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being worked on can be automatically resized or rotated,

Typically, the user of the CAD system (the "drafter") enters a visual representation of the
object(s) under design into the computer using the interface of the particular CAD system, and
the CAD system stores the object(s) and their associated dimensions in a specialized format. The

15 choice of format used to store the object(s) is not a trivial one. In particular, it is desirable to
easily manipulate the dimensions of an object, and to easily identify and manipulate groups of
related dimension parameters, such as groups of related dimension lines. For example, if one
desires to enlarge the 2x2 square shown in Fig. 1A to the 4x4 square shown in Fig, 1B, one way
to do it is to manually change the dimension and the position of each line in the square. Another

20 equivalent way, supported by most CAD systems, is to specify to the CAD system the four lines



to be nodified, and then to scale the dinension of each Iine by a factor of
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Further, the concept described in Koizum et al, is only applicable to
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non-1|inear dinensional information such as angul ar dinensions. -2 -
modification of the related dimensions. For example, U.S. Patent No. 5,548,706 to

10 Koizumi et al. discloses a CAD system for manipulating multiple, parallel dimension lines. In
Koizumi et al., the CAD operator selects one of the parallcl lines as the "objective dimension
line," and defines a reference point of the objective line (defined as beginning, middle, or end) to
make subsequent changes. Subsequent changes to the objective din.\cnsion line (such as scaling)
are also made to the other parallel dimension lines based on the reference point chosen for the

15 objective line. Systems as described in Koizumi et al. are limited, however, in that because only
one line is defined as an objective dimension line, only a single parametér can be used to
describe multiple dimension lines. Further, the concept described in Kofzumi et al, is only
applicable to linear dimensions while CAD systems often specify objects with other, non-linear

dimensional information such as angular dimensions.



Thus, there is a need for a CAD system net hod and apparatus whi ch provi des
the capability to efficiently _and conveniently dinension and manipul ate
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inventio%%n§§mgﬁﬂgawg o§ﬁ§P %%@HPV“@%scribed'herein, one enbodi ment of the
i nvention is a nmethod of automatically mani pul ating di nension entities of
an object 15 in a conputer aided design (CAD) system each dinension
entity conprising a linear, an angular, or a radial dinension entity and

pr ovi di n§UMMARYIE DHE dNYENTHONg | i near, angul ar or radial dinensions
associ ated therewith, the nethod conprising the steps of: a) form ng

chai ns of relRiegstitiPahtiornis @gysdm addéBsd fortifMingZRd repiésomi diMcinkti es to
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the dinension entities in a selected chain suc Ification of a
subsequelrglt

the following description and will also be obvious from the description, or may be learned by
practicing the invention. The advantages and purpose of the invention will be realized and

10 attained by means of the elements and combinations particularly pointed out in the appended
claims.

To obtain the advantages, and in accordance with the purpose of the invention, as
cmbodied and broadly described herein, onc embodiment of the invention is a method of
updating dimension entitics of an object in a computer aided design (CAD) program, cach

15 dimension entity having coordinate data. The method includes the steps of (1) forming chains of
related dimension entities; (2) sequentially recalculating the coordinate data of the dimension
entities in a selected chain such that a modification of a subsequent dimension entity in the
selected chain is influenced by modifications to previous dimension entities in the chain; and,
and (3) regenerating the entities on a computer display based on the modified dimensions.

20 Other embodiments of the present invention define a computer system executing a

program in accordance with the present invention, a data structure storing dimension information
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di mension entity in the selected chain is influenced by nodifications to
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accor dance mﬁ%%g?he pr esent ﬁnventlﬁﬁ}A dat itructure s o#?%%hgﬁﬁension
I nformation in accordance with the present invention, and a conputer
program stored on conputer-readable nedia for inplenenting the nmethod 30
of ‘the opbodl ROl FEPRSER ilvinddICalt L BhiRs PRLAN 3004 o Dorkidri-GldbiRE. L T e
I's provided a conputer "system conpri si ng:" -3 processi ng nmeans adapted .
to define an_object by form hain of related.linear, angul ar, or
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descri bi ng di mensi ons associated with said dinmension entity, sajid
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by 5 repetitively conparing the dinension entities to one another, and
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di mension entities in the formed chain such that a nodification of a
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previous dinension entities in the chain; a display device, coupled to said
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object fromsaid chain o | mension entities,;

systems; (3) forming angular dimension entity chains in the local coordinate system; (4)
{orming linear dimension entity chains in the local coordinate system; (5) regenerating the
coordinate information of the entities in the local coordinate system based on the formed angular
10 and linear dimension entity chains; and (6) transforming the regenerated coordinate information
in the local coordinate system to the global coordinate system. A related embodiment is a
computer program stored on computer-recadable media for implementing this method.
Both the foregoing general description and the following detailed description are

cxemplary and explanatory only and do not restrict the invention, as claimed.

15
BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate several embodiments of the invention and, together with the description,
serve to explain the principles of the invention. In the drawings,
20 , Figs. 1A-1D are diagrams illustrating scaling of a 2x2 square;
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a nenory, coupled to said processing neans for storing said chain of

rel ated dinension entities. Both the foregoing general description and the
fol | owi ng W*${5P€8 description 15 are exenplary and explecEtsssposan! y and
do not restrict the invention, as clainmed. BRI EF DESCRI PTION OF THE

DRAW NGS The acconpanyi ng draw ngs, which are incorporated in and
constitute a part of this specification, illustrate several enbodi nents of

t he i nventi onFgnajs a dguktdiagrar® 6f an axemplathengase sysfEm anwhisk thegrdsentexpl ai n t he
pri-nci pl es of the invention. In the draw ngs, Figs. 1A-1D are di agrans

i |1 ustrativegtisicay Rdnplenn®d? square; -4- Fig. 2 is a block diagram of
an exenpl ary conputer system on which the present invention may be

i mpl enent ed;  Fjg93 is3 blSckadidief kiSRG, AR méﬂ-w%&nrraﬁauem&ﬁ SHeAl3 of £¥8D
functi onal conponents of a CAD software System construc?eé according to the
present inyention: 5 Figs., 4A-4C. are.diagrans illustrating the
f undanents?aq(wﬂlc ﬁ’gsﬂdgf o émlﬂcslcéid-1 ¢ %/rdlgg%&?}c g%‘f"gfﬂvc'glo&s. 5A-5C arc di agrans
illustrating Linear dinensions, defined according to the present invention;
Fig.96A is a #itadraft arclinesynsiiiesirstiag he dendamoniplglimensions uesd byiafedD def i ned
according to 10 a feature of the present invention;

system;

Figs. SA-5C are diagrams illustrating lincar dimensions defined according to the present
invention;
Fig. 6A is a diagram showing a CAD object having dimension lines defined according to
10 a feature of the present invention;
Fig. 6B is a diagram of the CAD object of Fig. 6A with modified dimensions;
Fig. 7 is a flowchart illustrating grouping dimension lines into chains;
Figs. 8A-8C are diagrams illustrating angular dimension defined in accordance with the
dimensioning system of the present invention;
Figs. 9A-9E are diagrams illustrating entities defined with the dimensioning system of
the present invention,
Figs. 10A and 10B are diagrams illustrating chained angular dimensions defined in
accordance with the dimensioning system of the present invention,;
Fig. 11 is a diagram illustrating a radial dimension defined in accordance with the present
20 invention; and

Figs. 12A and 12B are diagrams illustrating an object defined with radial dimensions;



Fig. 6B is a diagramof the CAD object of Fig. 6A with nodified di nensions;
Fig. 7 is a flowhart illustrating grouping dinension |ines into chains; .

Fi gs. 8A—8@@5,ﬁ53q%]@grans illustrating angul ar di nmension de{,&f/%g%im@ 47
accordance wth the di nmensioning systemof the present invention, i

Figs. 9A-9E are diagrams illustrating entities defined wth the
di mensi oni ng system of the present invention; Figs. |OA and 10B are

diagrams illustratin i ned anqul. ar _di mensi gns_ def | i ance with
t he di nensi o ‘ﬁb(ﬁéé‘g‘éﬁ%f‘m{%ﬁ@rﬁggé@éshf“"igrﬂ/lgﬁf"l%gﬂe;mﬁ%%@f[‘ #gﬂg&g{tggr am k
illustrating a radial dinension defined in accordance with the present 20
i nvent i omnguindndingar dimemsiend 12B are diagrans illustrating an object
defined with radial dinensions, Figs. 13A and 1 3B are di agrans

i Ilustrating Rigs.hnesd th are fisivoimats ilbisira i tidedperadon ofi thdpaxsrgeltiadingnsionipgear

di mensions; Figs. 14 and 16 are flowharts illustrating the operation of

t he par agﬁg,{g&cgamgrl@{h@@}@g,(gﬁgﬁtm; agcording to the present invention; and
5 Figs. 15 A and 15B are diagrans used to illustrate | ocal
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DETAILED DESCRIPTION

Reference will now be made in detail to the embodiments of the invention, examples of
10 which are illustrated in the accompanying drawings. Wherever possible, the same reference
numbers will be used throughout the drawings to refer to the same or like parts. For the reader’s
convenicnce, Table [ (located at the end of this section of this disclosure) summarizes the
definitions of certain terms used in this disclosure.
This disclosure describes a CAD system through which a drafter can casily enter
15 dimension entities that describe components of the entirc CAD object. The components of the
object may be simple geometrical entities (e.g., lines, arcs, circles, text) br more complex
components defined as an aggregate of simple entities, such as two-dimensional or three
dimensional objects specified to a particular application (e.g., a steel beam, a mechanical part, an
electrical component). The dimension entities entered for the components may be either linear,
20 angular, or radial, and for each dimension entity entered, the drafter defines a reference origin

having a direction, in addition to the normal dimension information, By virtue of the added



nunbers wi Il be used throughout the drawings to refer to the sanme or |ike
parts. For the reader's convenience, Table | (located at the end of this"’
section of MOMES3Esc| osure) summarizes the definitions of REIULHBN0BI B
used in this disclosure. This disclosure describes a CAD systemt hrough
which a drafter can easily enter 15 di mension entities that describe
conponents of the entire CAD object. The conponents of the object may be
si npl e gdmeation iMfdrmatidn, Bivery domptex, nelwonlest, related dimadbios katities amkthgiror nor e
conpl ex conponents defined as an, aggregate of sinple entities, such as
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application (e.g., a steel beam a nechanical part, an electrical
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the drafter defines_ a reference origin having a direction, in addltlon to
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information, a very conplex network of related dinension entities and their
cor riespode syplcd tywoeestor 862 (hrugh adan2@e Kocrgdoy 2@icfeichesctoarpdicemsirdoyionndi f i ed.
Fig. 2 is a block diagramof an exenplary conputer system 200 on which the

present [rBimeRdmd 20Bhdseduid ligeRh&reon{pRFP Hs@lctis XS 1883200 20 AL LSS ddta
processor 202 and a nenory 5 204 coupled to processor 202 through a bus

206. Proggasel witk dtﬁt&h%ﬁ,oépma%&tcdd@a&tttttdtalgﬂna s ns?mtggggt; 52610

executes the fetched corrput nstructions roce SO rea s dat a
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recel Vesbtgai[O% ﬁ%pndon%%ﬂnro?c! co?rltp%{]celmspug Eervﬁ:léls 5130 in accordance with fetched and executed
10 computer instructions.

Memory 204 can include any type of computer memory, including, without limitation,
randomly accessible memory (RAM), read-only memory (ROM), and storage devices which
include storage media such as magnetic and/or optical disks. Memory 204 includes a computer
process 210, which executes within processor 202 from memory 204. A computer process is a

15 collection of computer instructions and data that collectively define a task performed by
computer system 200, Computer process 210 may be, for example, a CAD program including a
dimensional system operating in accordance with the present invention.

Computer output and display devices 220, shown as a cathode ray tube (CRT) 222 and a
printer 223, may be any type of computer output device, additionally including, without

20 limitation, a light-emitting diode (LED) display or a liquid crystal display (LCD). Each of

computer output devices 220 receives control signals and data from processor 202 and, in



bus 206 fromone or nore conputer input devices 230 in accordance with
fetched and executed 10 conputer instructions. Menory 204 can incl ude-
any type ofwagmgsudoer nenory, including, wthout |imtationpefasaRney
accessi ble nmenory (RAM, read-only nenory (ROM, and storage devices which
i ncl ude storage nedia such as nmagnetic and/or optical disks. Menory 204

i ncl udes a conputer process 2101 which executes within processor 202 from
menory 204. A conput process I,s a. 1l collection.of co ter .
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system 200. Conputer process 210 may be, for exanple, a CAD program
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i nvention, Conputer output and display devices 220, shown as a cat hode ray
t ube (CRT) 22Useainguideyicehii iy spad as akgytiverd23y and/pmousde 23 drmaxt teranp tipp of
device, additionally including, wthout 20 limtation, a light-emtting

di ode ( L&doy ingutsqelviay, additiandllydncieting, ysthedt lishigpbg i nGneil) keypsad; ndd paairgut er
out put devi ces 220 receives control -signals and data from processor 202

and,s i N ddkice such dsQSTACKERE, ﬁ%ht;%fl,ctbu&f)é}hiiﬁ% z,faugagihéinv%ﬁ:ahmﬁ% fhcchl bt s the
recei ved data. Conputer output devices 220, and the control thereof by

processor éo , palie ent i . i nput devi ces E30 sha as .a
keyboar 0¥3Y %'arll: géhaoflr'g%\é%pu%g%{?&ﬁﬁfln%iag&aswg# %@Spé’f‘scdg & yﬁl%bwm\é@eﬁlo&&y a
additionally jncluding, without limtation, a nuneric keypad, and a
poi nt i ngUssr and traggmitthose sypnalsdhrgugh bus RAG 10 progepsgreWen, t ouch- sensi ti ve pad,
digitizing tablet, thumb wheels, or joystick. Each of user input devices
gener at es si grial 3isiablock djpgrageillvsiragihg the high-leveh fynatienal aompoyiergs of a CAD
software system constructed according to the present invention. An operating system 302
10 interfaces application programs, such as a CAD program 304, with the hardware of computer
system 200. CAD program 304 may be visualized as an aggregate of a number of software
routines, including a user interface routine 307, which defines how the user will input
information to the CAD system. User interface 307 allows the user to enter drawing entitics
(lines, shapes, etc.) and a corresponding dimension of each drawing entity (i.c., a dimension
15 entity), in accordance with the dimensioning scheme of the present invention. The entered
dimension entity is preferably stored in a data structure such as data structure 306.
Data structure 306 includes, for each dimension entity, a number of sections, such as:
origin section 312, which may identify the origin as one of a “‘start,” “middle,” or “'end”; a value
section 313, which stores the value of the dimension; a reference section 314, which references

20 the dimension to the entity being dimensioned; and a coordinate data section 315, which stores

the spatial location, in either two or three dimensions, of the dimension entity. Value section 313



user and transmts those signals through bus 206 to processor 202. Fig. 3
is a block diagramillustrating the high-level functional conponents of a
CAD sof t waWe 98832&m constructed according to the present irOTAUH98/00847 AN
operating system 302 10 interfaces application prograns, such as a CAD
program 304, with the hardware of conputer system 200. CAD program 304 may
be visualized as an aggregate of a nunber of software routines, including a
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Data structure 306 includes, for each dinension entity, a nunber of
sect i ons,exgpisdordspangid’gi N section 312, which nmay identify the origin as one
of a "start,” "mddle,” or "end"; a value section 313, which stores the
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dimension to the entity being di nensioned; and a coordi nate data section
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"hci ght " RERMYIEmgRTInRgrngine 388 arplyzrethe digeasion eities fpfetgrmmne related chains

of dimension entities, and then recalculates, or regenerates, the coordinate data for each of the

10 related dimension entities in the chain.

In a preferred embodiment, the invention is implemented on a Pentium based computer
system using the Microsoft Windows NT operating system. Further, the dimension entities and
the parametric dimensioning engine according to the present invention are preferably
implemented in software as an enhancement to the AutoCAD CAD system.

15 The fundamental dimensions used by CAD system 304 to describe objects are linear,
angular, and radial. The size and location of geometrical primitive entities, such as lines, circles,
and arcs, can be defined by linear, angular, or radial dimension entities or by combinations of
them. As shown in Fig. 4A, an object 400 is constructed of eight lines, each with a set dimension
(i.e., its length). In creating object 400, the drafter has specified object 400 with a number of

20 dimension lines. Dimension lines 401, 402, and 403 fix the vertical (y) value of the points they

reference, while dimension lines 408, 409, and 410 fix the horizontal (x) value of the points they



5 A paranetric dinensioning engine 308 contains algorithns, to be
described in further detail below, for operating on the dinension

i nfornati ogyg gyd@ha structure 306 and accordingly alters t ate
data of the dinension entity and its referenced draw ng en {ﬁﬁ&%foﬂiﬁ

Specifically, paranetric dinensioning engine 308 anal yzes the di nension
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the paranetric di mensioning engine according to the present invention are

pr ef er ablopjectqP0ARBRNKRE itk Hintedbibhakicialy dafincdrWianCamekion line] 5ahduliné/AayCAD
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each with a set dinension I.n creatl ng ect 400, the
drafter %c@t?éé'inﬁl‘MCWP%‘@ESP%WWVNHC aftﬁa%@ﬁs'@f linege.g., 30) ?P§fdd‘ﬁ“¥ i nes.
D nension lines 401, 402, and 403 fix the vertical (y) value of the points
t hey ref alerindicating where dhadmehsim lhfoneanoaeaqulm@plmddTuqd)nfenswn tiee, leaddrzont al
(x) value of the points they 9 reference. Line 405 of object 400 is

defined hjsejibR, @1ddoftdinatedathGScdibéttivelyl rpfearBdltod 4 dimkehsipr eatitwhi ch in turn
depend on the value of dinension lines 401 and 408. Note that not every
line in Fig. 4B illustrates angular dimensions. Unlike the lines of object 400, shown in Fig. 4A,
10 which are exclusively specified based on points defined by linear distances between one another,
dimension entities describing the lines in object 420 also include information about the relative
angular positions of the lines.
Fig. 4C illustrates radial dimensions. The radii of arcs 431, shown in Fig.. 4C, are
defined with radial dimensions. That is, cach arc is specified as having a certain radius (c.g., 25)
15 defined to extend from a point. Radial dimension entities contain information relating to the
radial dimension line, such as line 433; the origin of the radial dimension line, such as origin
434, and the value of the radius, such as value 435,
According to the present invention, dimension entities describing components of CAD
objects specified with the fundamental dimensions shown in Figs 4A-4C additionally include a

20 reference origin. The reference origin allows the geometrical variation of groups of related

dimension entities, and their associated object entities, to be controlled.
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obj ect 400 nmust have its dinension explicitly defined with a dinension
line, as thcsc lines nay be defined relative to the end-points of other B
lines. 5 WO98/53429 Each di mension |ine has associ ated wi t hPCT/US98/K8847 uct s
such as the |l eader lines of the dinension line, the text that displays the
val ue of the dinension line (e.g., 30), and coordinate data indicating
where the dinension informati on should be placed. The di nension |ine,

| eader |ine, Lg¥irdinadionealitdsiabeotRbe with BOplegt invaltion hrfspedifa ds(haﬁﬁ%
di mension entity. F|g 4B illustrates angul ar dinensions. Unlike the lines

of obj ect, réeranc%rx] g El' tﬂT St o&mp mid- 'F 2 ?nt%}(meld%%gio lfﬁpeﬁ'g[u’c?d

0
based on points I ne dl st gnces en one anot di"mensi on

entities Cri thell ect 4 o includ G orrratlon about
the rel aé?{o@oasfgiﬁ ﬁwst&sgﬂc Resraimeisen pib e vtf?a!wesm et gy, o

di nensions. The radii of arcs 431, shown in Fig.. 4C, are defined with

radi al dippshigifagSA, Fhe midspointiaFiga S8, and at hecnd-peiat indih4Ci ng a certain
radius (e.g., 25) 15 defined to extend froma point. Radial dinmension
entigies cont Bimenkioh Gibet00, ShowreindRig. 5@\, has d BRrehacldridin SH2andail@igt vahe,D.such as
line 433; the origin of the radial dinension |line, such as origin 434, and
the val ug, glodiichagh tH@grc%?ﬂv&ﬁlo\ﬂqthEiaﬂ@énnc%ﬁp»(lﬂl fafrdride Bh‘ﬁn BOERRINT

invention, dimension entities describing conponents of CAD 0bjects

?ggfh;;egcr\é\%’{ cuﬁar?o {hu Iarrgc% ?{hc%n@n%n mcé,fSEOWn as eplanlgl589 s czﬂcé &"\c%d cns:o%nal Ly

&rence or i eren
geonetri rlatlono ro ps of reI d dinension entities, andthelr
associ at H‘:%‘B cEce BiRRS: tllﬁ %’g: C%‘é‘"‘éf’ﬁh‘t"’r%ﬁ Qgpostte grsi.o of dimension lin 500 and

perpendicular with dimension line 500 is called the dimension line's variable plane.

10 Modifications to the length D of the dimension line are performed by extending the line in the
direction of arrow 508. That is, changing D changes the position of variable planc 510, while the
position of reference origin 502 remains fixed. Arrow 508 is a purely symbolic representation
for the “direction™ of the origin, thus allowing the drafter 1o casily visualize the refercnce origin.

Fig. 5B is a diagram illustrating a dimension linc 512 defined in a manner similar to

15 dimension line 500, but with the reference origin defined at the midpoint of the line. As
suggested by arrows 514, modifications to the length D of the dimension line are performed by
extending the line both to the right and left, each for a length of D/2. Plane 516 is the reference
plane of dimension line 512 and planes 517 are the variable planes of the dimension line,

Fig. 5C is a diagram illustrating a dimension line 520 with a reference origin defined at

20 its right-most end. Dimension line 520 is similar to dimension line 500, except its reference

origin 522 is defined at the end of the line opposite that of dimension line 500, and its direction,

-11 -



Li near dinension entities in accordance with the present invention are
specified as having a refercnce origin at one of the start-point,

m d- poi nt, wa 9ge3azepoi nt of the dinension line. Figurcs 5A {,@fdg?waoﬁg: -
illustrate such |linear dinensions with the rcferencc origin defined at tilc

start- point in Fig. SA at the md-point in Fig. SB, and at the cnd-point
in Fig. 5C. 5 D nmension |line 500, showmn in Fig. 5A, has a

reference,_origin 502 and,a.l ength value .D. Ln accor.dapce with the present

i nventi oﬁ},wvf"h@' %To%égcgia#gi’?igﬁt%pwsftﬁd‘r"ﬂ:flg?'elh%enﬁlpi‘ BF%%&W&%& rﬂ%’?‘bcgndi cul ar
to the direction of .the dinension |ine, shown as plane 506, is called the
di mensi oRlane A&6 wdvgfighleplat M%ne. Pl ane 510, coincident with the opposite
end of dinmension |line 500 and perpendicular with dinmension line 500 is

cal | ed the di riizsefeiably, thi refersnog arigiab hmd diteatians stidvn in Figeb s H5Com¢ assigacd by thhe

| ength D of the dinension |[ine are performed by extending the line in the

di rect i orir4fler ¥hérothe BidiEnsidhadtity B,defilad Qidafioka B AN@Agh teh@criRe plahésaRd Of
vari able plane 5 10, while the position of reference origin 502 remains

fi xedl.  ALGAMICAGS ScheicallY SWARR Figs. SABESRERDRNEAN: Ianlk et | 01" Of

the origin, owmng t ter ' to easily visua e reference

origin. Fig 5Bis a diagr iLlustrating a dimepsion line 512 defined in a
nmanner sid?#‘io ufcﬁﬁlls@ay asqﬂﬁﬁ:%cﬁgﬁfﬁ’[l“?c mg'?fff’,"‘ b‘iJ’ttn?/\ﬁ'“?%'Fhéndr@f'éwéﬁ Sorigi n
defined at the mdpoint of the line, As suggested by arrows 514,

nodi f i catareorectivsly he extalsipniof thedeaderincgipyhoh Biepaga. i Additionally, defesnhical by
extending the line both to the right and left, each for a length of D 2.

Pl ane 5 hGoivs stidwa in Efpsr o theoygh aCalootot nicamadly havd tb be piobRiaiyntpesandondie’ ar e
the variable planes of the dinension |line. Fig. SCis a diagram

i 11 ustrathpguer dig@nsion line 520 with a reference origin defined at 20

its right-nost end. Dinension line 520 is si.mlar to dinension |ine 500,

?ﬁg?& E) ; i E“S éﬁgﬁ%wﬁﬁﬁfd?%pn%ﬁn%ﬁb@slqg{:%oga% cl:eg\&ift;[ Jﬁ@ pr%ch\t %fvcrgln?\, \lavi\ic FinckBe site
the above described origin information, may be chained together to form groups of related linear
dimension entitics. Chained linear dimension entities and their associated objccts may be
quickly and uniformly modified by the parametric dimensioning engine 308 with a single
command from the drafter. Accordingly, dramatic dimensional changes can be made 10 a CAD

15 drawing or model without requiring the drafter to manually modify each entity of the object.

Chaining of multiple dimensional lines, and the subsequent modification of a drawing or
model made up of components dimensioned with multiple chained linear dimension entities will
now be illustrated with reference to Figs. 6 and 7.

Fig. 6A is a diagram showing an object 600 and its horizontal dimension lines 601, 602,

20 603, 604, and 605. These dimension lines have reference planes 620, 621, 622, 623, and 624,

respectively, and variable planes 621, 622, 624, 625, and 626, respectively. The dimension
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shown by arrow 528, is also in the opposite direction. Dinension |ine 520

i ncl udes reference plane 526 and vari abl e plane 529. Preferably, the .
ref erence wWO98EM9 and directi ons shown in Figs. 5A-5C arc ryrisggendsdy t he
drafter when the dinension entity is defined. Additionally, although :
rcfercncc planes and 5 vari abl e planes are graphically shown in Figs.
5A-5C, these planes arc actually represented on the conputer display as the
| eader | ' ' . 8, hencs nd {-abl .anes are
of tect i valtopnen biife piTBRaiseRon b dhun ty Wik RloRiGREROPBH, KRR TR B
Additional |y, the graphical. arrows shown in Figs., 5A through, SC. dq not
necessar iaP‘f/X‘ Gien ?fgeag]gd'ﬁicﬁst‘%'} 'i"ﬁ$')}5‘d‘|"éﬁli'°é‘§‘eﬂﬁwggﬁb¥ H’é“EBWf)g'leFCHF'Q?ﬂ ay. 10
Li near dinension entities defined in accordance with the present invention,
whi ch i n®Bi%de the above described origin information, may be chai ned
together to formgroups of related |linear dinension entities. Chained

| i near di mensDomensiohiliness®a602, aridei03 havsiheir atigids definetatshawesyarh dingGxhasy and
uniformy nodified by the paranetric dinmensioning engine 308 with a single

conmmgind fis @ﬂ%’hh@ﬁ&ﬂ%ﬁ fteénd; AR G0N Bhsits AT RTThEd AiiERigioanalA dhemasdinean be
made to a CAD 1 5 drawi ng or nodel w thout requiring the drafter to

manual |y w&qgwe&%ﬁin@mwmgélrfdlﬁrn&[sfmhﬁsgmgn mepilmrcpémg}%\hg iplﬁgaghmnsi onal

| i nes, and the subsequent no cation o raw ng or e up of
conponent s . dj nensj.oned with nmultipl.e chained Linear dinension entities wll
now be i I"f”&i‘s‘b‘? “aat“éh‘c\ﬁfaf‘ﬁ\%%‘f’g‘rt'éﬂgﬁﬁ o lﬁ—'feg‘g 1s Ga’éﬁl?g‘ P?‘.mﬁ incgdkn} Witha i agr am
showi ng an object 600 and jts horizontal dinension |ines 601, 602, 20

603, 604 refarsaceqire ofprother dimansian Hpe. | Harexampleas shomaria fige 64| tipxariagleplango 1
622, 623, and 624, respectively, and variable planes 621, 622, 624, 625,
and 626, of dsyeasion lied 601 (iheplatieri@h)is omincidd? with the reference plane of dimension lines

10 602 and 604, the variable plane of dimension line 602 (plane 622) is coincident with the
reference plane of dimension line 603, and the variable plane of dimension line 603 (plane 624)
is coincident with the reference plane of dimension line 605, Because the reference plane of
dimension line 601 (plane 620) is not coincident with the variable plane of another dimension
line, dimension line 601 is the head of the chain and its reference plane 620 is called a fixed

15 plane.

Parametric dimensioning engine 308 is capable of grouping dimensional lines into their
respective chains even when no information is known a priori about the inter-relationships of the
dimensional lines, Fig. 7 is a flowchart illustrating such a process. A dimension line with a
reference plane that is not coincident with a variable plane of another dimension line (i.c., a

20 dimension line with a fixed plane) is located and selected (step 701). If the variable plane of the

selected dimension line is coincident with a reference plane of a seccond dimension line, that
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information in the vertical direction is given by dinension |ines 630, 631,
and 632. The origin and direction of each dinension in Fig. 6A is shown .

gr aphi cal lygohysishse arrows with a circular basc. Dinension J| 602,
and 603 have their origins defined at their start; | ine é%%ﬂﬁ%%@§}7 its

origin defined at its end; and line 604 has. its origin dcfined at its

m dpoint. A dinension line is considered "chai ned" to another dinmension
line when either its reference plane is coincident with the variable plane
of anot Hesondidireansion fing isrfistepingd to beay child" dinp indthechain of Simensipsaklings (stepa

ref erence plane of another dinension |ine. For exanple, as shown in Fig.
6A, the Manndi4g. dhankildlineds themsdt anthk iselect@Ddiménsian. line phdistepsc’D2 throegh
coincident with the reference plane of dinension Iines 10 602 and 604,

the varizbhe ppeaie. T delérfmitsliRe didesi@iZnc(chhind) éheGratesd showRimEgdERt Wi th the
reference plane of dinension line 603, and the variable plane of dinension

l'ine 603’?&%%22% chaﬁimicﬁsi iirﬁ%iﬁx%xc\‘i‘gﬂ%?.t §ﬁdi[igﬁaﬂg,ﬁd?ﬁ?|9nsmnaéﬂ§in?£ﬁr‘Jitm’?ﬂ%i on

line 60 e reference plan I mensi I ne 601 ane 620) is

.coingid ith.th i abl. f h [ i, | i di [
Tnd”sopmeehataadienr ¢ Bl SaRd e PR Bt P AR Bat il o o

fixed 1 5 _plane. Paranetric dinensioning engine 308 is capabl e of

gr oupi nd’ckfr’ﬁ’éﬁ%i onal lines into their respective chains even when no
information is known a priori about the inter-relationships of the

di mensi onal [Oneethe sfEitgn hs determintd thechmedt dinjdnsion Had dhaips,witbér veitiphovethsd A
dinension line with a reference plane that is not coincident with a

vari abl efFigner bf stargd the feldlionEnisfontationAit (S enered & tROdrafier, sl sr08Me @Nthki Ne

with a fixed plane) is |located and selected (step 701). If the variable
pl ane Ofdir‘hgﬁ%io_n lines in a chain can be modified by the drafter, and the changes automatically
10 implemented and reflected in the whole chain by parametric dimensioning engine 308, The
parametric dimensioning engine sequentially steps through the modified chains, beginning with
the dimension line with the fixed plane, and recalculates the coordinates of the entitics as
appropriate. Child reference lines have the coordinates of their origins automatically recalculated
because they are defined relative to the variable plane of their parent dimension. The
15 coordinates of the drawing entities containing the dimension lines and coordinates of the entities
referenced by the dimension entities can then be mapped from the old dimension planes (i.e., the
planes prior to the dimension parameter being changed) to the new dimensional planes. The
regenerated network of entities is then redrawn on the computer screen.
The dimensional network shown in Fig. 6A will be used to illustrate the recalculation of a

20 dimensional nctwork by parametric dimensioning engine 308. Assuming the value of the fixed

reference planc 620 to be zero, plane 621, as shown in Fig. 6A, has a value DI. The two variable
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selected dinension line is coincident wth a reference plane of a second

di nension line, that - 13 - second di nension line is determ ned to be a..
“child" |ieOP§S3Me chain of dinmensional |ines (steps 703 EREH/UPGRMN0847The
child line is then set as the selected dinmension |ine and steps 702 through
704 are repeated. To determne all the dinension Iine chains, the process
shown in Fig. 7 is repeated for each dinension line with a fixed pl ane.

Addi t i onadikaes ofdifRASEMANIIKNEI4NBVE (& vallié €D NBYR) Bnd (D 14BN TheRartublegiiretdf ons,
such as for lines 631, 632, and 633, in Fig. 6, may be independently

det er m ne@l{,ﬁ%qi,{ch%mﬁﬁgggmt Glafle THA)! {fd ghae 624 hascthddbdd on | i ne

chains, either wt od of Fig. 7 or by storing the rel ati onal

| Tnos 1 n GleR3rhby Sl boRah n e TRE BRIl CRhRE Wuhgdefla ™ e o

automatically 10 i mpl ement ed and refl ected in %Pe mhﬁée chai n by

par anet r i wodilnRh s orrvnleen YT oy thepesitinirod plangs @4and 845 iEHRIHGS engi ne
sequentially steps through the nodified chains, beginning with the

di menssi onddpewdenvant D3, voald ¢heegk. pl ane, and recal cul ates the coordi nates of
the entitics as appropriate. Child reference |lincs have the coordi nates of

their origins Butspbiuatdsloyjctso] sholvaieBighec atgacraite indedradafalioatc vabat i ve
to the variabl e plane of their parent dinmension. The 15 coordi nat es of

t he draw ent i td L 04 i ian: 1 eSS : i f the
ot t1 oo DRMERIEDERE B liRg detfodh RSl My BRGARdufiEl Soul] |
| anes ior to,the.di nen ranet er

bei ng. Chadaeh bb ant W Cirattl ARG RAF Al dNBEyCr AL, gt R AR of
entities is then redrawn on the conputer screen.
values using morc complex expressions. For example, the drafter may define D1 as “A,” D2 as
10 “A” plus “B,” and D3 as two times “A.” By modifying the parameters “A” and “B,” new values
for D1, D2, and D3 are determined. Accordingly, the drafter does not have to edit the individual
dimension entities to introduce changes to the CAD drawing or model.
Although the examples of dimensional chains described so far have had their reference
and variable planes all located in a single oricntation in 3-D Cartesian space, different
15 dimensional chains may have their planes located at different orientations in 3-D Cartesian space.
For example, in Fig. 6A, the reference and variable planes of the lincar. dimension entities
defining horizontal dimension lines 601, 602, 603, 604, and 605 could lic ata different
orientation then the reference and variable planes associated with vertical dimension lines 630,
631, and 632.

20 When handling the mapping of entitics within an object having chains of mixed

orientation, parametric dimensioning engine 308 simply transforms all entities to the space of
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The di nensional network shown in Fig. 6Awll be used to illustrate the
recal cul ation of a 20 di mensi onal network by paranetric di nensioning
engi ne 308wo’msugmong the val ue of the fixed reference pl anecté$sioesbe zero,
pl ane 621, as shown in Fig. 6A, has a value DI. The two variable - 14-

pl anes of dinmensional |ine 604 have the value (DI-D4/2) and (D1+D4/2). The
vari abl e pl ane of dinension |ine 602, plane 622, has the value (D +D2),
and plane 624 has, the val ye (DL +D2+D3)., Pl ane 626 has the. val

(DI +D2+D§3T§331‘.‘““I prior PdF“gSk@Hﬁig 8% ‘h?‘ﬁﬂ'“lfg%?“ﬂng%*"i‘ﬁ‘s A ?@‘hb?\{%éelég“n"ervb’“\?al ue,
say DY, only the position of planes 624 and 626, the pl a_ne? 5 dependent
on D3, woukwreplanegevill B gansbmmeq tohair nemelgcasion atier terogcalcabiph basbeed g, 6A,
regenerated and redrawn after the values D through D8 have been nodified
as shown.peHoimedlionnllities dhyins.t Ieordistaciss wsullingfeony ahwasnahomflidting HingmsiodA and
613 are sinple nunmeric constants, however, the drafter may define the

di mensi o G 2@ [IBIvEPBYRIhE PAFR i BMRINGISRIh Bfrinel & cxplaAiER betowtiigy dr af t er

may defi rrlhéé/ tél"é asa A" VD2 y:ls ﬁo '(':A" SI us Qgﬁ,}n and as two tinmes "A"

By di fyi t he paraneters "A" and "B," new values for DI, D2, and D3 are
o sl e

det ePni nd8 e REEBFE A1y, the drafter does not have to edit the individual

di mension entities to, introduce, changes. to the CAD.draw r m)deh;
Al t hough the dgdstriged @Pvelﬁwgaaérrewaaoneht&r%ec@@wﬁ“tj%oaf?d&?aﬁmw ad their
reference and variable planes all located in a single orientation in 3-D
Cart esi arsisplaaed cativérfientyrmodified, anddhemadifioniahs atematisaliyapplied e hadrins pl anes
| ocated at different orientations in 3-D Cartesian space. For exanple, in
Fig. 6A [hrddahasRhefitRsdnd/dt cabdspordingr®sD eémpdrentk.i near di nension entities
In addition to linear dimensions, in accordance with the present invention, angular
10 dimensions and radial dimensions can be defined and manipulated. In a manner similar to linear

dimensions, angular dimension entities in accordance with the present invention are specified as

having a reference origin at one of the start, mid-point, or end of the angular dimension. Figs.

8A through 8C illustrate such angular dimensions with the reference origin defined at the start in

Fig. 8A, at the mid-point in Fig. 8B, and at the end in Fig. 8C.,
15 Angular dimension 800, shown in Fig. 8A, includes a direction, shown by arrow 808 and

a start origin, shown by reference plane 802. The position of its variable plane 803 changes

according to the angle A. Unlike the variable and reference planes defined for linear dimensions,

which are paralle] for any given dimension, the angular variable and reference planes will

intersect. Angular dimension 810, shown in Fig. 8B, is an example of an angular dimension with

20 an origin at its mid-point. Each of variable planes 812 are formed an at angle (A/2) with

reference plane 814, Angular dimension 820, shown in Fig. 8C, is an example of an angular
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defining horizontal dinmension Iines 601, 602, 603, 604, and 605 could I|e
at a different orientation then the reference and vari abl e pl anes

associ at edw a/s3¢29rt i cal di nmension |ines 630, 63 1, and 63BcT/R898/00847

When handling the mapping of entities within an object having chains of

m xed orientation, paranetric dinmensioning engine 308 sinply transforns all
entities to the space of - 15- each chain prior to recalculation of

their W@ﬁﬁé{ngn%th’%ﬂ%n?ﬂiaghfddy |10 AP ikl snbﬂ.'%ﬁ)r wh b'hQ{'aR: eréliE

e
pl anes e transfo o therr new oca ion arter the recalcu atlon

has been rformed, on l. t.he chain L nconsi_skenci e sultj.ng fr.omone or
mor e conf BV AL Ih SIS0 Rt ARG PasrrLlebl el BRALHET: o

di mensi oni ng engl ne, as explained belowwith 5 reference to Fig. 16. As
descri bedyatievd26,/is pragsitakfikaditcshoneshown b grreNsBPhi ng entities of CAD obj ects
may be sinply and conveniently nodified, and the nodifications

aut omat i cal | y Mapplyipedoftentitidsenaytridescribéd b}eiuﬂtmnﬂilmmgnherhmdat arelsanguldr t he
correspondi ng CAD conmponents. In addition to |inear dinensions, in

accog dangg,isiol chiifes BF@\%%FHScdt "}%mdno&am?am ‘dr@'ﬁlcﬂgrc llluslr‘a[cmﬂgg’% @Rk adi al
di mensi ons can be def| ned and mani pulatéed. In a manner simlar to I|near

di mensi Oﬁ%ar;\g‘rs] uwnatl;n nSI rallcﬁgtrllr%llsedgcff ne ew1 lg o ﬁqﬁﬁr M\'ifl;[LnSIBIQQ)OQr 6632 > &r t,

I nventi o Specl fi I avl nc
?ughpihgbpa%nmeﬂ&wﬂiw%@%??ﬁ“'e?éa Fhay Divged m'%%?rmﬁf R BHER Byt ot
Fig. 8A, at the md-point in Fig. 8B, and at the end in Fig. 8C

horizontal dimension 904, vertical dimension 905, and angular dimension 901. Similarly, point

907 is fixed by horizontal dimension 904, vertical dimension 905, and angular dimension 902.

10 Points 908 are fixed by vertical dimension 905, To obtain the parallelogram shown in Fig. 9B,
the drafter simply modifies the dimension values to the values shown in Fig. 9B, Parametric
dimensioning engine 308 then regenerates the coordinates of the paraliclogram and its associated
dimension entities as shown.

Fig. 9C is a diagram illustrating an object defined with linear dimensions. Linear

15 dimension 910 is at the head of a chain having child dimensions 911 and 912. The dimensions in
this figure define distances between lines or line segments. Fig. 9D illestratcs the object in Fig.
9C modified to the indicated new dimension values.

Figs. 9E and 9F are diagrams illustrating three-dimensional objects defined with linear
dimensions that indicate distances between planes.

20 Figs. 10A and 10B are diagrams illustrating chained angular dimensions according to the

present invention. Angular chaining occurs when a variable plane of a first angular dimension is
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15 Angul ar di nensi on 800, shown in Fig. 8A, includes a direction,
shown by arrow 808 and a start origin, shown by reference plane 802. The

position i ri abl e pl ane 803 changes according to t I . Unli ke
t he variab oebstél%é%?ef erence pl anes defined for |inear di neE('gT@R%,’ogQ/ﬁi ch are
paral l el for any given dinension, the angular variable and reference pl anes.

wll intersect. Angular dinension 810, shown in Fig. 8B, is an exanple of
an angul ar dlrrenlon ri |n at its md- , of

vari abl éo‘b?‘$%§’“ ibe r&fv‘gée“f;"oglﬁ’é"o"fé‘rf éﬂg‘i% d(W“QW“\AﬁPFP‘?é*“@F'@P?&‘é »ane 814.
Angul ar di nensi on 820, shown in Fig. is an exanple of an angular - 16-

di mensi 8B",wd FC'zate showai ohaiaed intfég.dA4. Amglar dimepsioneifs’|ivthe el of e asBulps a

ref erence plane 822 and a variable plane 824, is simlar to angul ar

di rensi dimdd6ion clexc ehuseli@treferescedilane ¢ nod Roincidens ithva viyabhy plaw of Afqthdrs
opposite of the direction shown by arrow 808. Many types of entities may be

descri beghupit daRhsiBRNFRUN G B disdd8 skd¥angd lh@%ﬁ’iul:@'ﬁﬁ’d ARatdifdienstons of Figl MENSi on

entities of the present invention, exanples ofwhich arc illustrated in

] 'mgﬁsanSﬁPMﬁQ B3c2F e B R DAt ARG AL FHIRDAT i B00ES L1

a verti ca‘ I | near di mension 905. Point 906 is f| xed by horizontal dinension
904, verM®eal dimension 905, and angul ar di mension 901. Similarly, point
907 is flxed by horizontal dinension 904, vertical dinmension 905, and

angul ar di neAsddal dpoension(n accordngerwith b6 gresaneinventiod illusiratediin Big. Hi. mrensi on
905. To obtain the parallelogramshowmn in Fig. 9B, the drafter sinply

modi f i eRatiakdishiensisrsi 100 ivddfinedby ofikdicoried] LS, FdmwWhich Bmbhales 2851 | 0FPawlsietet ri C

di mensi oni ng engi ne 308 then regenerates the coordi nates of the

paral | elegcaMedafatié Sy1RRACH s@taRE of the radial dimension.

10 Fig. 12A illustrates an object defined with linear, radial, and anpular dimensions. In Fig.
12A, the arcs defined by the radial dimensions have been specified by the drafter as fillet arcs,
which are arcs defined relative to two lines such that cach side of the arc terminates at the tangent
point of one of the lines. Fig. 12B illustrates the object of Fig. 12A after the lincar and angular
dimensions have been modified by the drafter as indicated. In response to the change in the lines
which define the ﬁilet arcs, the parametric dimensioning engine automatically recalculates the
fillet arcs so that the lines adjacent to the arcs join the arc at tangent points.

Fig. 13A illustrates a three-dimensional object defined with linear and anguiar
dimensions in accordance with the present invention, Fig. 13B illustrates the object of Fig. 13A
after the drafter has changed the values of the variables “bay,” “span”, “d”, “slope”, and

20 “caves,” and regenerated the object with parametric dimensioning engine 308.
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di mension entities as shown. Fig. 9Cis a diagramillustrating an object
defined with linear dinensions. Linear |5 di mension 910 is at the head
of a chai nykpusisaghechi | d di mensions 911 and 912. The di mensp@ffsdsfodahi S '
figure define distances between lines or |ine segnents. Fig. 9D illustrates
the object in Fig. 9C nodified to the indicated new di nensi on val ues. Figs.
9E and 9F are diagrans illustrating three-di nensional objects defined with

linear di nensi Q%Ihuﬁatﬂg} {ﬁg'o c%t?nn(qf ES&QQ&% d%%?xﬁgﬁﬁ%ﬁ@ﬁS e been illustrated

Figs. 10A and strating c ngul ar di nensi ons

according to e present ention chaini, n ccur riable
pl ane of Pé‘"’fafliystiy XATAicaY "%f"w‘ﬁ%ﬁﬁb‘hvﬁf@“ &’ﬁcts re-dra 8"’%58?886‘@ dgﬂ s‘;tlo e

ref erence plane of a second angul ar, di mensi on. Angul ar di rlrEJl |ons "A" "B,
and "C' alimensinowntitisaf thebieatseF ig: 14 isadiowshyLishawingaers deiailedgesrpliopal head
of the angul ar dinmension chain because its reference plane is not

coi nci denhe algdrithma usal bygiarangificdimcosienng dagine 3B§ul ar di nension. Fig. | OB is
a di agram showi ng the angular and |inear dinensions of 1Fig. 5 10A

afteg angl es AgraBetrfc dfichstoni@leRginDBO8 b2gins B3 identif}ingdodabvmrdiesa sysmehisf i ed to
the indicated values. A radial dinension in accordance with the present

I nventions, ali%.;)%t{g@i %ﬁjﬂ\}\)’inﬂop' Ghert Lachadi ?dordihzﬁ@%icms 4 108 dingcd@fidnied by a

fixed ori g| n enanat es arc 1104, "whi ch defi nes the vari abl e
cylindri @Q surfa e, of the.radi

i I lustrat ‘@Gt‘hcoséf ?fdg’ﬁmvﬂa Tﬁ“sf cgi{;cs%lawag ygriable pla “actsnlhﬁ{: p %{I Mensi ons.

'n Fio. orthogonal to one another. After identifying the various local coordinate systems, the parametric
dimensioning engine maps the coordinate data of each entity from global or world space into the
10 current local coordinate system (1402). A conventional transform matrix is used to map the
entitics from global space 1o local coordinate space. The transform matrix is selected such that a
first set of dimension entities with parallel variable planes are aligned along one axis in local
coordinate space (“the local X axis™) and the entities orthogonal o the first set are aligned along
a second axis, orthogonal to the first, in local coordinate space (“the local Y axis™). When
I5 mapping entities from a three-dimensional CAD model, a local Z axis would also be present.
However, the value of the local Z coordinate is not modified by the parametric dimensioning
engine.
The definition of local coordinate systems will be further explained with reference to
Figs. 15A and 15B. Fig. 15A is a two-dimensional object having linear dimension entities 1501,
20 1502, 1504, and 1506, and angular dimension entities 1505 and 1507, For this drawing, three

local coordinate systems are present: (1) linear dimension entitics 1501 and 1502 (variable planes
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12A, the arcs defined by the radial dinmensions have been specified by the
drafter as fillet arcs, which are arcs defined relative to two |ines such.
that each s, §§g@ %he arc termnates at the tangent point of one of the
lines. Fig. Plustrates the object of Fig. 12A after t HEHYSIUMB4Lng
angul ar di nensi ons have been nodified by the drafter as indicated. In
response to the change in the lines 15 whi ch define the fillet arcs,
the paranetric dinmensioning engine automatically recal culates the fillet
arcs so tdthogerabto|dng arothad), gbémartdomm:@n&m@spé@ﬂvm@lwl@nc&mtﬂﬁdg‘eﬁwmm nts.
Fig. 1 3Aillustrates a three di mensi onal object defined with Iinear and
angul ar dingwteg and@) lincandintensian emtitiss 1 $06t(Reriaplegiais pdralie nith one arfotigr). 13B
illustrates the object of Fig. 13A after the drafter has changed the val ues

of the vagj r%ﬁncn?ﬁ@){enuuéﬁ)% and 1907 arc%r&%rcd ?dggnt?tpcach lochﬁﬁﬁﬁﬁnatc s?@l@m
regenerated the object with paranmetric di mensi Poni ng engi ne 308 Up

Lo Lhis PRiyMon (L RARRRERL R0 loch3 ATRY Hh ol MERS! SH Mo GR0K ngns@féﬁcmﬁ been

|IIustrateder|ma ovar Eous 0

re- drafted based on nDdlflcatl ns to, the dinension tle of the obj ect s.
Fig. 714 '8 bF %F?o%eﬁzamd"gﬂﬁw"ﬂg’%&%wé a3 aﬁwc&@f&&d? ool of ualldnclfdgor i t hm
used by parametric di mensioning engine 308. S Paranetric

di mensi orfaplylosd gperdindB8Y Wi ns by i dentifying | ocal coordinate systens

wi thin a CAD object (step 1401), where each |ocal coordinate systemis a
coordi nat e sydhemvlgeft hadaog ma)lirieacdiummdﬁmmeﬁ, thefpataheeerdidensiongigangiant i ti es
havi ng vari abl e planes that are parallel or orthogonal to one another.
After i de@thd¥iifnge bR cYadinaleSyh&n Bhsed eea@» NFhEd SpElafBEnentibeeReanet ri c

di mensi oni ng engi ne maps the coordi nate ta of each entity from gl obal or
worl d space i r}:f,é) 158%s a three-dimensional object having linear dimension entities 1510 through
10 1525 and angular dimension entities 1526 and 1527. Four local coordinate systems are present
in Fig. 15B: (1) linear dimension entities 1517 and 1518 (variable planes parallel), (2) lincar
dimension entities 1519 through 1521 (variable planes parallel), (3) linear dimension entities
1522 through 1525 (variable planes paralicl), and (4) linear dimension entities 1510 through
I516. In local coordinate system (4), the variable planes of lincar dimension cntitics 1514
15 through 1516 are parallel with one another and orthogonal to the variable planes of entities 1510
through 1513. Angular dimension entities 1526 and 1527 are present in local coordinate systems
(1) through (3).
Note that although the variable planes of linear dimension entitics 1510 through 1513,
1514 through 1516, and 1517 through 1518 are all orthogonal to one another, two separate local

20 coordinate systems have been defined, This is necessary because, as mentioncd previously,

within each local coordinate system, parametric dimensioning engine 308 only modifies local X
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10 current |ocal coordinate system (1402). A conventional transform
matrix is used to map the entities from gl obal space to | ocal coordinate ..
space. TheWOr%8#3828rm natrix is sel ected such that a first meEwUssBoeismensi on
entities with parallel variable planes arc aligned along one axis in |ocal
coordi nate space ("the local X axis") and the entities orthogonal to the
first set are aligned along a second axis, orthogonal to the first, in

| ocal co t t i es
from a t‘%&%‘eﬁﬂ.ﬁ;ﬂﬁﬁ%ﬁﬁch&ﬁﬁ% B85 e A R8s Bty, n BFRRI |
However, the value of the .CO rd| te is t he

par amet r ifPOHY HeHE %Fﬁaﬁﬁcﬁw&"ﬁ ificfjn a ‘?‘E“f"b‘r‘f’“é ’IBCQHZ;(}EH?F%ate syst ens
will be further explained with reference to Figs. 1 5A and 1 5B. Fig. 1 5A
is a twocdbrdmatispsiems spjluther baiedig indludeanlydlimensiinentivesthat bave dimensionn
1502, 1504, and 1506, and angul ar dinmension entities 1505 and 1507. For

t hi s dr avinégandtitidedides raparatiobplaehicsat e systens are present: (1) |inear

di mrension entities 1501 and 1502 (vari able planes -19- ort hogonal to one
another), (2) pefyhf nwamgllano?e&ehtcue&l1&%0&6%1@395& Fh'c%ﬂﬁ&sia%@' lel with
one another) and ( |l near di mensi on entities 1506 (variabl e pl aRes

paral l el w.t an entl

Conai der GEHS a%aérﬁfsa‘hﬁ e T R P%“%%‘F“ ﬁma%*s'%?ghné
defined by the local X and Y axes arc parallel tq the aggg%ar di mensi on
entity. gsteps 149%%%\&0&5%0%%%*&%&“&? {BERSIRPS 25 thercurr abgoordipgteopj ect

of Ftig. 1 SA this will usually include each | ocal coordinate system In
an obj ectspiravthadimeosibiingenginti avelygisany &eal lincgslimers@npatitesend femdiinensi oni ng
Snenne dimension chains, preferably using the method shown in Fig. 7 (steps 1405, 1406, and 1407).
10 Based on the formed linear dimension chains, the “calpoint” routine (“calpoint” is described
below with reference to Fig. 16) is applied to the entities in the current local coordinate system
(step 1410).
If angular dimension entities are present in the current local coordinale system, the loop
defined by steps 1403-1411 is repeated twice. Because a change in an angular dimension may
15 alter the space of other dimensions, lincar chaining is not performed in the first pass. Instead,
only the angular rotations are applied (step 1404), and the new entity coordinates are then
calculated by “calpoint” (steps 1408 and 1410). On the second pass all entities will have been
rotated into the correct space by the first pass and the linear dimension chains can now be
applied, as described in the previous paragraph, to determine the new local X and Y values..

20 After the second pass is complete, the two-pass procedure defined by steps 1403-1411 is

repeated for each coordinate system (steps 1412 and 1416). When all the coordinate systems
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forms a single |local coordinate system based on any defined angul ar
dimension entities. Fig. 15B is a three-dinensional object having linear .

di mensi on ¢y dghszes 1510 through 10 1525 and angul ar di tities-
1526 and 1527. Four |ocal coordinate systens are present |ﬁ€§§%ng§2 (1)

| i neardi mension entities 1517 and 1518 (variabl e planes parallel), (2)

|l i near dinension entities 1519 through 1521 (vari able planes parallel), (3)
| i neardi ncnsion entities 1522 through 1525 (variable plapes parallel), and |
(4) i nehpvedieprpreresrdernd vicashercheek atisiepd iy 1i59‘e§a“%fﬁd,| fﬁ@é\‘““ééﬁr‘éﬂ‘?fét"é syst em
(4), the variable planes of linear dinension entities 1514 15 t hr ough '
1516 ar e withrtlsdit axts (sep W4 e anot her and orthogonal to the variable planes of
entities 15 10 through 1513. Angul ar dinension entities 1526 and 1527 are

present in | omadepCidos dhddibnsysieemineetcthinedig engiBy of tholiseat digfensidt hough t he
vari abl e planes of linear dinmension entities 1510 through 1513, 1514

through %ﬁﬁkﬁ:sc gmlé%?mérmogwgme 13hen m@&m@h.'cuerdgnamnﬁ chfnOREu@not her, two

separate cal coordi nate syste ave been defined, This is
necegsary,. because 0 revi.ousl §£ or.di nat e
R e I e T R A s St
and | ocal Y values of each ent|t¥ but not the Iocal Z val ues. Accordingly,
i n order tegueprigperdinaigisysiepon whighirass g dincas shairing alRoBM{BIERS 406 12nd 149
three dinensions (X, Y, and Z), the local coordinate systens are further
limted ftannotbk pjﬁicdmlmhiiisitmish,dhc Baear dimessiorhentityhlangthscomanalil equal theies and
| eader lines in parallel planes. 5 . Returning now to Fig. 14, for
each cur aRdnsioR GaluesC QQUcHIdRIE tHeiRbénsionHR edlpii® Pégimthd Wmensioning process over
at step 1401, In the second repetition of the process, the angular rotations will already have been
10 applied, and the linear dimensions will all be determined in their correct local coordinate space.
Fig. 16 is a flowchart of the “calpoint” routine for recalculating new coordinate values of
points in the local coordinate systems. The “calpoint” routine is executed for each point to be
regenerated, and includes a section 1620 that recalculates a point’s coordinates based on its
angular and/or linear dimensions, and a section 1630, which resolves inconsistencies between
15 dimensions defined by the drafter. An inconsistency can occur if the drafter defines a point fixed
by multiple dimensions that ostensibly require the point to be at different coordinates.
Section 1620 includes three steps. If the point is defined by a horizontal dimension line,
a new x value, called xnew, is calculated for the point (step 1601). If the point is defined by a
vertical dimension line, a new y value, called ynew, is calculated for the point (step 1602). If the

“t"

20 point is fixed by angular dimensions, the dimensioning engine calculates the “t” values of the

point (“t” values refer to the relative location of the point on a line, a “t” value of zero means the
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engi ne anal yzes the angul ar dinension entities and forns any existing

angul ar di nension chains (steps 1403 and 1404). However, if no angul ar

di mensi onswareg/sgdzet he current | ocal coordi nate space, the ldéﬁ@%ﬁ)o@s'l‘l ng
1N

engi ne anal yzes any l|ocal linear dinmension entities and for near
di mensi on chains, preferably using the nmethod shown in Fig. 7 (steps 1405,
1406, and 1407). 10 Based on the forned |inear dinension chains, the

1406, and 1407). 10 = Based on the formed |inear din
16). 15 apBp PR B dine £ RREEBOC IR BYF el RRERT SObE UMDt cp

1410). |If an gb@r di mension entities are present in the current |oca

coordi natgcé’a m the |loop defined by steps 1403-1411 is repeated tw ce.
Because a change in an angul ar di nension may 15 alter the space of

ot her di nensi o/gger the ppdndrs coprdinalcrigta i reagfeulpied fnoesting 1620, ttestdpis i seciiers K330
Instead, only the angular rotations are applied (step 1404), and the new
entity coosdvnatesisknecst indnssgl zlihdcaddiayce velat pahapoint If @ppoikdidGixadiboti 410) .
On the second pass all entities will have been rotated into the

cor r ext - SR@RRAn@ly iddevefticaly, aRPsszl@ucs BRCHARE A st 108 Sle REnE B H:sq804,NOW be
applied, as described in the previous paragraph, to determne the new | ocal

o pass. BYSLE Py poinvivg bl LB B PPATRIS Pu BRI Rielih 16y
20 BB e AT e Hroesie el v RwigoEe et
satisfied, fillet lines are connected with their arcs (step 1414). In step
1415, t hedesr by selagadneghn mtesecannafikaslines of habrchangiss (1¢ps 160G4407)difrensi on
neither the conditions in steps 1604 and 1606 are met, and the point is fixed by a single angle
10 (step 1608), and the new angle is different than the previous angle (step 1609), any values
calculated in steps 1601 and 1602 are ignored, and the new point coordinates are determined
based on the single angle (step 1610). Finally, if the point is simply fixed either horizontally or
vertically, either xnew, ynew, or the intersection of the point (if fixed by one angle), is calculated
(steps 1611, 1612). If none of the conditions in steps 1604, 1606, 1608, or 1611 are satisfied, the
15 point remains unchanged (step 1613).
Although the steps in section 1630 resolve inconsistencies by éiving points fixed in both
x and y highest priority (step 1604), the method could alternatively be implemented such that
angular dimensions (step 1606) have priority over linear dimensions. Preferably, whether to give
higher priority to linear or angular dimensions is an option selectable by the drafier.

20 As described above, the parametric dimensioning engine of the present invention

identifies multiple local coordinate systems for each CAD object and modifics the entities within
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entities equal their dinmension value. When the parametric di nensioning
engine rotatcs 5 di nension entities (step 1408), |inear dinensions nmay
no | onger gkﬁm%%ﬁég a local X or Y axis in the current coordi nate system

i n which case | i near chaining algorithm (steps 1406 aﬁﬁ”ﬁ%ﬁ@?“ an not
be applied. In this situation, the linear dinension entity |engths do not
all equal their dinension values. Accordingly, the dinensioning engine
begi ns the di mensi oni ng process over at step 1401. In the second repetition
of the process, the angular rotations will already have been 10

applied, and the linear dinensions will all be determined in their correct
| ocal coordinate space. Fig. 16 is a flowhart of the "cal point" routine
for recal cul ati ng new coordinate val ues of points in the |ocal coordinate
syst ens. théieal @atdiatasystemo basch en thangosan thediménsion ealities defined ageordiag to the
regenerated, and includes a section 1620 that recal culates a point's

coor di napRsenbAs@ioRNThd Modifigdibrity Govedifdteslarduhen mapped backanshe ghotall pasedt i on
1630, which resol ves inconsistencies between 15 di mensi ons defi ned by
the draf yer bRCPRS ohink: REaiRE Adld@meifhicAfGesdf BRI Nt
fixed byhfﬁﬁﬁQﬂﬁﬂggd?ﬁiﬁéﬁgﬁg*?ﬁgﬁ“gg?gﬁngW§Q@%gﬁ?ie the point to be at
different coordinates, Section 1620 .inclu . int is
defi ned BYS& HSPOB MRkF p%ﬁs‘tr?kn icéﬁrgT?%g?w%{Fuﬁgl\}é Qéx\?lg %@0(@5 C+Jéﬂﬁ‘§’ﬁsg\%,ghi S
calculated for the point (step 1 Olé. | f &ﬁe poi nt hs defiqu bﬁ a vertica
di mensi on | i i wilhbeaprasgniig those skillgd)ip theprdiat various godficaueny apg ¥ariPHERs S8 nt
(step 1602). If the 20 point is fixed by angul ar dinensions, the

di mensi oh¢ mgdectadliepeescatlicvantion withous departingfromhe sfope Reshirdof the(inyentigny | fpss
refer to the relative location of the point on aline, a "'T value of zero
means t hexampla) although peiimienticn izis bednadekeibed i ralgtiaf totaH2AD syseem,ghe' t " val ue of
1.0 indicates the point is at the end of the |ine)

dimensioning scheme may be applied to any drafting, drawing, modeling, or graphics based
system, whether or not computer implemented.

10 Other embodiments of the invention will be apparent to those skilled in the art from
consideration of the specification and practice of the invention disclosed herein. The
specification and examples are exemplary only. The true scope and spirit of the invention is

instead indicated by the claims and their equivalents.

15 TABLE]

Term Definition

DIMENSION A measure of spatial extent. Dimensions are used to show the
geometric measurements of objects and the distances or angles
between objects. The three basic types of dimensions used in
drafting are linear, angular and radial.
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(step 1603). After the point's coordinate data is recalculated in section
1620, the stcps in section 1630 resolve inconsistencies and assign a final
coordi nate WO WS3429 the point, If the point is fixed both 5pCT/US98/00847
horizontally and vertically, any angle values calculated in step 1603 are
cancel ed (steps 1604, 1605) and the new point value (xnew, ynew) is
returned. If the point is fixed by two angles, any values calculated in
steps 1601 and 1602 are ignored, and the new point coordinate value is
determ ned by calculating the intersection of the lines of the two angles
(steps 1606, 1607). If neither the conditions in steps 1604 and 1606 are

met, and the point is fixed by a single angle 10 (step 1608), and the
new angl e fs—atfferent—than ke pPrevots—ah }TLJ{_‘\Cp %GCG}, any rates

cal cul at ed ENITSYeps 1601 and| A6OBjcel; smhgmmhmdgrdc\drcn haly lmsndipminsion, or text,
coordi natgs are determ ned bagededus atsirglesdldigdne (o B@hiton( Mamipuldbdidgnd Fi nal | vy,
if the poijnt is sinply fiXxed| glotifieitidROEMARE hdlthd/fufidaméatal biiRiidgblodks bitg@r
xnew, yney, or the intersect Qrﬂhﬂfaémsmnﬁlto&b&scﬂ!dﬁ%;&yo@?fccénm e) |b

cal cul at eq<{steps—1611 1612 f—none—of lohs—+np-steps-1604-

1606, 1604,DIMENSION BNEITHAL | >ffhed:1 of doastits whlc}p@hﬂnulé eﬂmm:oumﬁlﬂlang@;do( 5t ep

1613) . Al tthough the steps in|sgehi. Adikersod @86/ i¥ CompHsedsf st enci es by giying

points fixed in both x and y|hi gh mma{smmeataemdm@eam dtrtﬁloﬁﬁﬁcfwd cpul d

alternatiely be inplenented §>H ﬁgﬁgm qfv% Eﬁﬂ;gm&gw ﬁ;e@e 1606) hpve
I

priority qver linear dinensi er to give gher

priority tlo |linear or angula I ?ngog |on sele table b the
drafter. 20 As de>(;r|be Ineg AN 4P orelfSiceHn

engi ne of {the present invent { BFSi OB&HP?%]'@%S) Hhat ?ﬁ“fﬂd ronyibg c%“oﬁ"aﬁ’ﬁhate
systems fqr each CAD object afidncaseancditetherdiensionilinpes within - 23 -
(3) An arrowhead (also called termination symbols)

added to each end of the dimension line.
(4) Dimension text, which is a text string that vsually
indicates the actual measurement,

IHICHSIOR mc

GLOBAL Also referred to as the World coordinate system. The coordinate
COORDINATE SYSTEM | system is used as the basis for defining all objects and other
coordinate systcms.

5 LOCAL COORDINATE | A user defined coordinate system that defincs the origin and
SYSTEM orientation of X, Y and Z axes in threc dimensional space.
CAD OBIJECT One or more primitives, such as text, dimensions, line, circle, arc,

or polyline used to represent a product or real world object of
some description. (e.g., Mechanical part, component, building,
etc.) A two-dimensional object is typically called a drawing
while a three-dimensional object is referred to as a model.
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the |l ocal coordinate systens based on changes in the dinmension entities
defined according to the present invention. The nodified entity coordi nates
arc then 3Q§ck_to the gl obal spacc of the CAD objectﬂcghgmg&agrlbed
parametric dimensioni ng engi ne and di mension entities of thé present
invention make possible an extremely powerful and fl eX|bIe CAD di nensi oni ng .
system 5 It will be ap Q?;i"ﬁﬁlled in the art that

various modifications and vari ati gnsHSaHia5e 1 uthe present invention
wi t hout departing fromthe scope qgﬁgg_ﬁﬁflﬁm ention. For exanple,
al though the invention has been de tribed in relation to a CAD system the
di mensi oni ng schene may be applied to any drafting, draw ng, nodeling, or
gr aphi cs based system whether or not conmputer inplenented. 10

O her enwidATESCEAMEDHS: i nvention will be apparent to those skilled in the

art from consideration of the specification and practice of the invention

di scl osed hergin. Ahgm bibmabmprsimnd exanpl es are exenplary only. The
true scope and spirit %?aqﬁe |nveﬁﬁ'§£’n is instead indicated by the clains

and their equivalents. 15 ili@BLE
Term a processor for executing a prog,raBetPI orm 2 %\rz%m[ﬁf I{%Ngf c(jﬂu.nsmn en A

nmeasure of spatial extent. D| mensi ons, are used to éhow t he g,eonﬁ ric
measur embKrepChivebhiostREngihg t'ﬂ%‘“&f‘ﬁ’f“&ﬁé&o'}‘}r‘m%\mﬂl“@ CXEHI 'Bf’ The

three basic types of dinensions used in draftin ? are linear, ular and
radi al . 2dordinate information of the dimension entities in a formed chain such that a modlﬁca ion of a

subsequent dimension entity in the chain is influenced by modifications to previous dimension
entities in the chain;
a display device coupled to the processor, the display device displaying the
dimension entities; and
a computer memory coupled to the processor for storing the program.
2. The computer system of claim 1, wherein the computer memory further stores a
data structure comprising:
a first field specifying an origin of a dimension in each said dimension entity as
one of a start, mid-point, or end;
a second field specifying the coordinate information of each said dimension; and
a third field specifying a value of the dimension in each said dimension entity.
3. The computer system of claim 2, wherein the third field holds a length of the

dimension.
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ENTI TY An object, such as aline, circle, arc, polylinc,
di nension, or text, treated as a single clenent for creation, manipul ation
and nodi fi ¥R P¥B42%ENtities arc the fundanental buil ding bl eckasosmgsni t hin
a CAD systemto represent an obj ec,t.._OL o_blects DI MENSI ON ENTI TY

The set of constructs which COﬂStI[ L ITET: thin a CAD system A
di nension entity is conprised of é&[}gﬁ ‘E@ ENj Pe that indicates the
direction and extent of the di nen or._ | ar j mensi oni ng, the
dinension line is an arc. (2) Leader |ines (al so call ed extension |ines,
projection lines or witness lines) that extend fromthe feature being

di nensi oned to the dinension line. (3) An arrowhead (also called

term nation synbol eac of the, d i I'n . .(4),.Di mensi on
text, which is" Z‘f‘w"[’?"?%gsy?ﬁﬁf)ﬂl%'ﬂ‘a Vg}\cfcﬁﬂlhgkpg@?lfﬁgwa{tﬁugp(f d3tir enent .
GLCBAL Also referred to as the Wrld coordinate system
The coor dP3FARSCT COEXRIFSRIRT Evaitatedrhy the proegsaanwhen thempesam tqmogifistogrdivnte def i ni ng
all objects and other coordi nate systens. 5 LOCAL COORDI NATE A uscr
defined cofrmitmtiecxepeteém t hat defines the origin and SYSTEM

orientation of X, Y and Z axes in three dinmensional space. CAD OBJECT

One or more prsi M t THeSomsiitd Bysdém beAdim ZiwReR @O tird!fictholdsiahGhEle ofihe

dimension,

6. The compuler system of claim 5, wherein the angle held by the third field is a
parameter or expression evaluated by the processor when the program to modify coordinate
information is executed.

7. A method of updating dimension entities of an object in a computer aided design
(CAD) program, each dimension entity having coordinate data, the method comprising the steps
of:

forming chains of related dimension entities;

sequentially recalculating the coordinate data of the dimension entities in a
selected chain such that a modification of a subsequent dimension entify in the selected chain is
influenced by modifications to previous dimension entities in the chain; and

redrawing the entities on a computer display based on the modified dimensions.

8. The method of claim 7, wherein the step of forming a chain further includes
comparing a variable plane of a dimension defined by a. first dimension entity to a reference

plane of a dimension defined by a second dimension entity.
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or polyline used to represent a product or real world object of sone
description. (e.g., Mechanical part, conponent, building, etc ) A

t wo- di nen 8@@7’5 pject is typically called a drawing while

t hr ee- di mensi onal- object is referred to as a nodel . 25 PfT’US”/‘}Qs@orrput er
system conprising: processing nmeans aq,pLed idefine an object by formng

a chain of 5 related i near Bgmlﬁl di mension entities, each
di mrension entity providing |£(5H %’,’r pgcrlbl g

di mensi ons associ at ed
with said dinmension entity, id ahs adapted to formsaid

= _,__-.

chain of related dinension en‘TT°es by repetltlvely conparing the dimension’

entities to one another, and further adapted to sequentially nodify
coordinate information of the dinmension entities in the formed 10 chain
such that a fodi f Teamebed of clamdiyphergindhe stefi ofdersiingia eain fugth¢rinalydss tigain i s
i nfluenced by nodifications to previous dinension entities in the chain; a
di spl ay sc\if espetitdelypdoatpating malddnqnsxonemalcmg) oeanshadapted to generate and
di splay an i nage of the object fromsaid chain of dinension entities; and

15 _ 10. A FARTBINureGRIHER] 89 chMpSied-daddbRGERIN br SRARS dihRhsish Or i Ng
said chain of related dinension entities. 2. The conputer system of

claim1 in (ran[lﬁloq féﬂ%cﬁgf?ﬂﬁrﬁﬁty%‘?% [tiés as a dimension entity, the dimension entitics each
including:
a first field specifying an origin as one of a start, mid-point, or end;
a second field specifying coordinate information of the dimension entity; and
a third field specifying a value.

11. The data structure of claim 10, wherein the third ficld holds a length of a
dimension.

12. The data structure of claim 10, wherein the third field holds an angle of a
dimension.

13. A computer program stored on a computer-readable medium, the computer
program including instructions for a method of updating dimension cntit.ies of an object in a
computer aided design (CAD) program, each dimension entity having coordinate data, the
method comprising the steps of’

forming chains of related dimension entities; and
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further stores data structures each representing respective di nension
entities, said 20 data structures each conprising: a first field .
speci fyi ngvamesssugi n of a dimension in the respective di mreperasssgotdsty as
one of a start, md-point, or end; a second field specifying the coordinate
i nformati on of each said d|nen5|onh_and_25—~——-—-“—‘ athird field

speci fying a val ue of the di nensiofl. 13s gHE ETWSCF&EE}:DU ler systemof claim?2
wherein the third field holds a le g h oﬁ;.p;mx:mnensﬂon 26 4. The
conputer systemof claim3 mhereln4{££:£eng¥ﬁ~ﬁ*Fﬂ:by the third field is a
paranmeter or expression evaluated by the processor when the programto

nodi fy coordinate information is executed. 5 5. The conputer
system of claim2 wbglegiidlyt r%l&ﬂinﬁglﬁe'c%rqmgﬁldgli o@[hc%ﬂgétﬁloﬁfcnﬁtﬂ%rdé mensi on.
6. The conput er systen1of claim5 wherein the angle held by the third

fieldis ci%?crd th‘Ef hhatG %\l ol sug?cq%uhn dlcr]nc%?gn QMn); Ptp c?c%ﬁ:?%mm phen

nodi f yi ng® na e |n of mat f on I mensi o

met hod of automati cal]ly mani pul ati ng di nension e i.es of an object i n a
conput er Hiflyersed By mgdificetans ‘%@f‘é‘f‘%‘t’ﬁ‘ﬁ@awncﬁn%?fépﬂﬁ EZHFI ty conprising

14.  The computer-readable medium of claim 13, further including instructions for
performing the method wherein the step of forming chains further includes comparing a variable
plane of a dimension defined by a first dimension entity to a reference plane of a dimension
defined by a second dimension entity.

15.  The computlcr-readablc medium of claim 14, further including instructions for
performing the method wherein the step of forming chains further includes the step of
repetitively comparing the dimensions entities to one another.

16. A method of recalculating coordinate information of entitics in a CAD object
defined in a global coordinate system, the method comprising the steps of:

identifying at least one local coordinate system;

transforming the coordinates of the entities in the CAD object to a selected one of
the identified local coordinate systems;

forming angular dimension entity chains in the selected local coordinate system;

forming linear dimension entity chains in the selected local coordinate system;

regenerating the coordinate information of the entities in the selected local

coordinate system based on the formed angular and linear dimension entity chains; and
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a linear, an angular, or a radial dinension entity and providing

I nformation 15 descri bing linear, angular or radial dinensions associated
t herew t h, od conprising the steps of: a) form ng chai ns of

rel at ed Iiﬁ@gﬁﬂggﬁgular, and/ orff T adial—ci-ension entities 33n‘ PR,

obj ect by repetitively conpari g7@ﬁé*&mmmm§g§§@ tities to one another; and
20 b) sequenti gl ly ReRialgry ating the coordinate data of
the dinmension entities in a seléected han=such.-tthat a nodification of a
subsequent dinension entity in the selected chain is influenced by

nodi fications to previous dinmension entities in the chain. 25 8.
The nmethod of claim7 further including the step of redrawing the entities
on a conputer display based on the recal cul ated coordi nate d &a. 9. The
met hod of claim 7 &RNSEPraIng e (aencaatsd qontéi=rsaf<’erﬁf0§mtfq9rlmmgfcla°te<ﬂ M further

I ncl udes conparing a variable plane of a dinension defined by a first 30
di mensi oncoerdinaty/systomdo thefplobaheerdimatmsysiom. a di mensi on defined by a second
di mrension entity. 27 10. The net hod of claim 7 wherein the coordinate

data is definegg.inTae gletbabf asiar b, natrRinsysiahy of bealebidindiclfsysiemesre
conprising the steps of: prior to step a), identifying at |east one |ocal

coordi nat g.sidshem and

18.  The method of claim |6, wherein the transforming, forming, and regenerating
steps are performed for each identified local coordinate system.

19. A computer program stored on a computer-readable medium, the computer
program including instructions for recalculating coordinate information of entities in a CAD
object defined in a global coordinate system, the method comprising the steps of:

identifying at least one local coordinate system;

transforming the coordinates of the entities in the CAD object to a selected one of
the identified local coordinate systems;

forming angular dimension entity chains in the selected local coordinate system;

forming linear dimension entity chains in the selected loéal coordinate system;

regenerating the coordinate information of the entities in the selected local
coordinate system based on the formed angular and linear dimension entity chains; and

transforming the regenerated coordinate information in the selected local

coordinate system to the global coordinate system.
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5 transform ng the coordinates of the entities in the object to a

sel ected one of the identified | ocal coordinate systens; wherein step a) = ..
conpri ses WQM/Fd2%ngul ar di nension entity chains in the seCcewssdobacal -
coordi nate system and formng linear di } ity chains in the

sel ected | ocal coordinate systenfF=tt wherein step b)
conprises recal cul ati ng the coor \dinension entities in
the selected | ocal coordinate sygtem. B ‘ormed angul ar and |i near
di mension entity chains; and c) tTafnsform ng the regenerated coordinate
information in the selected | ocal coordinate systemto the gl obal

coordi nate system 15 11. The nmethod of claim 10 wherein a plurality of

| ocal coordi najpe Syht esmpRéproganor Elbia19, Tdther indliéingaistodlions foe idehtifyink a
wherein the transformng, formng, and 20. recal culating steps are

performed for. each identifi cal coordinate system 13. A conput er
program BIPB‘EJUcﬁ?océ%cr?%ﬁ'I!'sﬁ[én%gghgbrrput er readabl e nmedi um havi ng t hereon

conmput er program code neans adapted, wh sai d. programis. | oaded ontaq a
conputer, to ndke tihe C%Pﬁﬁﬂt%ﬁ’grg& é’g&‘f"é" f (2 é“’g\"bﬁ‘&l&lg'?'é ingfrugigns ?%ﬁ%PC%‘H‘é%&cf
claims 7-12. 28

transforming, forming, and regencrating steps for cach identified local coordinate system,
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