularly, to a full know edge base

cclﬁUqLErI@@emea)@E BASENARUT @ VEL TI¢ @AD SYSTEM

:utoma l‘ IFéeneratl n gglgi) uIt;»irYered desi d?ILNGA
?8?“325{9‘3', de CAPLEN G ER NGRS WIRGY,

general , conventional CAD systens utilize tmo-
di mensi onal (2D) or three-dinmensional (3D) graphical
user interfaces to assist in 15 generatlng engi neering

drawi ngs. These gng ) ] q lely i ncl ude
2D or 3D geonetTtrcStapes and- T erated < nsi onal

infornation Cbnventlonal CAD systens typically
E % gfthh? Y ro to manual ly draw the geonetric

*h '5 and ?e‘? %4 di nensi ons needed. Al t hough this

method is relatively easy to learn and use, this

et hothik $nveRfidn Fél'f?tgseé’érie{;ﬂll? th QoffpifeR KRR Ql@s%ﬁ' Snd@hdre Phrticularly,
the user. 20 As a result, "sone conventi ona

S%u‘ﬁriglowlll d%nabtalsg 8‘c'>r£ffut9re”8 Lf Ikamg%e trrE IaI(l:d %f}g Rfisa %or automatically

generating a computer aided design engineering drawing.
2. Description of the Related Art

Computer aided design (CAD) systems are widely used for design,
manufacturing, and quality control. In general, conventional CAD systems utilize two-
dimensional (2D) or three-dimensional (3D) graphical user interfaces to assist in
generating engineering drawings. These engineering drawings generally include 2D or

3D geometric shapes and related dimensional information.

Conventional CAD systems typically require the user to manually draw the
geometric shapes and related dimensions needed. Although this method is relatively
easy to learn and use, this method is very susceptible to mistakes on the part of the user.
As a result, some conventional CAD systems automatically generate geometric shapes to
reduce the risk of such mistakes. However, these CAD systems typically cannot
automatically generate the dimensions of a part. Even when a conventional CAD system

has the capability to generate limited dimension information, the user generally is
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reduce the risk of such m stakes. However, these CAD
systens typically cannot automatically generate the

walzovxi76ns of a part. Even when a conventi onaPCIZ8G2004/000085

system has the capability to generate limted
di mension information, the user generally is 1 WO
Q0L P ROARS NG Th&RAAHORABR:s, AQEHIiRE fird QBN Ohs, select text
check draw ng features, determ ne projéecting
ifectigns, select text _style oi.nt dinension .. .
ST b TimoR sl eI H o Do ST FoRETatoRg pf will be
be apparent to those skilled in the art. The
afipaeans foothpseskattadHpdie albed i n conventional CAD systens
focus on the 5 different nodul es and functions (e.g.,
desi gn, geonetric drawi ng, and di mension), but do not
make The lditi&sidiing hesthods aisedris hdopvaeioneke CAM&ysenld| fesus on the
In particular, conventional CAD systens that provide

iefl g thodli 1T gg& ﬁfﬁicﬂ&lsf(g%ﬂt%e%i%?t ge%nféﬁﬁsdfa@ﬂ]g%% Yhedsioh), but do

geometric I nformtion, s geonetrica

i nformation i ar inferiqr to the information. :

B Aol o S rda RaShip Ryt gRoCh] h\eRgig e pafentional
foregoing, there is a need for a nethod for

a@dDorpttéoalthay prgede rlimitety dinensiosingn feonsl avathef wess uandngnalysis of
information in a CAD system 2 WD 2004/090757

oM B RSB0 Bt tRYIYMMRYriC iR fdembMDAENTRONEIoasl khe information

speaki ng, the present invention addresses these needs

g)éil%lg\{lix gljl thgir?eehﬂg Idrawing.

In view of the foregoing, there is a need for a method for automatically

generating dimension and manufacturing information in a CAD system.
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know edge based automatic CAD drawi ng system In one
enbodi nent, a nethod is disclosed for autonmatically

w@esaeai7sng a CAD engi neering drawi ng. The net hoTS62004/000085

i ncludes designing a part utilizing a design know edge
base that stores a plurality of basic part features.

In addition, a pa@Uﬁ%ﬁ;E@ﬁﬁlﬁﬂ@@ gﬁl l'y generated
usi ng the desi gn edge base and a draw ng
know edge base that stores view properties for a

porti 3 g{x s& ﬁ%gﬁ%ﬂegéﬁt vae . Qdcﬂ@srsés tﬁi@&tﬂé%gsslafeéfbrvﬁcﬁng a full

the ge base. usi ng the

no dge base, the know edge base, and a

oo amw%@@“%g%mwsam B @€ EHEREn @ method is
data for a portion of the view properties stored in
dispdosetd afoir ngptéanetadlpiggensrting pdCADdengingirmgs dameng. The method
automatically generated. In one aspect, a user is

iatlhavedesighisiehi e RALARNE h &lefigh AnokNedRbdse tMI Edtefaplurality of
i

then stored in the design know edge base. In a

rthe odi rent t ro .
il PR TR RlpiaBpnd TN v iR ATbhlsaty Eopemig goine the
| s di scl gsed. The conputer programincludes program
Jesigh kperilesias basmandie draying kpawledge paseAhafcsteres sigwgproperties for a

know edge base stores a plurality of basic part
foetddruofthe pAlrslityiofbhsiclealt &taturps storedithe dedignukidvdadgd bde. Further,
automatically generate a part drawi ng using the

e gt Kogvh adgs kR eLRRd 1R dERWLP %m&&g%dsﬁe?%g@ a dimension

that storesS view propertles for a portion of

of ,basi.c rt f eat stored t desi .
e e b s el Alpens SRS R o By Bopties stored
included that automatically create part dinensions
indhar dravring daswiptlek e aagedipgasions A ahtemptingllk rasnerettde In one
base, and a dinmension know edge base. As above, the

28paTE NS 1A 1K I @UIgeddtias §atintas feh M. pattOWhich are then stored in the

design knowledge base.

In a further embodiment, a computer program for automatically generating a
CAD engineering drawing is disclosed. The computer program includes program
instructions that design a part utilizing a design knowledge base stores a plurality of
basic part features. Also included are program instructions that automatically generate a
part drawing using the design knowledge base and a drawing knowledge base that stores

view properties for a portion of the plurality of basic part features stored the design

knowledge base. Further, program instructions are included that automatically create

part dimensions using the design knowledge base, the drawing knowledge base, and a

dimension knowledge base. As above, the dimension knowledge base stores dimension



3 WD 2004/ 090757 PCT/ S&004/ 000085 data for a portion
of the view properties stored in the drawi ng know edge
whame/090The vi ew properties can include geonetPCTSGENH000085

and rel ationship data defining a relation ship
bet ween a stored dravvi ng and a basic part feature. The
e Rl e“‘i’e‘%ﬁg 501 P et %‘?‘%81@‘&#%%8% The view
hablts of user ca i ncl.uded. i n.the

TS el PRk G BTG4YR Jeife  felation ship
d| mensi on know edge base. In one aspect, the habit
bebween cantorett Haskeng ahd antasicopart dedtimg; n@hméenerdwu dpta can include
drawi ng, and di nmension preferences. Optionally, the

tbRRinte dahan@aRer proedréide datad NEh@titr ANMbitdita 8é@iA@kdehwing habits of
desi gn, draw ng, and di nensi on user defined net hods.

her aspect n

5 %l%ser app rcgud?&]g} a‘?ﬁ%ﬁ?ﬁ?yfé Wgé BESf {ﬁ\é%{a{v{u?gﬁﬂ)\uedge base, and
description, taken in conJ unction with t . . .
h%émwyﬂﬁ@ pdgsi bage, Injongospest thg habi %&yea@flnéwammf@matwn
the principles of the invention. 4 WD 2004/ 090757
deGiinS @R 0N MG Y in B RhdEHnimSIORIpPSib i €F OptionEIRA\MANGDBit data can
The invention, together with further advantages
1ﬁ%t|?(|§ee§?:§ndaf@éﬁl(prﬁ§1 LstRR1aHARI3! 8Q¢ ind ¥nd ﬁfrﬁéxﬁfbﬁ%s&ﬁhéﬁ'ﬁ@d methods.

ow ng description taken in cofj unctl on with

GRGPRA P ad BRI e TrArlin sl webetot fodsr® éﬁ@l SrE—

functi onal
10  detailed description, taken in conjunction with the accompanying drawings, illustrating

by way of example the principles of the invention.
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processes and the know edge bases in the CAD system
i n accordance with an enbodi nent of the present

w0 poogfo9i76m; Figure 2 is a flowhart show ng a PEESGI04/000085

process, in accordance with an enbodi nent of the
present invention; 10 Figure 3 is an illustration
showi ng an exenplary user interface for a design

process, in agyaR#aRESCiEToNof RS DEBIWIRESt he

present invention, Figure 4 1S a flowmhart showi ng a

dr awi : ST NG 6, g\d L,Rot

t he pﬁ%slg%%qﬁ%ﬁvtg %’ eﬁgﬁ%ﬁﬁi gur eeag\’}%ngt!i%e%%?rﬁﬁ%??a gt | onbé)tmderStOOd
show ng an ex lary user interface for a draw 15 i
by iEaese 1P e, el PHRK CESGHIPAN AP @B OB I e accompanying
present invention; Figure 6 is a flowhart show ng a

dtawimgs irowhiphocess, in accordance with an enbodi nent

of the present invention; and Figure 7 is an

illustration showi ng an exenplary user interface for a

di mengyae 1 RrO6RER ,diaigaarﬁqg@gtfaﬁﬁgehwélhi@@higm\déﬁeﬂk functional
of the present invention. 5 WO 2004/ 090757

PCT/ SG2004/.000085 TAl LED LRI .
RO VERT S SETTATCTE 58T Py BEnbe RFD: o pperdiice with an
invention will now be described in detail wth
engyodiagie of the PrereniBr¥dMRNYi ng drawi ngs. In the

foll owi ng description, numerous specific details are

set forth in order to provide a thorough understanding
of tHagweedanta flowchart showing a design process, in accordance with an

embodiment of the present invention;

Figure 3 is an illustration showing an exemplary user interface for a design

process, in accordance with an embodiment of the present invention;

Figure 4 is a flowchart showing a drawing process, in accordance with an

embodiment of the present invention;

Figure 5 is an illustration showing an exemplary user interface for a drawing

process, in accordance with an embodiment of the present invention;

Figure 6 is a flowchart showing a dimension process, in accordance with an

embodiment of the present invention; and

Figure 7 is an illustration showing an exemplary user interface for a dimension

process, in accordance with an embodiment of the present invention.
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5 invention. It will be apparent, however, to one
skilled in the art that the present invention may be

w@e@andwoetd w t hout sonme or all of these speci fPCI/SG2004/000085

details. In other instances, well known process steps
have not been descrlbed in detail to avoid obscuri ng

1113 EEFLMBGIB‘WENTS
e prior

art by 10 providing a nethod that uses design,

dr avv|

oot ﬁ%&aﬂ@%ﬁ@%%ﬂ%@%@@ PRl B e i
of the present inventi on initi alllgy repar.e dj nensi on

WHIP 6?%5961%#’ F@&W@%’é’ﬂ% ISP, gn? OVHRS (SO gumerous

in greater detail below Additional dinmension

dpetificrietailorard sct doitteth ehdex umg)ravidd rahprogel naddrstemding afjéhe present

whi ch studies and traces a user's di nension habit.

HvaRldnY: 1t 131 aRILRRM MR EENR) B8Rk iskfiled AL theNart Shat the present
automatical ly generated. As menti oned above,

enbadi nents of the ent |nvent se des ,

P SoRg T raPEREASY RO st g oo LS5 SERIRT dsiaile: In other
automati c CAD draw ng. The design know edge hase is
ipsfapcesowell spewrl pEICess Skams &ave i hs:ﬁn dessribed medpdailitogygid obscuring
expanded. When generating a draw ng, enbodi nents of
thBénvehesetindcess@tilyi on read a design case fromthe 20

desi gn know edge base and match the design case with a

draw ng case in the drawing know edge base. Dependi ng

on t henHS&imeRisHrant ggesgﬁ’[q}%@rﬁ 8 dM8Rs 11 HloBWNRDof the prior art by
pattern 6 WO 2004/ 090757 PCT/ S&004/ 000085 (e.g.,

;\élgiez }rfggrat %th\%? ntgsxt Bs‘fﬁ (Eeé}g\ﬁp dfrav%lrjlg,! S d&r%‘é%s?&d k%ggvledge bases to

provide automatic CAD drawing. Generally speaking, embodiments of the present

invention initially prepare dimension information from a design stage, as will be
described in greater detail below. Additional dimension information is added during a
drawing creation stage, which studies and traces a user’s dimension habit. Finally,

engineering dimension information is automatically generated.

As mentioned above, embodiments of the present invention use design, drawing,
and dimension knowledge bases to implement automatic CAD drawing. The design
knowledge base is used to store design cases, which can be reused and expanded. When
generating a drawing, embodiments of the present invention read a design case from the
design knowledge base and match the design case with a drawing case in the drawing

knowledge base. Depending on the user’s drawing knowledge base, a drawing pattern
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determ ned. Subsequently, during a dinmensioning stage,
a dinension style (e.g., position, precision,

wao odoe2018E, col or, text height, title bl ock, aPdI/SG2004/000085

techni cal notes) can be determned 5 based on the
desi gn case drawi ng pattern, and information in the

(g (%me ViR o@%l&dgﬁxe A Eﬁhﬁ‘f@q{rﬁ {g Lhg &Jtzﬂ%[lsaﬁ%g) can be

raw ng tan beé dutonatica generat
.q%ndescrl bed in greater detail beI ow, each of the
ow edge bases can be pre- defined, reused, and
expanded upon. In addition, each know edge base
i ncludes a sel f- study function that allows for a
hi gheYubdeqnesdy.ofuringt ardimicnsioning stager @ dmsesiomrseyle (6.8, position,
i ncluded in the know edge bases, as descri bed bel ow.

;Ee@sibﬁ tdlekhca ddldrClextheagtatld blbits s tah@tdoRfichdtes) can be determined
relati onship ‘bet ween the functi onal pr ocesses and the

l&% ngdl\%r? e?i%% sélts% gr%}'lgégnﬁé/rlﬁ;égin ‘éx? g'ﬂe mt\é'héll(}? ﬁHowledge

the [%r esent |nvent| on use a design knOV\A edge . base

hegrlch e HSREeRY éorbfag dravisg C&ﬂ&eaau&?rﬁ%tﬁ@ilzs rgenerated As
knovvl edge base 110 to 15 provide automatic CAD
whillawi degeribaticihypteatgr ditatbbdownsachldf thd thutedkivevledgedshséshern be pre-
di mensi on i nformation includes geonetric data and

deebante’h, Adf &{fﬂﬁ&édoﬁbonASIn'a!dH}%hr 84 BkrloW1de8 WaBe hchiles a self-
deS|gn process 100 is supported by t he desi gn

FEBCHFEERR ARGy foron B iRree o aE e D BRI dases are

and t he draw ng know edge base 106. Further, a

ig¢lndadsindhg kepvdedgsrhasess as doeribed balgypor t ed by t he desi gn

know edge base 102, the drawi ng know edge base 106,

and t he di nensi on know edge base 110. The design

pr oc&gurd 0is albhek ntiagpamndlgsrating the relationship between the functional

processes and the knowledge bases in a CAD system, in accordance with an embodiment
of the present invention. Embodiments of the present invention use a design knowledge
base 102, a drawing knowledge base 106, and a dimension knowledge base 110 to
provide automatic CAD drawing, including dimensions. It should be noted that

dimension information includes geometric data and mechanical information.

As illustrated in Figure 1, a design process 100 is supported by the design
knowledge base 102. In addition, a drawing process 104 is supported by both the design
knowledge base 102 and the drawing knowledge base 106. Further, a dimensioning
process 108 is supported by the design knowledge base 102, the drawing knowledge base

106, and the dimension knowledge base 110. The design process 100, drawing process
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7 WO 2004/ 090757 PCT/ SG2004/ 000085 104, and
di mensi oni ng process 108 will be described in greater

waledoaiopo7sel ow begi nning with the descripti on PET/SEHI0EN0085

process 100 shown in Figure 2. Figure 2 is a flowhart
showi ng addi tional details of design process 100 shown
. . r‘ X . . .

1R, 28 Bihcheonir rBEGRR 18R 19, M AR R g bR hopinning
of the drawin re selected, The basic features are
%?%Fl’édieﬁﬁrtﬂtﬂpﬂ%fa%s‘%‘égﬁoﬁ?ﬁslé%\ﬁﬁ%%@a}g‘&%@ 202 and can be

di spl ayed to the user via a suitable user interface.

The basic features can include, for exanple, _
gr aphiigere 2namdlowshart shelwing edditingal sietads ofidesign proe¢ssrlP8ghown in
information. In operation 202, the paraneters for the

Fig@:iegr) ifh&ofRhee WA apamMRLRE ofiefd fieschhBivedifort atndopRtation 200,
the basic feature. The data can be |l oaded with a data

fil res ith default. da Qr. fihed using.ih .
HabiegeatBHeE B fne Wi B ted? s et SRR OSSR Fihihtne ccsien
data,, in operation 204, the design process 100

Ipetvdedee hase 1ivernksan bredisplayederibe use vaep seitabipgsaianterface. The
basic feature. If the user wants to sel ect another

Hagisi feathegtdanencloie nfor leeamiple] gmphicocrase, dndacveleesr oy other user
anot her sel ect basic feature operation 200. O herw se,

JroeRPEAbInPRo406, the 15 design process 100 combines
the selected basic features. Figure 3 is an
illustration show ng an exenplary user interface for a

desi gn roce | N_accor danc i t.h an e | ment of

the ppeoBaiot b eiEmRE CRE s Yebtn A L T Pfgets dcfine te
desi gn know edge base 102 includes a cube 310 naned

da@dﬁghq_b@lq featyres phher data gan be loaded with a data file, preset with default data,
or defined using the last setting. After the user confirms the parameter data, in operation
204, the design process 100 determines whether the user wants to select another basic
feature. If the user wants to select another basic feature, then the design process

branches to another select basic feature operation 200. Otherwise, in operation 206, the

design process 100 combines the selected basic features.

Figure 3 is an illustration showing an exemplary user interface for a design
process, in accordance with an embodiment of the present invention. As shown in Figure
3, the design knowledge base 102 inc}uqes a cube 310 named “Code 1001,” a sphere, a
cylinder 312 named “Code 1003,” a cone, a wedge, and a torus. In the following
discussion, the use of the user interface shown in Figure 3 to implement operations 200~
210 described herein with reference to Figure 2 will be described for an exemplary

design process. The user selects the cube 310 within the table of selection 302 and sets

8



cylinder 312 nanmed "Code 1003," a cone, a wedge, and a
torus. In the follow ng 20 di scussion, the use of the
wa@s@n/09a1ser f ace shown in Figure 3 to inpl enentPCT/SG2004/000085
operations 200- 210 described herein with reference to
Figure 2 wll be described for an exenplary design

R e ke R T
PCT/ SG2004/ 000 th b 310 t
e N R -

in operation 204, and selects the cylinder 312 within
thaderdbBE2 phragedt@s tand posSifian B0d. sEhs usdrether pelectd enother cube 310
312 paraneters and position 304. The user then selects

WIRINGE t08f 3iEction 304 dhdl 26 B R13198)S4héteN agﬁg})osition 304.

and sets the cube's 310 paraneters and position .
r the e t.to addi,.ti onal featu

5 ke fen dagte i i arbioSbRorand b fien s pheghcon 206
Figure 2, once operation 206 has been conpl eted, the
nmet hod proceeds to operation 208 in which a part is
generBeledingauayy toRigure.conepionedtipn0e has begnuearpletpiethe method
user can define a nanme, code, or other preferred
precsedsita abtratiom 2RS finrwhitie a mpar is. gddexdied based Ry el @Mmbined basic
210, the design case is stored into the design

K498 RaSEn :Hgﬁé%g nam¥ rcg)!dg g?l‘t(Rhé: '&é&ﬁﬁe(ﬁrecb%@zable mark for the

conbl ned feat ures 6 are aye r can

Checlg[ﬁ’&th nodi f‘%é%glgg%%i Sésg‘ﬂ%gca% et%tﬁe:gﬁgtee%ﬁgeaigppvomfedge base

i nput or defined autonatlcalyé by a rule or a nam ng
10§02} eTuming tohBigure 3, the ombigd tenirdse3tuane displexed” @ddibe user can
2001" 308 equal s cube "Code 1001" m nus cube " Code

chO&d "médiny and Yilld REeF prépeetees1093 a Minks30$1Qidh as “Code 2001.” The

rel ati onshi p and ot her
name can be manually input or defined antomatically by a rule or a naming file. As
shown in Figure 3, the feature named “Code 2001” 308 equals cube “Code 10017
minus cube “Code 1001” minus cylinder “Code 1003” plus their relationship and other
15  geometric and non-geometric properties. After the user confirms the part 306, the part
306 is stored in the design knowledge base 102 and a new part knowledge record 314

named “Code 2001” is generated. The next time the user enters the design process 100,

the part knowledge record 314 named “Code 2001 will appear on the table of selection

302.

20 Figure 4 is a flowchart showing additional details of drawing process 104 shown
in Figure 1, in accordance with an embodiment of the present invention. In operation

400, the user pre-selects a part for an automatic drawing. When a user calls a drawing
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15 geonetric and non-geonetric properties. After the
user confirnms the part 306, the part 306 is stored in

wo b@4gessgn knowl edge base 102 and a new part RODSGHEAg@00085

record 314 naned "Code 2001" is generated. The next
time the user enters the design process 100, the part

J?.E&YY‘tea%Fg)aﬁgﬁ {ég%@?% nﬂi”‘ﬂ%ddfglggg&'g (i)ﬁ%%é bﬁ@é 0L BRFHte®Bn the user

flowchart show n dltlon detalls of draw

1&#‘6&% of seirrtigRo hAch (g' TAVEISGS £ nfroqeﬁseé&@swa%énwpmﬂaw 402-412,
enbodi nent of the present invention. In operation

wWbieh atehdesarstend ipdetagddlelst.s a part for an automatic

drawi ng. When a user calls a drawing 9 WD 2004/ 090757

PCT/ SG2004/ 000085 nodul e, the parts are searched in

the desdpafhtioh@ob e&@@,ntiﬁﬁ)ﬁna{% i8Rshdl froth @tk @RidnN&oWI&Ige base 102.

| nterface of seI ection. Each drawing is then processed
8RS ARl R R S im0 SPRE ORrameters
|s read fromthe desi gn_know edge base 102, 5 By way
istationship| a1d pther desigyinforpdionastPsd wathe; ¢¢é1gad1énqwdedge base 102.
code, geonetric paraneters, relationship, and other
Figsieghisianfitingteition shewmged dxamphey desiigerfikdeofor edigeving peocess, in
102. Figure 5is an illustration show ng an exenpl ary

é&@ﬁaﬁé@@f’tﬁ &% EmbMinRnds ANt Psii 9FRAfon.| 1h thé%féﬁﬁnﬁ]l@%?ﬁigure 5, the

an enbodi nent of the esent |nvent|on

RS Sl rqe])pfq gl ran g C{}n%‘!‘ RS d1g Jecord “ Code

Code 10 2001" 502 with "View 01010" 516. In operation
1927 1 Rewihsteiewr @HHO”t hid. d&s pperation 402, the system reads the design

information for part 306 that has the part knowledge record “Code 2001” 314 from the

design knowledge base 102.

Referring back to Figure 4, the part features are analyzed in operation 404. The
features may-be analyzed using the drawing knowledge base 106. In operation 406, a
geometric drawing is generated based on the features and the user’s drawing habits. The
geometric drawing is generated using the drawing knowledge base 106. The drawing’s
view ports, scale, color, name, and other drawing information can be defined manually or
automatically using predefined rules or a default data file, depending on the user’s

presets.

Referring now to Figure 5, a drawing properties settings frame 506 is used to
define the view ports, color, line type, scale, name, and other drawing information.

These properties can be set manually or automatically with the last setting or a default

10
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information for part 306 that has the part know edge
record "Code 2001" 314 fromthe design know edge base
waom4/omeferring back to Figure 4, the part fearCr/e620a4/800085

anal yzed in operation 404. The features may-be
i al yzed using the drawi ng knowl edge base 106. In

fi , ' r8MM i : e :
BRETR, Lo o e R RS o ERRI P e view ports
The geonetric, draw ng i ener at ed usi ng the draw
KA1 GUUEIB HER iSY POYRSTEVENARp e (GPRYSdEL IS BE Belgr black, the
color, nanme, and other drawi ng information can be
et viewebledimg adashed linehalsonasetctal hlgcki snd ghe veate todredl12 is “ View
rules or a default data file, depending on the user's
Progeets. 20 Referring now to Figure 5, a draw ng
properties settings franme 506 is used to define the
view ports, color, line type, scale, nane, and other
dr awi Lnfar [ o6, hese. [ - he .
ek e SR i Bl e RRRLS, B2, SRSl sired into the
default 10 WD 2004/ 090757 PCT/ SG2004/ 000085 data X
drpvig depwledendash ¥0Re kBt Ipr &ff dhcoEarging | i§ pphaew drawing case,

exanple of Figure 5, the view ports are the front and
enigliimente of he pksentt ineentioa\stdrt ehel draveingcost intukhe ldravaehg ksowledge
the color black, the non-viewable |ine (dashed |ine)

s890bS $RE diAviRk atke daRdednNBicMideV aeden Jhdwicige VeR¥énce and a
01010." 5 Referring back to Figure 4, Tn operation

408, the drawi ng case {ds,stored inte th dr.ayd n .
RS e BB B T, SR R Ry R e fdrd into the
drawi ng case, o ) )

drawing record list because, in this example, part 306 is new to the drawing knowledge
base 106. The record generated in operation 406 creates a relationship with feature 502
of “Code 2001.” In this manner, the next time the user enters the drawing process 104,

when a part has the feature 502 of “Code 2001,” the drawing 514 is automatically

generated.

Referring now to Figure 4, in operation 410, the dimension module is called to
begin the dimension process 108. The dimension process 108 will be described in
greater detail below with reference to Figures 6 and 7. A decision is then made, in
operation 412, as to whether the drawing has non-drawing parts in the queue. If the
drawing has non-drawing parts in the queue, then the drawing process 104 branches to
another read design information operation 402. Otherwise, the drawing process ends. In
this manner, the next time the user enters the drawing process 104, if a part has the same

features, then a similar drawing is automatically generated.

11
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enbodi nents of the present invention store the draw ng
case into the drawi ng knowl edge base 106. The draw ng

w@a®e/0olasa can i ncl ude a design know edge ref ePE€Ns€2008 000085

a drawi ng know edge reference. Wth reference to
Figure 5, part 306 is added into the 10 drawi ng record

list pecause, i i l.e 2y
or oo R o ey SHATRE" R 30504 BTl poces 10
operatiqn 406 creates a relaéionship wth feagture %gz. .
downcaydigee 1l 1 RespfanchaHRran SO Gtpie; RESSL gjnvention.
enters the drawi ng process 104, when a part has the

Gendrailyg thd@nehsioLpchee0B, 1% itihaed mpayiendioB ¥4 Oiof the drawing process
automatically generated. 15 Referring now to Figure

4 !(&eoﬂgﬁ%it Lrlrgrbr_"'i%oactitvgﬁddaﬁ’@%ﬂgi l%{?_tﬁ’éogégr.e 15 opédatiesl 400, design

egin th nsi on process 10 he di nensi on process

108 wi.ll be described in reat.er detajl .bel ow. wit

rating a7 grargh rae e tha S S raf et base 102 and
in operation 412, as to whether the draw ng has
drowing kndwigdgsabass 106, reprectjuelbie This informatign sap fplues for example,
non-drawi ng parts in the queue, then the draw ng

RIRE esferldldhdat aeament, teaniy, anet berts, keadettie shae, and other data that
i nformati on operation 402. O herw se, the draw ng

&fl? %%Sgptph%%f‘ to ! flose! Bified B0 qgé sartt Eﬁerr@ XhrdfhlMReall S5 8is detailed
enters e draw ng process 104, If a part has the sane
features, then a simlar drawing is automatically

@@ﬁ@?%@%d. 11 WD 2004/ 090757 PCT/ S&004/ 000085 Figure

6 is a flowhart show ng additional details of

di mensi on process 108 shown in Figure 1, in accordance )
wi t h Biguenéslpmilhistration sowing s ekemplashisesanterface for a dimension

process, in accordance with an embodiment of the present invention. In the example of
Figure 5, the CAD system initially includes case “Code 2001 306 with *View 01010
516 stored in the design knowledge base 102 and the drawing knowledge base 106. In
operation 600 (see Figure 6), the system reads the design information for part 306 that
has the feature record “Code 2001” from the design knowledge base 102 and drawing

knowledge base 106.

With continuing reference to Figure 6, the features are analyzed in operation 602.
More specifically, the features and user dimension habits are analyzed using the
dimension knowledge base 110. The result of the analysié can include, for example, the
dimensional features, dimension positions, precision, tolerance, text style, title block, and
other dimension information. These dimension features can be defined manually or

automatically with predefined rules or a default data file.

12
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Generally, the dinmension process 108 is initiated in
operation 410 of the draw ng process 104 (see Figure

W@ 2004090765 activated directly by the user. |n PEESGLI0EN008S

600, design 5 information and drawing information are
read fromthe design know edge base 102 and draw ng

know edge hase 106, respectively. This jnfo | O a
ol ue e PR g e moRE A et R ted BPd PRAALRfIRR an the
quantity, view ports, geonetric shape, and other data
ws6Es dimiension dabisparle mariearh dhe asdyligab gesut fshusedy to generate the
after a careful reading of this detailed description.
didwhig0dineendions &0r iekdrisie) Riférfing ShomionBigare xedphatsjon properties
user interface for a dinmension process, in accordance

i S t 4,00 : : .
il MO iERea 35 (TeRIE Bk TR WAL p " difiEnsions, thei
i.ncl udes case "Code 2001" 306 with "View 01010" 16 .. X
mSPYAN ROSENES, JIEFIFATK HOAPRASy do de Boe Wik At otier dimension
draw ng knowl edge base 106. In operation 600 (see
iFfguraton) Intadditioyst dimersibscadec’ Ide s ¢ns iendropladtPion 004f,” is set.
part 306 that 15 has the feature record "Code 2001"

Tﬁé%mpwg%rﬁje%sdaﬁ e KBOMLRGUS RRasforidRaBdsids @M A& setting or a default

know edge base 106. Wth continuing reference to

(%I[Se? gfegz)lg_/’c id%geglgfq%)a/c%nu eXisdr rae?earle 2 gnitﬂis %?agllrn?rlté irellgﬁ%lglgs%On drawing

e fTeatures and user
habits are anal yzed using the dinension know edge
bldsis genagatedhe result of the analysis can include, for
exanpl e, the 20 di nensional features, dinension
positions, precision, tolerance, text style, title
bl ockRefamihg wick éo Fifune A sincpetrationra®gs therdimEmsegecase is stored in the
di mensi on features can be defined manual ly or
(?H%eﬁﬂﬁﬁ IGRbagw Be Anedefd med mates @& mxfehaikie d&kdnters the

ile.

dimension process 108, if a part has the same design features and same drawing features,
then a similar drawing with dimensions will be automatically generated. Turning to
Figure 7, the dimension case is added to the feature’s record list if the dimension case 1s
new. The dimension properties record 714 is stored into the dimension knowledge base
110 as a new dimension record 718, which is labeled “Dim 0046,” is created. The
dimension record 718 creates a relationship with feature 702 of “Code 2001 and “ View
01010.” In this manner, the next time the user enters the dimension process, if a part has

the feature 702 of “Code 2001” and “View 01010,” then the dimension drawing 716

will be automatically generated.

With the above embodiments in mind, it should be understood that the invention

may employ various computer-implemented operations involving data stored in
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12 WD 2004/ 090757 PCT/ SG2004/ 000085 I n operation 604,
a geonetric draw ng i s generated based on the features

w@pw40des7 user' s di mension habits. In parti cul B€T/SGH®4/000085

anal ytical result is used to generate the draw ng
di mensi ons. For exanple, referring nowto Figure 7, a

, , 0 ¢ s ¢
GRS BRuPhoEeTAE Syt i LEGHCy RS pasc) Lo o
dlnen on positio |S|on tol.er ]
AR A TS T TR e fﬁé‘% B o o
addition, a dinension code 714, in this exanple "D 'm

€l6cfical drgnagattic SIEh@searmbtqw‘rhqn@stomd penderedraombineg, compared,
or automatically using the |ast setting or a default

gﬁit(ﬁhér'vv'l& rfdrdpuld@BE FHHRAG, B8 nidiHul&Rins peHbBA&ET £868en tdferred to in
hi s manner, a di nensi on draMAng 716 is generated. 10

eferr ack t opera n.e60

ECHS, BREK 8 TN ach i RR R R08: cUlBoring
base 110. In this manner, the next tinme the user
enters the dinension process 108, if a part has th

sanme Q¥ Pfther epsrations dessaibed hereiy Bl {ogmimast ofrthe mvef%rhare useful

a simlar drawing with dinensions wll be
mattanatdpeaitioys. gefibe dteohtiol ualsn mglates toFiagdewaces or t dme apparatus for
di nrension case is added to the feature's record |i st

%Jrfc;rﬂlerh IRESIRMASE The LpphiaMis hi¢ B BFREIBN constructed for the
roperties record 714 is s ored into the dlnenS|on

kno e base as._a sion,.record

i PEPpsiSesish o ip RuBaate’ AT B RER LS ASRE w0688, or it may be a
dlnenS|on record 718 creates a relationship with
gangral prREe computes geleoti®ly agtipted pegon by g eprappter program
manner, the next tine the user enters the di nension
6126 66 She cbmputeAr In Pasicular, various general purpose machines may be used

with computer programs written in accordance with the teachings herein, or it may be
more convenient to construct a more specialized apparatus to perform the required

operations.

The invention can also be embodied as computer readable code on a computer
readable medium. The computer readable medium is any data storage device that can
store data which can be thereafter be read by a computer system. Examples of the
computer readable medium include hard drives, network attached storage (NAS), read-
only memory, random-access memory, CD-ROMs, CD-Rs, CD-;RWS, magnetic tapes,
and other optical and non-optical data storage devices. The computer readable medium
can also be distributed over a network coupled computer systems so that the computer

readable code is stored and executed in a distributed fashion.

14



the feature 702 of "Code 2001" and "View 01010," then

the dinension drawing 716 20 will be automatically
w@esenzt7ed. Wt h the above enbodi ments in nmi ndPCT/6G2004/000085
shoul d be understood that the invention may enpl oy

vari ous conputer-inplenented operations involving data

St or eﬂltfuﬂl ]tl?le Y@e@cﬁlﬁ%ér@%&?&?hf qge§@@&9%/eﬁ APO8Re detail for urposes

mput er S ens se operatl ons are those requirin

si.cal ul atian sical quantit .
@Q%’lgpwf Ersttars: Thathbe BPast aESatip ahtiees aud quggifications
the formof electrical or nmagnetic signals capabl e of
ey bg staiced withimlsd esapecdf thembpeanddd ctamparictordingly, the present
ot herw se mani pul ated. Further, the manipul ations

QE5JnERE o © 1 dopBideRtiQk ﬁl‘ﬂﬂstr"aﬁvé FhPndtaesHcipHe Bnd@he invention is
for exanple, produ0|ng i denti fying, detern1n|ng or

ng&% Ién teéiAfn ytheé detﬁ ﬁ{ eg rljil%}elg O gfaal ! | be&‘lﬁieg l[hln tdpe:astcope and
operatlons The invention al so relates to a device or
egyivalnniy oftthe aprendep@piy ni ng t hese operations. The
apparatus may be specially constructed for the

requi red purposes, such as the automati c CAD system
Bhatisehgmedlove, or it may be a 10 general purpose
conputer selectively activated or configured by a
conmput er program stored in the conputer. In
particul ar, various general purpose machi nes may be
used w th conputer prograns witten in accordance

W th the teachings herein, or it my be nore
convenient to construct a nore specialized apparatus
to performthe required operations.
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15 The invention can al so be enbodi ed as conputer
readabl e code on a conputer readable nmedium The

W@ omp9Es7 r eadabl e nediumi s any data storage PEW/SGE04/000085

that can store data which can be thereafter be read
by a conputer system Exanples of the conputer
readabl e nmedi um i ncl ude ha#g%gyi es, network attached
storage (NAS), read- only ‘Qér random access
menory, CD-ROMs, CD-Rs, CD-RWs, magnetic tapes, 20 and
ot her optical an on-optj.cal data,storage devi.gces. .
The cbnputérmth‘ggggf %utﬂgl(ﬁ{l?@}y ERRAHPE & %Og"%q%rt %lﬁ%cﬁfleeségn (CAD)
over a network coupled conputer systems so that the
awipetieg dravdnglabhprisngdhs epesatonadland executed in a

di stributed fashion. 14 WD 2004/ 090757

PCT/ S&004/ 000085 Al though the foregoing invention

has bgapniigsarpRedsing ©dsggt&khewledgo bagi)rthoslesignfknowledge base
clarity of understanding, it will be apparent that

.1 aj pfications nmay be practiced
§§@@?%B?ﬁgﬁgg§§% o?mFﬁ%h%%bended clains. Accordingly,
the present enbodinents are to be considered as
illustrative and not. restrictive, and.the invention is
5 not A YIECAY HPERtiPG e RVINE WE Perieren iy Igige bise and a
may be nodified within the scope and equivalents of
diawirgp peowledge basayshe raring knewiddge dape storimg\yiew properties for a
2004/ 090757 PCT/ S&2004/ 000085 CLAI M5
portion of the plurality of basic part features stored in the design knowledge base; and

automatically generating part dimensions using the design knowledge base, the
drawing knowledge base, and a dimension knowledge base, the dimension knowledge

base storing dimension data for a portion of the view properties stored in the drawing

knowledge base.

2. A method as recited in claim 1, further comprising the operation of

allowing a user to define parameters for the part.

3. A method as recited in claim 2, wherein the defined parameters are stored

in the design knowledge base.
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1. A nethod for automatically generating a conputer
ai ded design (CAD) engineering draw ng, conprising

wo b@4opEsat i ons of : designing a part using a deGI/§6G2004/000085

know edge base, the design know edge base 5 storing a
plurality of basic part features; automatically

gener ati ng ' 1S h i e
base g’nd aA |Fgglrv(\)/|hnég:;Lr ﬁér{}yg\?\? éfal;e(leﬁ%ag’e%h? ﬁezﬂ g%a&w%wp?%ﬁles include
know edge base storing vie roperties for, a ortion i
RomRaiaS il QP IB e e S apiapesngy bitualT b stoTed drawing
desi gn know edge base; and autonatically generating
pat & bagdiopanisfeainse. usi ng t he desi gn know edge base, the

10 drawi ng knowl edge base, and a di nensi on know edge

base, the di nensi on knowl edge base storing di nension

data for a portion of the view properties stored in

the drawing know edge base. 2. A nethod as recited in
claim1, further conprising the operation of 15

all owtng a,u o, defj.ne. r ot.h : .

A nmethod a‘é Iilg{gllo%leeg %ﬁitc 5?%[@‘9&%@%{6% ﬁwee&g%? ig'lhré(fg ta includes
araneters are stored in the design know edge base.

Tioe S03400 YOFPTEISESTL S804/ 000085 4. A nethod as

recited in claim1, wherein the view properties

i nclude geonetric data and rel ationship data defining

a relationship between a stored drawing and a basic

part feature.

6. A method as recited in claim 1, wherein habit data defining drawing
habits of the user is included in the design knowledge base, the drawing knowledge base,

and the dimension knowledge base.

7. A method as recited in claim 6, wherein the habit data includes

information defining user design, drawing, and dimension preferences.

8. A method as recited in claim 6, wherein the habit data includes standard

and non-standard design, drawing, and dimension user defined methods.
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5 5. Anethod as recited in claim1, wherein the
di nrensi on data i ncludes tolerance data and user

w@e@iesEesrte data. 6. A nmethod as recited i n clBETBG2004/000085

wherein habit data defining drawing habits of the
user is included in the design know edge base, the

draw B9 kngw . on %ep %‘S‘%%'i“ﬁg%“g&ﬂe& g 4 &gﬁﬁﬁiﬁgr}eadagle medium, the

knowl édge as recite

wherein the habit_ data includes information defin
cRIBPUIEReRIOgT™ ERnaRieYf, auierRatiiaHE ER AT éfcemﬁteé@deé @esgn (CAD)
A nethod as recited in claim6, wherein the habit data
emgihestiag dedvang ahe computenmogsimasaprisiiesi gn, dr awi ng,

and di nensi on user defined nethods. 17 WO 2004/ 090757

PCT/ SG2004/ 000085 9. A conputer program enbodi ed on a

Cormufn%r r&ﬁ%’cﬁoﬁﬁeﬁir%lgﬁlﬁ% a QAP a ReBBhAMowledge base, the
capabl e of automatically generating a conputer aide

esi |neer| ra onp uter

o iendeia e ST Sb05E s BBRuRy PhbBk Rt BAERR,  Gesi gni ng

a part using a design know edge base, the 5 design

know edge base storing a plurality of basic part

f eat UPEOSTaNpHISHREHADS Aek Juiinatinaly BeRerafiingohpdrt damige using the design
generating a part drawi ng using the design know edge
biesdedgedbae dindvd depvking Mnedipdgbaass, thhdrawviapikngwledge base storing
knOV\A edge base storing view properties for a portion

eSI g&% pEtkig ?&ﬂ ﬁéoﬁfonbéf’ ﬂfénﬂﬁfatht}t BRLUEEDart RERFest 6red the design

kno base,
knowledge base; and
program instructions for automatically generating part dimensions using the
design knowledge base, the drawing knowledge base, and a dimension knowledge base,
the dimension knowledge base storing dimension data for a portion of the view

properties stored in the drawing knowledge base.

10. A computer program as recited in claim 9, further comprising program

instructions that allow a user to define parameters for the part.

11. A computer program as recited in claim 10, wherein the defined

parameters are stored in the design knowledge base.
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10 programinstructions for automatically generating
part di nensions using the design knowl edge base, the

waleawiosgsknowl edge base, and a di mensi on know BC8G2004/000085

base, the dinmension know edge base storing di nension

data for a portion of the view properties stored in

the draw n S . . .
0 oUF e SRR Red o G RREIAT roprie
instructions that allow a usgr to_.define paraneters

mghide rggomsgiric daty andhrelahanshgr dat delinine Astefabionsbyp pefween a stored

claim 10, wherein the defined paraneters are stored
dmawiipamdeshagic gantdedtertge base. 20 18 WD 2004/ 090757
PCT/ SG2004/ 000085 12. A conputer programas recited in
claim9, wherein the view properties include

geoneific daldpnd prekahl SOARiIted GRtRiEeS, Whddeinahe dimension data
relation ship between a stored drawing and a basic

f A3, A ited i
B 6ol e RS R Bt 2 57 el udes

tol erance data and user preference data. 14. A
conmputer programas recited in claim9, wherein habit
data defining draw ng habits of the user is included
in the design know edge base, the drawing know edge
base, and the di nensi on know edge base. 10
14. A computer program as recited in claim 9, wherein habit data” defining

drawing habits of the user is included in the design knowledge base, the drawing

knowledge base, and the dimension knowledge base.

15. A computer program as recited in claim 14, wherein the habit data

includes information defining user design, drawing, and dimension preferences.

16. A computer program as recited in claim 14, wherein the habit data
includes standard and non-standard design, drawing, and dimension user defined

methods.

17. A system for automatically generating a computer aided design (CAD)

engineering drawing, comprising:
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15. A conputer programas recited in claim114, wherein
the habit data includes information defining user

wale®iu@m7sdr awi ng, and di nensi on preferences. 1BCT/$G2004/000085

conmputer programas recited in claim14, wherein the

habit data 15 includes standard and non-standard

deS|gn and di.nensi o net hods.

17 sl atutroes PR ar BT o or

ai ded design (CAD) engineering draw ng, corrprl si ng:

19 WD 2004/ 090757 PCT/ SG2004/ 000085 .a desig

know &edrgeinmkrovdedse hage sfopng VisM RrpPYtichHIE |ad’0Héﬁnt of the plurality of

features; a drawi ng know edge base storing view

wSimeaMﬂeaare{s@forai ipahé¢ desigrofnowiedgel basgl ity of basic
part features stored in the design know edge base; a
di mensi on knowl edge base storing dinension data for a

porti Qﬂnﬁénsidﬁelgi/dvﬂ% gePbRE QK @i%leﬁﬁlgﬁ Qidtd fbrtahﬁortlon of the view
drawi ng know edge base; design logic that allows a .

user .to de art - usi e desi gn know edge base;
HPBWI%“P@B @H}eﬁ]&%’ wingkg Fq%é‘apf‘%? generates a draw ng

of the part using the design know edge base and the

draw ng know edge base; and di nensi on | ogic that

aut ondssigadpgig thas allows eysditorderisomBatt BFing fie desien kuewlegse base;
the 10 design know edge base, the drawi ng know edge

base, and the di nension knowl edge base.
drawing logic that automatically generates a drawing of the part using the design

knowledge base and the drawing knowledge base; and

dimension logic that automatically generates dimensions for the part using the

design knowledge base, the drawing knowledge base, and the dimension knowledge

base.

18. A system as recited in claim 17, wherein habit data defining drawing
habits of the user is included in the design knowledge base, the drawing knowledge base,
and the dimension knowledge base, the habit data being utilized to generate the drawing

of the part and the dimensions for the part.

19. A system as recited in claim 18, wherein the habit data includes

information defining user design, drawing, and dimension preferences.
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18. A systemas recited in claim17, wherein habit
data defining drawing habits of the user is included

w0 poottlogo78esi gn knowl edge base, the draw ng knoREESGH04/000085
base, 15 and the di nensi on knowl edge base, the habit
data being utilized to generate the drawing of the
part and the dinensions for the part. 19. A system as
recited in claim 18, wherein the habit data includes
infornation defining user design, draw ng, and
di men rence 4 074 . .
pCT/ 583004 é“iﬁgg‘ 0 PG e i 44t fmgluflgs standard
wherein the hab|t dat a |ncludes standard and
preshnest-siperard derser], grawing.cand sgmensien wiendefied matkeds.
defined nethods. 21
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