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Lesson I: Relation Between Degree n and Shape
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Lesson I: Relation Between Degree n and Shape
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Lesson I: Relation Between Degree n and Shape
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Lesson I1: Any Analytic Function Can Be Written As Polynomial
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Lesson I11: Parametric Expression of Curve, Surface and Solid
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Lesson I11: Parametric Expression of Curve, Surface and Solid
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Lesson I11: Parametric Expression of Curve, Surface and Solid
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Lesson 1V: Representations of Geometry
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Lesson IV: Representations of Geometry »
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Lesson 1V: Representations of Geometry
CURVE REPRESENTATION
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POLYGON MESH SMOOTH CURVES



TUTORIAL: NURBS Head Modeling http://www 3drender.com/jbirn/ea/HeadModel _html

An (old but still working) Tutorial by Jeremy Birn NURBS Head Tutorial
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Start simple, and build in more detail after
you like the basic shape.
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Lesson 1V: Representations of Geometry
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Lesson 1V: Representations of Geometry
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NONPARAMETRIC CURVES
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Implicit non-parametric representation of a cone
Let a = [a.a,a.] be the coordinates of the vertex of a
cone with its axis in the direction of a unit vector n. and with
a half angle & = cos 'k, k = 0.
The implicit vector equation of the cone, where X is any
point on the cone is:

[(x —a)n] —kK’x —a)rx—a)=0

Parametric equation of a torus
The parametric equation of a torus centered around the
point x,Vy,z; and with its major symmetry axis orientated
in the direction ./, k, is given by:

V i
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PARAMETRIC CURVES
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Are Length Parameterization

Because difterent parametric forms of the same curve mayv induce different continuity results. one
must ask the question: s there a parametenzahon that we can trust for continuity discussion” The
answer 15 yes, since mathematicians have solved this problem long time ago. The trick 15 to use arc
length as a parameter,

[.et a curve segment have length v, OUne can parametenze this curve such that 1) 15 the point having
a dhstance & from the mital point f{0), where 15 1n the range of O and «. With this arc length
parameterization, as  moves from U to &, fla) moves on the curve from fild) to f4) m the same speed.
Therefore, the tangent vector which measures speed 15 of unit-length. Mot only this, many formulas
shown on thus and previous pages can be simphhied.

Why don't we use arc length parameternization to simphty our computation” The answer 15 quite
simple. While arc length parametenzaton 1s simple and elegant i theory, 1t 15 tedious n
computation and impractical. One can easily design a curve m some handy parametenzation; but,
reparameterizing it with arc length sometime 15 extremely ditficult. That 15, finding arc length 15 not
an ¢asy task, smce it requires to mtegrate a tunction mvolving the use of square root.

Theretore, even though non-arc length parametenzation could cause problems, we will not use the
arc length parametenzation.
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Geometrie Continuity

hWany ( 1 continuous curves are curvature continue but not ¢ < at the Jormng point and some of them
may not even twice differentiable. These curves look smooth at the joiming point and also look
smooth when moving from a segment to the other. Morcover, as mentioned earher, after a change ot
variables, some of them could become ¢ = at the jorming point. But, a reparametenzation that can
make this to happen could be dithicult to find. Therefore, we mtend to relax the requirement of « % to
the following:

T'wo curve segments are said Gt geometric confinunous at the joining point if and
only if all i-th derivatives, i less than or equal to &, computed with are leneth
parameters agree at the joining point.

Cops, we use arc length in the defimtion! But, don't worrv, since arc length parameternization 15 not
required as shown by the tollowimg equivalent defimtion;

Two curve segments are said " geometric continwous at the joining point if and
only if there exists two parameterizations, one for each curve segment. such that all
i-th derivatives, 7 less than or equal to &, computed with these new
parameterizations agree at the joining point.

This 1s better but not cood enough because we reallyv do not know how to find such
parametenzations. Fortunatelv, the cases of £ = | and &£ = 2 are verv simple. Let us start with the case
of a=1.
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This 15 better but not good enough because we really do not know how to hind such
parametenzations. Fortunatelv, the cases of £ = 1 and & = 2 are verv simple. Let us start with the case
ol A1

Two (Y curve segments are said G peometric continuous at the joining point if and
only if vectors {'(«) and g'(v) are in the same direction at the joining point. Note
that '{x) and «'(v) are evaluated at the joining point.

Since the tangent vectors at the joming point have the same direction, both curves have the same
tangent line at the joiming poant. However, the converse does not hold. More precisely, two curve
scaments having the same tangent hine dees nor imply they are (' at the jomimg pomt In the
following figure, curves i) and glv) have a common point at which the tangent lines are the same.
[ Towever, the tangent vectors point to the opposite directions. and, as a result, thev are not (! at the
Jjommg point. Based on this defimmton, all previouslv discussed example curves are (! at the Joiming
poinis.

g(v)

commaon tangent line

f(h)=g(0)
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What does a CAD system do with the equations?
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What does a CAD system do with the equations?

Other  Problems
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What does a CAD system do with the equations?
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Lesson V: ldentifying Unknown Coefficients in
Parametric Polynomial Equations of a Curve
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Lesson V: ldentifying Unknown Coefficients in

Parametric Polynomial Equations of a Curve
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Lesson V: ldentifying Unknown Coefficients in
Parametric Polynomial Equations of a Curve
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Lesson VI: Basic 3D Geometry
Coordinate System

& Dimenszions
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We llc!gpt the ?iﬁ!\!'hn,h.it,i S;!hi"!'tnﬂ

Le EHQhJ'J

Coord inanke f&\hm
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Lesson VI: Basic 3D Geometry
Parametric Line & Plane Equation

P"CH"?!‘II"“!) &, Py €%y, 4, ,0,)
o N 4 Il-l.g) W 4 Ky Tovra mlk'ri:- F-‘H'I'.

LINE =>§ §=Cy-gdu+ 3 }-i tquation ok -
% = Ch, ~ M) & Thy

ma;ﬁﬁmgé A;*Euq. Cuo + Oso .
ax +by+cari = 0 = three coneie

as= 2 . b= . {.If'.. ave ﬁl"‘" Yo dpecil
v’ o 7 )
i ?‘nmi.-
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Lesson VI: Basic 3D Geometry
Dot and Cross Vector Product

. a plame cup be Specified by three nok tolincar porn!
" S sinale point ia the plawe and the porpan dicolun divraiioy

lo the \adwe ( hevmael ye kor
1 Yecbor DOT- PRODULET
A= (As,py,Ax]

B T_B"*JBDJ B"\.‘l
A-E = Ax Ba & i; h3 a nﬂ“&ft= |hl.\|a‘1 Py,
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VECTOR CROSS PRODUCT

WXV

"r

11
For vectors 1 = (g, Uy, uz) and v = (vg, ¥y, v} in B+ | the cross product is defined by
uxX v = X(uyt, — uzty) — ¥{ugt, — uvz) + Z(ugvy — uyvg) (1
= X(uyv; — wzvy) + ¥(u.v; — ugv:) + 2(ugvy — uyvg). (2]

This can be written in a shorthand notation which takes the form of a determinant

X ¥ 2
UxXv=|tuy u . (3
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Lesson VI: Basic 3D Geometry
3D Transformations, Scaling, Translation, Rotation

.:-"D t\'ﬁh"nfh ﬁt;w'l

_-_n—-_“ :
he mﬁath-gut :.-rqlinllt‘!- \'E'\ o1 L‘.ﬂ- W iy, *'id"l
bt {tw. Ve

'bﬁtn.linb trans for maXion
‘1 =2 6 ﬂ-

© oS¢ 0

O O o &
ﬂTﬁ'ﬂ.hilﬂ!lﬂﬂ A oo
¢ 4 0o

T-.'. © o0 4 o

Tx T.a‘t,,'-t
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Lesson VI: Basic 3D Geometry
3D Transformations, Scaling, Translation, Rotation

&

-'?l"djzﬁ.'t;ﬂn nrnunJ Z-0%i3 ovey n‘“'{l‘

lot® simB O ©O
R:‘-’* -5 Cos® ©o ©

0 0 14 ©O
o o o )
D oroun d K- XIS
“
“;’g,: 4 =) L= o
0 CosH smB 0O I__“-'-
O -Swmb Cov® o N

lea o e A

-
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Lesson VII: Perspective and Parallel Projections &
Corresponding Clipping Volumes

Pevs pee tive Projec tiow '
e ———————— :

“nt furﬂ-rr @Way an -n-by;.! id {lr..rn “ﬂ View iy Ehe Jhlﬂfh—l
Lappears ¢ deplh cue).

[n o P!ﬂfnf:vt projeclion lhe limes of p.-qJ"J;ph are
of parallel , the con verge at a sin gle poink called the

ENTER OF PROJECTION (e.o. Liahl ton Convireis
o lhe viewers eye. ™3 9% e
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Haq= e
K -Z
#11' s #1*-mﬁ

=L 5‘.‘5‘-21 ui'al,
atq 2 Xeda=X9Re . e Ye'lq =Yt te
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AzAdqd+ Xph
Y=g, +4p % (T )
" oaMy -i-ﬂ-f“-

(]‘j D peve wmaekbvie
!quﬁ,t;ﬁﬂ et line
“ﬁﬂl\l&\‘l (':'-u'j-l ;' 8q)
A in bhe divechion

11? t'jf\tfl
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To {ind lhe pavallel ~ '
- pre eclion ok (%4,94,M4) we vaysb
Find he l'l'ﬁwl-[ﬂi- mnka“ghm‘_\gii ;Ln:\: l*:?-.wl {-r:ﬁl

('x..”g,.' y Rq ) inte ('-‘1 .'3‘,,1:) on Lhe %9 plawa which
fﬁﬁ'ﬂtﬂtnhit ‘.- the View plana

LI)#% o= M4+ Mhpu = u=-$§-
e e .
RENG IR
“akriz hotakion e

[“t '31] o [""'I 31 1“‘1

47



_View Nolume

~~= Lines of
Qrﬂjlt! iOW

PARALLEL
PRociEcTioN

PERSPECTIVE
PROJECTI0M
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Lesson VIII: CONVEX HULL DEFINITION
Definition of POINTS & VECTORS

4. Points & Vectors
mothemakical deseripkion of an objeck

= deflne o Coordinale E;jﬂtm to describe the
obyect mathema tically — analytically
i i'P'ﬁCE doea nok possess a ["""-’-&""Ed coordinake gbhﬁ‘evﬂ ..
— We have to étp ne eh e ouvielves |
— Our interesk 15 nbhe cbyoct and nok tn ils velation ship te

rome nnrinil‘:iirhé toordinate EB:&'QM \

—The methods ok we wl develop musk therelove be indepen dewk:
‘:!I‘ the Choice t::#- & Coevdnate ﬂﬂﬂ‘em

= CooROINATE-FREE HETH-::DS'L

VECTOR = DIFFERENCE OF TWO POINTS

49



3
* Fc::'m'tﬂ are clewments a-l; three -dimensional Euch&:c?m sSpace E
< or beller opfine E”::.:p_i‘_i
;:.;JL e E

x Velors are elements e the three ~dimensionol linear Space fﬂ%

¥ We ucln?L the Comven bion here te wrike bhews as Goordinake

Columns [Ej -

hat
g fmr an In'.iur:r Pointe a and b"J.H'IEFE s o wnigue veckor v kha
P'E::'ln.i\:? Brﬂ'ﬂ‘l A& 'r_q:; |:’

7 3
‘15"_-:6-.,1 ﬂ.JLEEJﬂ-E(R

* given o veclor 2w theve

n‘?b Sech Uﬁt’% v= E-—-r:h.

)
=g B ”"Pih.hit!.-:j mu“!‘j Pﬂ'\‘r'ﬁ- '—'3"F f‘::allh[!

Vur = U= b+w)- fatu)
X ﬂjg;‘a“‘l hh a4+w ke all a__EE.__s I8 .Cal'fl!t?! a £P¢EHIF£’-€~‘:¢H

— \I.
= VECTOR ARE \NVARIANT U NDER TRANSLATION ; Po NS NeT,
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Lesson VIII: CONVEX HULL DEFINITION
Definition of BARYCENTRIC COMBINATIONS

g E‘femgnfs .::»f Pﬁi’ﬂ‘!' ﬂf‘ace E'if_‘q“ anl’f.j be Subplrﬂ.ti"ﬂﬁ!; Ehis r::,o?rm[-.';
yields avecker

— Fﬂ]ﬂhS Coamwmotr be =ELCL|‘.1.‘E‘A {ch;-ﬂ:m,-gmk cagrc!ihn.‘tf 3 h‘l'i‘.w'i e )
Pro Auce leFﬂ:rEm'ﬁ ol o bioas

- However, addilion-\ihe f:fcrq\:inh are. é:?m:d Po v peinkg !

ABARYCENTARIC CoMBINATIONS :;wﬁahh._a Soms o points
whepe bhe weiohts Sum bo one

4 _ 2
b= i;:‘g b;j E}J e & )

3 ﬁ.ﬂ:.. 1:|'+dh=-1

N\,
1) can l.[u:‘. rewprifiesnn as =/

i "ﬂﬂ-:'-"l-"(liq-l-;"'hdh
EJ: Bn-i-%? .C-%:?.-fa..) (/ .,: '}]

Which s the Sem ﬂf ﬂulf'n.r‘nt"' and o vecltor
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E’_‘Fﬂmplﬁ .:-:J»I- buvq E#m\‘hr:_ Combinakion : C?mll"ﬂié ‘3 "*‘L
. ‘Irhn_nﬁlyt

abeeiE’ i
)= 3 E-n_+ :;-51- %c.
‘ Elﬂ.r-.ai:tﬂ t‘E""E.‘ = " 'E'_En'tl.‘_'l- '.'::la- l{:}rmm 1:1:,“ b= EM{’#%"’
ES EMJ

SPECIAL CASE cF BARYCENTRIC CoMBIMATIONS ;| CONVEX
ComaInaTIoMs

f Sol, = é’mf‘mg}s
n{'é = o b:; HI"NT""IE:"E

=> conveEx HULL oF A PoINT SET

1s The sel Lormed !':l all conleX
Combinatlions of a Pauﬂ"ﬁ“ get-

— CoMvEYX HULL
r ACONVEX COMn bination

uuuuu
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OTHER DEFINITION OF CONVEX POLYGON:

-For all possible two points inside the polygon
-take two points inside the polygon
-connect the two points by a straight line
-if all points on this line are inside
-then polygon is convex
-else It Is concave

NON-CONVEX = CONCAVE

) /\
T

\/

CONVEX
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Lesson VIII: CONVEX HULL DEFINITION
> AFFINE MA Pc Definition of AFFINE MAPS

A ma p _tE,T Lhat ma.ps Eginéc::- tself is called an affine
mapifitleaves DaryCen bric combinakions invarviant

E:ffﬁ{j ﬂc? xjﬁd E.'Eg
_@ n-,cfine mop &= Ei:ipb{ﬂj

.@-I’; .{”;j EE;

L=ZA10, specifies how we have to weight thepoints
4 So thok Bheiv WE'-.la\'itEd average 1 7%
This relation will skl be valid if we apely
aw affine mag to gl peint g a, aud o

A
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Tw o given Coovdinato iﬁa\em & pn‘m‘c:r_ 'S re ,prc..'ﬁ*lzﬂ'rtﬂ!‘ '[":j
A perdinate k\rlp'“!- e oo
Fumi‘lin.v-ﬁ:-\-m éﬂt_r. Aax 41

A = 3k 3 rnu_lrhr
U => vecker ar e R
lc-)'lrna:.wF

$(24a) = Az

=

3%) +v
= ED{JAQJ -I-Eﬂ!‘a'ﬂ'
= fﬂ{&(h“g +17)
= fm:& %E‘,j
Exampley of &{line mopg
The TOENTITY V=0 A=T

A TRANSLATION A= ar= any vectop called Translabion vector
A ScALING

A RoTATioN 4 A bl

95
A SHEAR E;-nm?l"-_l’q_= c -1 =

..-i:'r‘r:"'j"-.




An important special case of affine maps are the
EUCLIPEANMAPS or RIGID Boby MoTIoNS which ave
C,L‘rn::.\*c:.hc,\:EﬁEEé b'ﬂ cD"E'C"ﬂﬂ normaol makri ces A o= A ﬁT,f_I_
Thti;.j Leove ienaf:és and F}hg-’es ahcﬁanjed' !

The ran ki of A has aw wnporbant aec meblric inkevpretakion

'-'g Tnnh(ﬂ'}:S than d: haps 3D inte 3D GEJELI-'S

‘-5 rawh ANz 2 than J(: s a pa.fﬁhllgf‘i_ F,,QJEL};ﬂn =ik
_ O plane Cov Line i ranh(a) =1)
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Lesson VIII: CONVEX HULL DEFINITION
Definition of LINEAR INTERPOLATION

3. LINEAR INTERPoLATION
3
e a,b se fwe distinet pointsin E
The Ssel :-G[&H Paiug‘!s oc € E? -.ﬂ—JE £he {c:.i-m

X=T(t)a(1-€)a 1 kb ; Ll
is called the STRAIGHT Line thrﬂua'h a and b
q"’”ﬁ three poiwts on o Q‘c'rniﬁ"n\t Line ave Said to be ColINEAR

t=o Xle) =a  passes Eh"““qﬂ‘g‘
= Xl =b Passes E"nmua'u b

“resb g4 the Fr:.-'el-'l.l: x s belween a and b ! ‘p‘*”iﬁﬂé‘;er
Valves of L ik is out side

L

S7



Xlt)= C1-La+tb ise Esm:_;,e:enl.‘rn‘l’; com binakion of twe

The Samn . Points i E
I'\'E’ Scamm .l"I-I:IIIAE -F;r 'u‘l'L l:\"l't'!_ P:]i'ﬂ. {.5' C:IJ E‘J'1 ;-I""i. [E"'

E = C-i—E]_c:: + L'-"I

Efﬂft 'i‘;;tlﬂjic.& o Oand -4 'E'{"j the Some bdr:j conl ric Combingtien

Eh;_ u{-_ht S X te oL awd b . Buk then by bhe definitioy of affine maps.
ree peinkg &b, in three Space are an afbine map of the

©, 6,47 one Space | THUS LINEAR INTER et ATc

'S AN AFFINE MAP oF THE RE A s
L LINE oNTC A RT i
CAFFINE mi1eRPoLATION = L INEAR IMTERFEL.;::;G”HT Live mm (&

H‘\”'rtt Fuin,‘:‘,g

Linegw Jﬂ£EPF£ lfﬁlf‘;'cw ] ﬂFﬁ',,]¢J'ru] Invaviaw kb

affine ma p ¢: €°— 3

2= (1-b)a 4 bb; Ee IR

Fxz2(1-t)fa +L3b
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L’fiaﬁ.:.l:tj Related ke dinear I:,f._p,-ﬁ,_,fa_f;ﬁﬂ /s bhe ‘39“‘:'1"6"*
BARYCENTRIC COORPDINATES (due ko Moebiuvs)

Lek '5"-_,'3"-:;,!' be Lhee Ca;ffugqp Pa.ﬂn[‘ qjijﬁ E'J(EB
X =cka+Bb; arp =

Hand B arve called Bargcenkric coordinetes
with respect to a a.nd P

— i &= gr-t)
= £

. hﬁ'!ﬂ_ﬂiﬂ‘cﬁt_ C‘a.ﬁrd;ﬁi‘tt, dn wok laL.IW'I.:}! have | . Le pes, bive

]ﬂﬂk é ?ir'ﬂ;"_] Erfﬁrfr o er 3 /% ﬁr‘jn.fr"l.-‘ﬂ_

we Eéll‘!'n.;ﬂ the [inear f#ffflp#{’ﬂirﬂﬂ Apurh-qu_
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— -F:w thvee Colineay Pc:ih.lf':-: ’:’-J'!’Jt the 5“*(‘}':""6";":

A= EE""(E:'C) . e
Vo! o
?(a;c)

Vol, Ce,b)

Vo l 4 lach

dimen sional Volume betweew
Ewo F-ﬂ'l Htﬁ fl"lfhg H-.,: S‘:'Elhlqu _':ln'h}'llh-i:{]

::::'r.;"i_w,-,-;,_lrgg Sy 'Ef-lli'rj he cirm+|'hed Ly H:.'E'_

Vol 4 iz the one

= EJ"Q""H E.Elﬁ..'!-.h‘;(:_ Co
FID.-ﬂE'_

. f:.ph.:gfé {J-){ r-n,.!-r'a

S defiued E;J

2 {:I'ﬂ’-'_ rn,'l‘i:i ﬂ& H'F'l'.!. Ca!iill'l!n.'lrl Fﬂfh‘-‘& ﬂ._,"?‘;ﬂ

mt(iﬂ' {&,6';-!:_)-: ‘fﬂli Cn_rb.}
Vel Cbe)
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Lesson I X: BEZIER CURVES
CASTELJAU ALGORITHM

The cle, ﬂ._aﬁji.ej ;qu_ F:"t]'.q_.;: HE:hm_

Pﬂ ¥k t)-t}i'_cx'?a

1
ey

-Simple constyockion for the gene rak

oM 64 a oy ]b-.‘
Ierevalization R { Mttt

W lead to Bzier Curves
b*'Jb1; b, e E*® £ R

_‘!
%.: (kY = (4L bo + tby
04 (5 = C4-t) by a b, O

L
be (k) = (4- k) Bf:- (B + !:!::1 () (23

( ‘} ( }_— ' F . 1t;¢ + E {?.I_ _3 1
= 1.
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Lesson I X: BEZIER CURVES
CASTELJAU ALGORITHM

‘-.?r:_l‘:t) traces Cﬂul:.
we d

a Pdlru._hﬂlck @t b vay

E“-DIDE_ !;Lﬁ‘&. Paru. Lh::'!l-. IDU I‘J-L

‘€S trom — a3 ke + Oy

Para bel a
Lonstruckion by

re f"eﬁtﬂ;& Lih!n,;-

1wy l:.m-fe:-lu;z.}:it.“
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b ":FE“'I -P;(EJ we SLE'_ ..

—= Fakio { be

A
Josk lb'l'-:.l bq) = i'-nb'int_'fﬁ-p_. b".l' btj - kﬂbig C b:.ijb;:.ll:;: .

— ©OUr Cow Eh“ut!:iﬂﬂ of & Purn.balﬁ- is ﬁhﬁ‘l.“ﬁ-rt} rHl‘ﬂh}'f-ﬂ!ﬂthEﬂluﬂgl_
Prece wise. finear inter polation is qﬂ‘jn:fj thvariowk

~ We obtain o plane Curve due Lo the fack thal b7E) is &!wu‘ji
A bﬂ.’r‘j Cenkiic Com bina Fion 1::'1C Ehree _.Oaini'g

_ Lef é,ﬁ;ﬂ be fhice Jishnci‘ Paia#g On o qumﬁm'ﬂ_ : f-Eé the fﬂ","F'}

G,E b ;mi:E.h-'Ee-:.flr the 'Eaﬂ.h'hﬂhlfi ak o and C i & undpamspf.pl«'mr;ff-}
Le b Ehe Eu-.ejg_mlzr ak O awd C iﬁ't:rgmj_--[ud . Thew

i A T REM
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de CASTELJAU ALGORITHM

'{jthﬂkmhimlﬁcn mi- pParo. bola, r_‘-uni":rub‘-'l'ﬂ“ te E_';,Ehﬂif'n-""l

o p"-i"ll“,j nemial Space Cvrve ‘:"F arb: [‘!rn.!r:l dt,arr_l n

Givewn - b@,bi_}'“ b“ & I'EB and & IR

sek ™

M. L | =t n="4"y
b, (6= (A=E) by () 4 & by, E) {h bl

bi[*:’}.- bi; then b: (e i3 bhe P:ﬁ“‘t wll'hl‘:!n-mw---a"rqr valve
E on the BEZIER cuvve b

- The P.g! o -'P
Pely %,-:::3. El__}\";\ﬂt -Efrrf;:dﬂb:j be,.,bn is called the Beziew

~ The pol - :
Pyaon vertices bi are called Conbro) peinta - Beziey [

- .r:l"'u:. "
Melation b= Bk, ... b, £7 = (3[P;E]
Shotbey B (3(be,... 6. ™ P :
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{i?, s llnt E_L,'thvjﬂp.t_rmbg? H"ﬁ.\t nﬂ'&btun{'l’:’- Eht BEE'IE." CurVve
B wikh (ks conbrol Poly gon
Lh‘a., u-J bh] f‘ g E.“ll &_E..__HEEE".” i Bé‘z;’cr- ﬂ_FP:;.ﬂHi.mﬂ.!'-l.ﬂ* Eﬂ i!'ﬁ'f 'fl:lllg‘mi Fﬂ'!jﬂc’h

M 3 i
i b{ (E) inttymediale \‘-"nt-rﬁt:itufﬁ == !:Hn-hlhhl-lh' avral i‘n.alr_"]m. schew,

':: - = this alse Etfg:tjesr-' the vse e:!.L
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by I:.'{' bo 3, Space -EFFicitmc;j 2 '
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Lesson I X: BEZIER CURVES
BERNSTEIN POLYNOMIALS
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The BERNSTEIN Forw of o Bézievr Curve

e curSive -m'lhm'.':hm -5 de fﬂg‘tml__jam

Now ~recuvraive Fermula -5 Bernshein P&nnumiq‘.l

Beormakein P:&\ﬁm:; maals

Hﬂv*siﬂhJB¢(t)= (-1-1-)3 Ty 4 I:E;‘_ ,l('c‘JJ!

[Botrz4| JHM"" 3F E"""”"”ﬂ
R ¥ hedq
B ()= (5)E (ree) | _w:H. (7] (’"")I )
= (3) e 0" (20 ) -0
=(1-4) Bty « £ BY i)

roof
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Bernstein ?_a'l-ahumi:.h rarm o Pﬂrl:ﬁl:"nh E-{ Un:f'lg

| megff)E‘fi (x+a) 2(3) o

& 3 Bern EEL'\ W Fﬂlj hahinj&

= RQuartic Case
the EJ,E, ars nhow Htsq':h}l over Ehe intervel 1911]
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l ; v e o
The mbey wmediate de Cu.:fﬁt-,_'}n--n- peiats b-L Caw be expresse
th bevms of Bernstein polynemials of degree b

| b 2 r € {e,n)

= F %Y ceqanny| |
Thye Equu‘:iﬁh Ekuwi E.;nc'l:hj how the !1~-'.|:11'm:"1r|-~.ut.-t!'ir:m"l”“i.‘i".ﬂ:""'1!‘E b,
depends on the given Bézier poinks by

=h =i The Covrel pon 4‘"'15 d{{:g._!_-:tu,bﬁ.,m Fg'.ﬁ't' 1% H\! fu]nl:
o the Curve and i3S a‘:ue“ b_u,

; B'(b)= = b E;{#)E
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Tl’i Fe e ursg, 1 B3
¢ tecersive definikbion of the nler mediate de Gsbeljou

Poivlt 1o L
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h i _
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Some Propertics of Bezier Curves

the Cﬂ'sl:.e.hnm n'l.aﬂvl'tlnm allows ve ko 1w {ev seveval imporban
Pro FEI"'“EE of Bezier Cur ves E'h"raush the ﬂenmf,\rua um:itrlain-u}
the alsorithm ¢ they con oltebe devived anelgbicaMyy,

~AFFINE INVARVANCE - liniurL'ttrpa'hliuh! are afline h'lg.Fl_:,..-,

& Burﬁi_l?."ﬁ.‘:'f' i Cown hhrlwﬂ:ll-i.ﬂ'h\"i A £y
bty = = ’::4 Eﬁjnfi’.‘) w i Eh J%__E:j (£Y=4
J=c . =

- Bezier curves are nok o

o E r_‘. 1 ] .1
eis Bevapecl yeckivelw invariank |

ve prajechion

- Inv = E
ariance under affine parawmeter travsformakions

I:E[::-;*i;] oFr W agsug b a e [a.b]
——
a o -4 el
h-a

= b, B, (t)= é gl 4 ey
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- CONVE x HuLL Proper to

for £ €le,1] ’ b”ft) Lies inthe Convex holt ﬁ{’ the Contrel

1 Polu & any
-FE“#E:H"L_) -.ﬁlit'r mtéﬂa‘bt =) °

on
hi‘rl_-j Cemkbr;
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Since for & [0,4] all B (B z ©  see definition of
Comygk Cowndi T

Convesx Hull

ko4

Io oe / Control Polygon

Bezier LCurwve
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Lesson X: B-SPLINECURVES
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Lesson X: B-SPLINECURVES
UNIFORM NONRATIONAL B-sPLINES

EP]inL : FI-E':L.":H-. EL"EF o4 mebal used by drall percens to |n.«_}
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Recursive de dinibion of B-splines
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Lesson X: B-SPLINECURVES
B-SPLINE PROPERTIES

“'L [

SUMB = Spline propec Eies

%
‘._":I

-Th.;_,.ﬁ"_' e eS of Ba-splines .
Pﬂll'j 2!-“:“:1!:1:’:: :‘l’d-ﬂ"‘ ofthe Cuvve is equal to the num ber ok &tLLﬁlhg

- The Curve by b-.l:-';
Cuvve does neol osc il
dt*ﬁhi‘hb ?nﬁagm

Y- Curye 5¢nfralhj -palllnws' the ﬂ“"iﬂflt ol the de {

the Var:ial ion dihiﬁ‘i‘i"f\‘lnﬁ Pﬁ?ff'tljjhui Y
ate about CLLN il:ru'.-.bh'l; line more ofbew Ehaw 1by
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INIFORM - knol values are euem15 E'Fntecl

tﬂﬂ-zat:]

PEN UNIFORM - has ol ki pl;

¢ity of knot valves ot the ends cqual

ko the nrdE‘l‘"'l,' ﬂ* the E;_'s,P'Hn"_ {-\uhcl'l:ﬂ'ﬂ . I“h"“n"
Kwok valves ave evew ly spaced

Rz [nﬂ‘lﬂ%‘f‘r]
(h=2) AR=3 [ooo1234 447
(n=3)

(n=-)

R=y [cooco 123444 4]
Special case Single Bezier curve
[eocoo -H-H]

|
oM UNEFORM . .mnﬁ be Ei‘:hﬂr U“!quﬂ“ﬁ. EP&EEJ .:u-.J lov mu”:'uptﬁ
interna) kot values

[coe -4 211]
Ledzz 347

Fovr multiple knot valves within the hwot rector o
Cusp OCLurs
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Lesson X: B-SPLINECURVES
B-SPLINE CONTROL HANDLES

b Lo - |

,..i-FPLE Z}thh!'.;ji;iiuﬂt{ .,ﬂi.-']l-_h-r}ll hﬂﬂdlﬂﬂu are uted ko LI.IH.FIU ew ce bthg
—C:uhﬁinﬁ the k_:jpt of hnok veclor
-C ﬂ“gina the order

- Chayl . .
'I"Er?;;?g;:“ﬁ the number and Pf::.'s.Lmrh of the dg{m;ﬂﬁ pol
- us-n5 rnu'lhipl;_ P':'I‘:!&,ﬁh VErll*ices.

m:lt}?l::hhmu““ le .h“'ﬂi valueg in the knok vector
P not Valve Iﬂtrﬂdu{gg ﬂhEF‘ﬂ'ﬂ'\ ﬂ,; T evo ]Eha“q ) Furl:hﬂvr

u'li"sp'lt wmtevior h
_ not valueg : pe tn

ok , i1 contrast ko mulliple palyas
iceS,redvce the i fferen Fiabilita ak x,; to c"""""*ﬂf where

' £ Fied is Hhe mut b Plicity of the inFerior hpot voluve

) gon
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Lesson X: B-SPLINECURVES
B-SPLINE CONVEX HULL
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=2

E—'Ep'l'ma cenver hull

Preper Lies for colineaw

Curve Seqmen ke

Lesson X: B-SPLINECURVES
B-SPLINE EMBEDDED LINE
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Lesson X: B-SPLINECURVES
RELATION DEGREE/SHAPE
MULTIPLE KNOTS
2 mu'ﬂi?'lt

d"‘-// Verkices

zmoltiple
Vevbices

no l/

mul ki p’: Vev bices

de

. 3 . .
'F-H'E!’_J'_ l."1 Hmr:l.:“ﬁ rI!'r-l.f_:‘_rq!.-_ £ L F""‘i'!ll“ﬂ_. E"[FEL"L‘F'[' -t(_';lr‘tq,lgli'.liull_:u_r-‘l.a:j jl.‘l 4
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Lesson X: B-SPLINECURVES
KNOT INTERVAL INFLUENCE ON SHAPE

—t E —_—
N V4 Uq v Us Y4 V. Y

Twe qua.dml'ir.. ¢l osed
B - S?'li-nt curve s with

the Same Con brol pa"w_-, & oW
bul d'mﬁanﬂE kwe kb Sequewn Ce5
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Lesson X: B-SPLINECURVES
DUPLICATE KNOTS

E‘;-. EP!‘LnﬂE - Dx:pl.it_',a_l’T(‘-". Hhﬁl.""-:- — Discenbinui I:.:j

dv p]': cate knok

Nomn Um-Farm B--EFHHE. Cuvrves =2

a) knokveckor fooo12333|

!:.3]' Knok veckor (e 422 ?:?:«‘5-] 89



Lesson X: B-SPLINECURVES
UNIFORM B-SPLINES - NOT USED IN CAD - BECAUSE NO
ENDPOINT CONTROL

Uni{‘ﬁl""\ 5'9?"1“&

wnobvecbor | ]
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B-Spline Properties:

- Convex Hull

- Local Control

- Embedded Straight Line
- Conic Section

- Degree
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o/ 49 o3

B-spline Control Polygon
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cll o2

dB/ o4
o0 OlS/’ .
/. &

ol / 4G

Convex Hull of B-spline : Partial Convex Hull 1

o3
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o1 CHe e

o4

o0 dS-/’ .
/. &

ol / 49

Convex Hull of B-spline : Partial Convex Hull 2

ol
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ol =

Sk CH3| g4
o0 o5 fﬁf,ffﬁj e
i &
o7 i

Convex Hull of B-spline : Partial Convex Hull 3

o3
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ol =

043/ o4

CH4

oo d6
/. *

ol / 49

ell

Convex Hull of B-spline : Partial Convex Hull 4

ol 9

96



cll =

d3/ o4

cl0 NS CHDS =

ol /

Convex Hull of B-spline : Partial Convex Hull 5

o9
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ol o2

043/ o4

olS o6
CHG

cl0

ol /

Convex Hull of B-spline : Partial Convex Hull 6

ol 9
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cll =

o~|3/ ol4
/. ]

ol / 49

Convex Hull of B-spline : Partial Convex Hull 7

o3
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oll o2

043/ ol4

Convex Hull of B-spline : Partial Convex Hull 8
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o1 CHEZ e

CHS3
43 ol 4
40 CH4
a5 o6
5 =
ol / I CHS ol S

Convex Hull of B-spline = Union of Partial Convex Hulls

KNOT VECTOR: (8 Pieces of Curve because we have 8 Convex Hulls)
{U0 U0 U0 U1 U2 U3 U4 U5 U6 U7 U8 U8 U8}

Length of intervals for knotvector:

UOUL = d0d1d2; UlU2 = d1d2d3; U2U3 =d2d3d4; U3U4 = d3d4d5;
U5U6 = d5d6d7; U7U8 = d7d8d9
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ol / CHS o9

Convex Hull of B-spline = Union of Partial Convex Hulls
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B-Splines is Inside Convex Hull
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B-Spline Smoothly Embeds Straight Line Segment
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Local Control of B-Spline:
-better the lower the degree

ol o2
W o4
ol a5 / ol

ol /

—»

i
45 o3

B-Spline of Degree n =2
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ol =

43 ol4
cli s 4G
/Z, e

ol / 4

o9

B-Spline of Degree n =3
-Less local control
-To embed straight line will require more control points in line

106



N
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B-spline curve
-Embedded Straight Line
-Circle Approximation

NURBS
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Lesson X: B-SPLINECURVES
B-SPLINE PROPERTIES — B-SPLINE CANNOT MODEL CONIC
SECTIONS

oo %= i

embedded
circle straignht line

zmi B-spline Control FPolygon
a

t
=
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ol o3

Circle

B—spli
no= 3

o4

cmbeddec
sTtraight line

ne Lontrol Folygon
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Lesson XI: NURBS
Non Uniform Rational B-spline

Rational Bezier and B-Spline Cuvves
Rationol B.spline Curves (NURBS) ave becoming the

Standard surface descriplion in the Field of IC-‘II'Dm-.-.:l
3&-th1¢%- (@;ﬁ iglhi-#'a?kﬂi:-n‘:i-ﬁnﬁ;.\ ElFEF""“ES‘\i
s 3

Raticonal Bez ity cuvves
Arationa Bezier Curve g-[ dr_%rgg W W 1E3".;-5 ELLPkﬂJEL\!inﬂ
ot an nt a'i:ﬁmg Bézier curve jn IEY inko the -F.l_r_.jp-E.r'pll_ﬂ-ﬁ'-
W= we May view this 4D hnptr.-loinﬂt--ﬁnm copy of 1E 2

a Pnll'ﬂ'l' iw IEY s qiven 6:} H fnﬁrﬁfﬁhf:illl—_t Y4 T WJT
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"k ean be EIHE"’"'*H thabt aw whh Al-;i}\-.:ﬁ' 'F-ﬁ;iilu:;ﬁg;,.'n_.{”ﬂl:';i{_r- CACLIAE] B
AIven hy_,'g -

wa h'u E: hﬁ R 1'4-""“ b"‘ 5: ()

"i‘?.ﬂ"ghm““] Wﬁiﬂhki Jbth: b form the conkrol polyaou . T
nl-!; e Projeckien of the 4D con brel palynon fwe by wy]
ot the new vational 4D pre-image of x/e)
I‘E‘n“ I:l'll we i.c_ihkg X g 3 e::‘u.:.._[ oneE (o "-Ful-{"!ﬁ.‘ﬂﬁ.l'] | Ntﬂ"'ﬁlﬂl"‘"‘ L-,L_q_l
Standard nownroational Beziey curve | in thalcase bhe denerin
aktor i jdenks cally equal bo ene . I{Same wWiiave neaative,
Lingu !u.rlhf_‘!. Ay eliur; We w Ml Ehere fove gnh‘j deal wikh nown H"'F"‘F'F'f:
¢ . Rabional Bezitr covves cuyoy all the pu-aptflt {eg thal they

hownvat ional ﬁJum’ti#‘P-ﬂ.f?‘i -Pn‘i:gt's“s . fu‘r Eth?I-LJl-htﬁ A "lH'-H*-'.-t_‘,.
" vaviawk.

W) =

3
; xek) bielE
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Raticnal BEzitr cuvrves cwyoy allthe p-raplr'c' {ey thal theyy
honyat ional ﬂ:um‘rivpﬂ.r‘.“! -Pn"i:f,ti“'s; ru‘r Eium(l-t]l‘htij B Q_H;Hl!“
M vaviamt. we Caw See tais Prowm .

M

- B)
of () = é B"IE _1‘.: :

P
- ) A4lT &
=0 o ol fj 5,,-;’ ¢ }

The baziy -fuhﬂ'inns avye nNow howeyty !

iy
wry B lE)

Z " 8718
3=0 ot
They Som vp te one 1den bically | Fhes asserting aftine

variancte . I§ all W ave h"“-‘ﬂtgattiht we have YheGouver
hull propey by,
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Wie f.['ll'i‘c« have < ﬁmfﬂthﬂ
=lnvaviawnce unch:r n..{fiw! Fﬁ.'rﬁ.mtl"“ E"'ﬂ-“i F‘Fﬂ"-ﬂ-‘imj
~endpoink m':ll? polakiown \
‘ = Variakion diminishing property
The w‘lﬂ_ ave I*:j Pic““‘h uscd ay Sha pe pa,y.g_ht'l:urs . I-F we ‘mivdage
OheE Wy the curve i ;_:ullzcl toward the Corres ponding by

.Illi L] 1 [ ]
— 000 lﬁiﬂﬂml {Jrc-?-n-.fE tES

i |"|, F .

v ?Eraiﬁd:-.h_'lﬂ‘t L,'I'nﬂu'!f'-ﬁfﬁﬂ in il.'lnﬂ.ﬂt
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- Conie 5‘:-:."5!5“‘; * By
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LLesson XII: SURFACES
TEHSOV Praciu;t: Be_z, 12 = Sutht‘:E%

T he -'Fi'rs:l:' Periown Le f:crughclh-r this class of Fur—-rn.:::%'! Wa ¢
de Cu*a‘.‘-euqu [1'355—1'?.16'33 \ Ih‘.fiﬂ,"'-j s Beazierv

“"""';j vsed te CPproximote a givew Suvbace . TE Logh some

Eime until Peo F'-"'., realized Whak any B-Zpline surlace can
alse be wribttew jw pPiccewigse Beawiew

= u.l‘ ehes epn

-

'?I;"I'T'ﬂ -
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Bilinggy Tntey Polatian

—.--l——*.____

TI:. N asw F; i {_‘lu E_'I't EF;EJ#‘L"' Sur {"ﬁf'l:'; o Il_:'ﬂ,.';-ﬂ'ﬂg £ E‘.Li?_ LT nies L
‘3'& By L NEAR INTER POLATION | while Vineaw inter polabicn iy
L Wy i '
1—]"": Eiur:ufl:&'t" l:qn;ut. bebtween bwe peint . bilinea - p-::fu.ln'-ulr;
kitg € gl'fnpi!tﬂ: JUTthﬁ: bq'cwagn F._--uu- F-n'ml::;

: : . 3,
Lt‘: bﬂ,ﬂ; b'|';‘:‘|-1 5 b"[_.n }b"J" bg?uﬁr-a;'.l:'trh-t..t‘ﬁuaﬁlbl o 1E T ¢

3“?—!5' '5""} all Pu]nt'!. % & ,'EE' EFe -F‘urm".

4 A 1 4
Tewpd= 28 by B ra) Biv)

L4=0 J":'

1S called o hyperbelic Pavabeole id Phrough the foer h“:}'i
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o4
Tla, )=y n o] [BEL' bﬂ{'—[l [“'ﬂ
b.fp b-ﬂ J l- “r |
X is called the bilinear r'ni‘e.l-pa hin b
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The bBilineay wherpelanh can be viewed Qal e Map ¢ F

the unik Aquart o g B, 84 ' the wu plane . We Say
thak the uw:t Souawve g Umxﬂ'\nm v of the mber 'Pn\.n.-nh_.
while the surface X ¢ ks ronge . A Line parcalel toope
of the anes inthe domain corres ponds ke a. curve in Lhe Fa o o

b s Cu,“'td oW i‘;‘nfa_rmmt‘:i’it Crvi . E yew Haparn_r‘l‘lt'ﬂ‘;f-

Curve n+ H‘It lﬂn?trbnht. Fn,,-rﬁ bg‘l.;.._tl 1S & ‘i‘}'fﬂtﬁ"\"ﬁ L;"L_,H\UE

h“;j'P'E" bolic Powe bo luﬂc’t! ave ruled F‘u\'Pﬁft'ﬂ . Ln Fa.r'tituln.\-,l‘."'!l
|IDP¢F:|-H1E'LT';I'. ne =g ]tmn?flcd ento thi E‘i"ﬂlﬁl‘lb Line H’llﬂﬂlbh}\
bq,a nn‘a bgﬁq .

Instead o tun".u,,i,-‘.nﬁ the bilineaw tnktr poloLw's J“"*-H'j e tan n.F.Fllj a
two stasne process :

e,
bﬂ_,ﬂ = (a-qr) bﬂ,n + v be

@4
b—l,ﬂ = (1-v) ‘:L.hu & 1 b-jd
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E,"‘
bﬂja = (4-qr) bq,n + '-'U"[!JEJ*I.

&,
b-l_,ﬂ = (1-w) l"-'f.i,u &+ 17 b'h"l

4,4
i, )= bﬂ,a fu,wr) Ca=t) b;";
4

This amoun's e Cown
A = ‘-!!- -i:il'l"i't'

0,4
*ub,lg

pui:inn:, the coefliciente ot tha -u:nrnrmwﬂ:ﬁﬂ. Lvvie
and thew evalugkine s 150 pare.metsic line gb iL=2E

The beren hagerbolic paraboloid comes Crom anal y tie seamekyy
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Cﬂhﬂdgr g'-"fFltE_ Z = Ehig can be C‘nmildtmﬁl e e,
> bilinear mber polaunt to the Lo

-t P'la_vg,q_ ff fﬂ x4 F""'"": Peinks: : :[-i . -l:f:] A
'9-"":1" a3 jntergeckion o haper bola "} b‘] [" 'f;"]

- n q ':i " " "
Plane caw ta A, the z axjg < Y= Qives o .F-n-_rn.,'l:n}l.l__
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T-hf_TﬁhSﬂ s _Pr-lf;.::qlu:_l? HEF_r_EEJ.h

:J:_HI:H.LH-.:L defiai bion of o. surface . A surface jebhe locos -
6 Corye thok IS roviag bhrovan space and I:'ﬁl.l'l:,h-j chanainy ite
shape.

jﬁlumt I:‘ﬂﬂ.!" I!‘it T’:'-c-u'.n..:‘ Corve 18 o.Bezier curve u;.--l- :.'I:-.!Mn"i‘
tl&'l'[! . Ak ﬂ.ﬁ-ﬁ b"'m't I;|!"l‘|"l'. “'1:“*;."1!' CUPVYE L% .H'I!'h dl‘.tl‘."l‘l‘l‘b-'cﬂl'l-'l h"j_ P

ni‘c"'“‘: vo) Pc'.'“h': - Each ﬁrih] nwal cont rol Fom moyed H‘Tﬂl}llﬁ"‘i Ipace
orn o Corve . WE dassuoma bthak Fhi% Curv VS alse & B eichr ~urve.

And that Hhe Corves on which the Cembrel points viove ave all of bty
Jame deovree

By = Em by B ru)

T=g
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<t each bi bravevse a Bezier corve of degres
w
bi=bitvy= Z Pé 4 By ¢nr)
j':.l.'} ! 3
my N i t{:' i) ‘5"’{ N
B 7w,y 2 & Pey Bt =Rty
€m0 J=0 '

The evigina) Cuvve b'“mj new has Bezier peinks bé,,:z—-,f:": G
Propecties

4F-'E

" I f
L]

|J" 'y '
» buu:j:::m'ﬁ-.;:_ *-E‘mbhm)ri.nw-,; < i Llr-."!-L,JB L

=y &

;j-_'.l:. €750

. Atfine mvariance
- Cenvex hull Proper by

- Eoundnfﬁ Curves . The boun dar
emial curves | Thely Bézie
F"Di;'; fons ol the conk

wh O yran ’-’-*‘ ke F—-'-‘I-I!r.l‘l i‘.‘lm'ﬁ e,
Folyaons are Vi bubhe boundary
rolnek | e four cerneys of the conbye | nek Lie on bl
Variakion n}]mihishlh:ﬁ Oropevhy Defimtion wekalear for -L_thif:.{: 1
S—_— ; Y fase

Tk g 205y be Vidueslize o Pﬁ_"-l..\'i ok e th‘[ﬂ“&k{# 'l:n.ll’ = lﬂ]‘rn‘.ﬁhb Lige
while ks combrol nekig nek
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Bezier Surface
of degree 7

=il
=

"‘ a_-#.;,i‘-'l'-?. “ ,
o e N
B e g g A T

.nl A * : o ‘?‘;
NSNS oo A Y s

LT =]
g =

—

~ b-spline Surface
z ﬁm._ of degree 3
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Bezier Surface
of degree 7

=il
=

"‘ a_-#.;,i‘-'l'-?. “ ,
o e N
B e g g A T

.nl A * : o ‘?‘;
NSNS oo A Y s

LT =]
g =

—

~ b-spline Surface
z ﬁm._ of degree 3
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!

= R

e o
e .
o o T e R e e e e e e
e e e e Sirm,

e N of degree 7

rd e e e e e e .

-ﬂ##f "'-'-""i:-‘-“;- = = == — === #aﬂ‘i “““ g

L LTI S e e S e e R e o
o o st N
i o

SUTNS

N
#i
N
R0
o
5%
99
~

b-spline Surface
;- z i =
R of degree 3
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Bezier Surface
of degree 7

=il
=

"‘ a_-#.;,i‘-'l'-?. “ ,
o e N
B e g g A T

.nl A * : o ‘?‘;
NSNS oo A Y s

LT =]
g =

—

~ b-spline Surface
z ﬁm._ of degree 3
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= R

e o
e .
o o T e R e e e e e e
e e e e Sirm,

e N of degree 7

rd e e e e e e .

-ﬂ##f "'-'-""i:-‘-“;- = = == — === #aﬂ‘i “““ g

L LTI S e e S e e R e o
o o st N
i o

SUTNS

N
#i
N
R0
o
5%
99
~

b-spline Surface
;- z i =
R of degree 3
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b-spline surface
degree 3

A —
X050
s .
R N NS e L e L e T
7 S e Y

=

il
. e __-r.!..:'f!_,_._.:-_..

T

e

-
e e
e e e
] T .
= e

b-spline surface
degree 2

e =
i
oy iy
A

e I

i
e
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Normall Veckers - Tensor Preduck Bezier Suvrfaces

The nnrmu-luﬁt.'k:nh* n -:.--[- o Suw ‘}uce s o novwali ;Er{ ve ctor

thak S novymal to the suw -E:'E'-"-’.E ak o ‘Eh.h'”ﬂ"" poink

':."r"ﬂlﬂ'&. Pr-& éur._".‘ cajf nmxb E\.PG veckews ok ave Eﬂﬂ?}ﬁthh te thalt

iorface at Yhat point S0 R/, |
* 1lreis F‘I'HJ”‘
Wwonc Modvluy

n

wm, '3__ b
h[u’fu")-:___%:ub C'J-;'lr}‘ﬁh_u.

|2, 8™ )« 3 B

‘_":: 'F:Ln.p_ #‘aur Cov neyg -ﬁ{ U‘di‘: Pu\:r:."n whe l::h"tqim 51.%,?\-.:} ;:I-.{:&TEW;.':-
':’% bﬁuhcl!m.fg, P#Hﬂk‘&l

idem !

4,0 0,4 b - b, 4 ba
A" by o R A7 byy Ho ) T, Pt

H&™ boox 4% b0l
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Tl":hh'ﬁi"ma.l ak one 'ﬂ"‘i the corners 1% Uﬁﬂ-:{iﬂE& 1_? .ﬂ-hﬂ'nﬁlﬂ ﬂm-nt
0,0 Ve lineay t'."}. cltFthclenl': v W +iw& a de qewe rate CAPress e !

&ﬂ
o :
—-— The Corves ?"“d‘““j Pn"cr."n i Bhen colled cﬁt%tmeuﬂle_

l.:'f '5.-"r.'l ill}.r_'.-;i '.'-r."r.'r . Eavs

I—_!'.l.-_l.- 1”-].:_ b i e -__'. "|.'|__\__I;:-a. L=
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Nevenala ek all feur Covhevs ave.
debermined by, beinvgles

wheole bﬂﬂﬂdn?tﬁ_ LT IE f:-n’l'l..n.-pitd Mo o E’-hq;,\l peink a.q.

bﬁﬁ: I:Hb L "‘=Ll‘hﬂ = C thewn b(u_’p] wﬁulé A'Elaﬂlﬁ‘! rate :_ﬂ't{g o
?.-I.ﬁql'l-l POiwE. I s tases ,'H"il. ﬁwmg.‘i_ ST AT- ak V=oo h'lu_:,:l (s 1'g ’l:"‘l'::..tj L T
be H.EJE"-“E::[ . Consider bthe l:-n-nﬁt.n.h; o} the ilﬂpﬁ.rnmqhilr_ limage We Ll

e lvated a% r=o . These banoenbks musk be perpendicslar ke the
aermal vecter  F 1 exisks . Se a condikion for Bag exi:bevice of the nevias
I'J'E'.L\CEH" ak C I E'ﬁﬂ_.t all ar- in'&igﬂ.g lguﬁ‘lggﬁpg&- el Vmo , ave GO FIEIHD.I..-'.

E‘Ul‘- .l'i""“:'-'h.“ 15 T Qwi #ﬂl‘lt.ﬂ]'.:‘ o han 'ﬂ.-'..I J---Jh-m-q. ﬂ.h& . htlnﬁ :nf'iﬁnﬂr
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TWISTS
' * - : il DA
The bwisk of & i::a'\qﬂn-::m\-n."s suv face isTits mixed pavkial @ 4,00

The Ewick serface o -F B s o Bez iev surface ef degree (m-1 -1},
and ke veebev coce fficients have the form mn ﬁ*nbf‘ i,ﬂuge coefficien -
nave & hice geomekvie inter prebation 2

(it 3%% The poink P, 5 iy the fourthpoint on the

A
o pavalielo grom bq;',ﬂ}h_g.,..,ﬁ HLEPRe
bij Py) o Pi - EJE'P’;:!- = b4, 44y - be g
{ ﬁ I b'! - b.
51T Vi 044 ~ P,
F

. 4.4 |
1 I"H-F- i::'l, ! bj.’T Miéasore Hhe ﬂq wink e o feach '.l-u"':'luul.:l.t r'!q,ﬂ.'!.‘i_h'nllh ety = Ff_l.r-n'l": .

oy i
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Twisks
The Fwicks at the f-t::u rcorimers detevmine the deviakion of the ves peckivg
c?‘”“"" iubq_un.d'r'. latevale of the conk vl nek from pavalle |l e o raw
for exaw ple

DL

T

» 1.1
O D)= B ¢
s (0.0 nd b""'“

This bwisk Veckor iS & measuvre for the -:’!:ﬂ‘.u":;nn.f.a’; bag Frem the tangen
plone al bee ) ‘

An interesking clasc o b surfaces is oblained { all subquqc’r;:‘u#dll
b':f'j > bﬂ'ﬂjj _;ba::'_rg;-fj ﬁi.'”,rj” are para fle fﬂsram'ﬁ 3 in H’%’t'\!' case the

twist vanighes evevgwhere | Sueh Surfaces ave aalled translationall
Eur%ngﬂ-
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- Oon 3 F.rﬂ-!:i_:l-'h.:_ -

F‘hﬁii{-n_!. mﬂdﬁ_‘ —'}“d:lﬁ; iﬁlleﬂi — 'Flﬂnl:u‘r& l‘lnﬁ {:_F.Rm |‘.".|""'-'£5
E'nmu?"l- diﬁu'ti'z.ﬂ:d peints) = The reiuih]hj nebwerk ol cuvves

how mus b be E.pmp'agbn.:l i gr.;lcr e 3.:““-11]1 - {ul_l_ sur{ncr; cﬁci‘ckipﬁun
ﬂ" khe mﬂ'&t‘ -% This cawn be Sﬂ"ﬂ'f.a U W ?J Coons ﬁ“_a Euraﬁh l_.."._-ri-nfﬁ

Roled Surlace s Cled bed Suv faces)

Problew | givem kwo space Cuvves Oy and €z, bekh detined over

the same paco melerinkevval we [:#:,'13; ﬁ“.-_j, a Sor{gce x thal

find % soch Lhak
X, 0y = Cy fu-'}, o€ e A) =Gy Ct)

“'ﬁPp o5kt boun &n.rﬂ Curves i
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g E.l':n“,eJ L'I! ]
& problem h - ~
'Qimp‘iu}r "one as infin tﬂ'l‘fl man sy sclehions, Se we pich

TCLT) = (4-1)Cy ) v €, fd)

We See bhal rvlje:j-u ITJ = l{:‘1-'1'!--) I—-C”-,Dj 4 17 I{U-,‘l-_:l

I'l“'l'-tfpﬂ\.ﬂ_l o Eui:"Fﬂth'& have the familior "Flﬂ-'u'ﬂ-r ";’i‘ L i ey

. : EUEf‘j LSﬂPﬁh‘ﬁmElﬂiﬂ_ [ine (L= Contgk 1% mgi&}utﬁhk
WNE Segqment . Now we inberpolate ko whele curves nek josk P‘-'*I”'"H!-
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r"\&' Che 'I“'LFﬁr‘:'.lﬂk at PE-Ll:' q‘.rl' ol r_f.ll suvdaces is
the .:&ehefmli}:, that i3 allawed for the et
Curves Xlw, o) awvd x Cen,4) ; there 15 ne
restrickion om them other than havivg Fo be
'f!"? INE aypy the Same para meter i‘*‘lﬁ:ﬂ"‘“""" .

Cubic pe ij nomiol curve =the other one oo
S'P“‘""- afF Ve o Pl‘.’l'-}%ﬂ“

Coons pa kcheg . E-ihhtnrl!ﬁ Blen ded

A 'i'U-"-fr:! ?ﬂ'{nﬁﬂ- %H‘I‘t'r?ﬂ-l-ﬂj'é'i te bwe boun d#‘rj Curves —=a re-:‘l-unﬁq-'!n.'-
S“T{!“'T-E,v I"*"WE“'-V, has Lour bﬂu“&nf*-j CuvyeS _,u,nq:l thalt is

Precisely bo what o Coons pateh mtberpelotes .
C2
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DESIGN MANUFACTURING ENGINEERING

BEZIER B-SPLINE NURBS

bed Invariant Invariant
Local Em ded Model Conic Invariant Jn;ar Jn:;a:
Degree n Line . Under Affine Convex Hull
Control Seament Sections Tranform Parallel Perspective
g Projection | Projection
o Conex Hull of
Bezier | L1%ed: Number of NO NO NO YES YES NO all  Control
Control Points - 1 .
Points
Variable: From 1 YES cui:f:::us
B-spline to Number of +- (n+1)2 YES NO YES YES MO of 1+
Contrel Points -1 Spans Control Points
Variable: From 1 YES Cai:rxn::lls
NUREBS to Mumber of +- (n+1 )2 YES YES YES YES YES of n+1
Control Points - 1 Spans Control Points

COURSE AT73.01

ASIAN INSTITUTE OF TECHNOLOGY

CADICAM

ERIK L.J. BOHEZ
OCTOBER 2003
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Lesson XII1: SOLID MODELING

v'Construction Solid Geometry (CSG) Boolean Operatons
v'Boundary Representation
v'Volume Elements (VOXELS) Octree/Quatree

v'Hyperpatch Parametric Polynomial X(u,v,w)
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Boo h'.'nn Oge I"‘ﬁ.hnhh

Bﬂﬂ’ltlh aflrt‘rmh.‘l Can ba Uiu‘ ke
i-nllrua.—..b the ﬂtahtlrr_ Hi&l.'l

imy Eive
Cvbe tyl Svre Solwp

Cq.- €2

L_Ci@,_l @ Q R1 = (C2-C1)

R = (C2-C1)-CY1

3"




ckomple ot o dute shracture 0BIECT/SoL\D
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R N N
.
"
l\\x\-\k'\-\.
o Py
§
",
]
"
3D
2D

]
A~
i
RS ,
OCTREE -
QUATREE -

Cell Decomposition

Voxels
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719 Sat-a!/hulpfrpmi& ’

5 E? Lol uyvyawe) = s (o w) r“:-uﬂchﬂﬂi oF
A f“fl’r! wr) — ,j'{'u'f w"/,] 1 1'5"‘
= u‘l e 4 P@h‘ﬂrneiﬂfh
Z iy nwr) :Lf-"*-*flﬁ,r"*“’j
'ff.u

Vgt 0 rl..-"
l::l,i_.'-"

W 14,4 |
Y1 18,4

Most used Solid Modeling systems are based on CSG & B-Rep
Translators are needed to Translate from one representation
to another
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Lesson XIV: CAD SYSTEM ARCHITECTURE

PHIGS) OpenGL.org

[TGES) [GKS] ——

\
Nowt apase - wPrLICATION |, sRapiIcs ‘
| 3 | —
STEP [PROG RAM ALl AGE

I von
)
OTSPLAY |-EF'LJ /Jg +J
DLFFER| -—_.>
LEGERD FRAVE Jlﬂj \ <l.-.£:~[:.___
- Burroe -0 ' L
T i 7
P INTERFACE ;
FP INTE - WORKSTATION J
| ] sTANDARD LNTERFALCE | \
’ ¢
f.
J |
USER

IGES: Initial Graphics Exchange Specification 1SO 147



Evolution of Standards in CAD/CAM

Initial IGES
(1979-1981)

| PDDI
(1982-1987)

CAM-I
(1973-1984)

Initial PDES Study
(1984-1985)

{1ng;2} STEP re-organization
(1989-1991)
STEP
| “Initial Release™
(1994}

VDA Standards
(1986)

Initial STEP Proposed Standard
(1988)
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Lesson XV: IGES-STEP

Sender's Hecavars
CADCAM CADC A
EyEIEM system
e, —__-._..I
ﬁ—__—% IGES IGES F:*--H— ]
”ﬁr:'“; 1 PIEQrOCESSEE posipracessar |—w| | Mabve
(proprietary) salberare sofware | {propnaary)
b Jorrrd III:':.E wformat files. .
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Error imeesage

iog=a
1
| Softwane utiimes that don |
change the HEES Ho: |  aoairars CALICAM
) Analyzess, Browsers, | EEWErS
Senders CADVTAM Chackies Vs gy b
gyalam —T
_ —_— | | Usermay do
| User may do | KsEE IGES ' precedural
procedural AraproCaRsor softwang podlprocesscr soltwane ; Hervoring
Pt [ —
s Lisar man' apply Lisar may apphly !
g rar Al programmanc -~ e
o '—::I ™1 Nesvarning thoagh favreing theodgh - L A
swtiches el
e optkans or adtchas aptons of swilc ee |
HM ) s I' = =——r—rT T I. f ipr_:FnE}_arrll I
(arapeialany) | formatfiles
l,____rl:'lll"l'l-l’l! i Errar meegsi e Errar msszaps ! T —— T
L S — - m ":E:I’
Saltveare CikHes (ha) do F el
change the IGES Nile. | tranglalon —
;Fl-l.l'll'tlﬂﬂl!'l'ﬂ. Ediioen, Filiera | | or oifuer Liliitios [ b
. | i Yormal Mles
Ermror message Ermar messaga
legs logs !
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Start g

IGE% file ganerated from an hataChD drawimg by the IGES
eranalater frap Autodask

translator warsion [GESOIFT=1., 04.

gaoaonil
5000003

, o JHTHE , 24HG | COMMON |, LESSON , 165, TGS, 10HAtoCAD—11 , 1L2ZHICESOUT-3. 04,32, 38, 60000001
Gilobal 6,00,1%5, IHTHP, 5.0, 1, 4HINCH, 32767, 3. 276701, 1 A% 10029 .. 065145, Cooouooa
1. 9044561 766E670-9, 1. 9044561 7668671 ;184 T.C. ICES Ug cOD0D0O]
e B, OF - i GO 000004
:":' 110 1 1 i Equivalent graphics: Q00000 HOBoGNN0]
LLO 1 DoOGINZ
11D 2 i 1 T AfEHOBONODOD0DS
110 L (Rlallalil L]
160 a 1 1 O , 1.0000 g elyllelalelal s fule]alil i)
110 1 | 1 DEOOBENE
114 4 1 1 (¢]eTelale aleTala eluTil] Ik
| 110 1 o fazalalalelelss:
1400 5 i 1 0 (Rlaletatatqla LTRSeta Li L alis
140 i nﬂﬂﬂgﬂlg
: 13 [ 1 1 000101005009801
Jrectory 212 i 2 DO000012
entry 106 B 1 S00101 0000000013
106 1 1 40 OO0 14
10 0 1 o ieLeeheeethls
1LOE 1 | 4D OOGDRELS
214 11 i i g ek Nehefuluiullalil c}ih iy
214 | F | ooono el
214 12 1 i D001 00000GGH1S
214 ;| z 3 Ooononan
216 14 1 i d HHOBRIaI0000002]1
:} 216 i [afaldfulaliF 3
1i6,0.0,0.8,0.0,1.0,0.0, 1F0000001
110,1.0,80.0,06.6,1.08,1.0,0.0; 3PO0a9002
110,1.9,1.0,0.0,0.0,1.90,0,0; AFH000001
110,0,0,1.0,0.0,0.0,0.0,0.0; TRPOOO0004
L, 0, 0,0, %, 0,5 O T8, 0.8, 0,78, 0.8 GPoI0000%
Paramealer LR, 16,072, 0, 18,1, ,0,6,0,0,1, 144561 TE&E56T0D, 0. 41, 0.0, 6H1. 0000 LIPCRGO006
I 11 PO o7
dala A6, 1, 3,0.0,1.0,1.0,1,06356,1.0,L. Y34480L 6086700, 1. 0} 1IPCOGE008
L6, L,3,0.0,0.0,0.0,1.0625%,0,.0,1, 7244881 VE656T00, 0.0} 10POROGOOS
F14,1,0.10 & a0-2,0.0,1.54445617665%6700, 1.0, 1. 5444801 TRGSATRY, ATPO003n10
Q.EBT 1TPOO0GG11
204, L, 0. 08,6.00-2, 0.0, L. 5444561 76656T00, 0. 0, L. 544456 LTEG65ETIF , 19F0000012
0.2 150000013
- 216,11,17,19,13,15; 210000014
Terminate ':‘,‘ 80000002 G00000 08 D002 200000 14 TUa00001

Sample IGES file 151



® The Standard for the Exchange of
Product Model Data

= An International Standard
supporting:
exchange of information between
engineering applications
long-term archiving of product
information

implementation of shared product
databases

#1SO 10303 “Product data
representation and exchange”
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is an ISO standard
defines a reference model for describing products

supports the full life cycle of the product in multiple application
domains

more and more systems are supporting STEP - STEP is in use
STEP development is ongoing

= STEP and Documentation

product models are a beneficial resource for documentation
applications

documentation data is one component of product model data
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# Information on STEP in the WWW

NIST Server : http://www.nist.gov/scd/www/stepdocs.htm
STEP on a Page : http://www.mel.nist.gov/sc5/soap/

STEP Entity Graph Viewer :
http:/lmwww.vx.com/cgi-bin/STEP/ent_grf_utl.cgi
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Description
Methods

Part 11
EXPRESS

Framework

Part 13
STEP
Development
Methodology

Application Protocols Parts 200+
and Abstract Test Suites Parts 300+

J

Application Interpreted Constructs
Parts 500+

]

Application Resources
Parts 101+

Generic Resources
Parts 41-99

Implementation Methods
Part 21 Physical File,
Parts 22-29 Data access method

Conformance
Methods

Part 31
Conformance
Testing
Methods:

General
Concepts

Parts 32-35

Reqs for Test
Labs & Clients

Test Methods
for File & Data
access method
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INTEGRATED RESOURSES

( Product )

Formation )

{version}

Life cycle )
definition
( Properties )
@‘.oprowntatina

Aircraft: A240, engine, radar system

A340 prototype design 1

As-Design definition, As-Maintained definition,

Functional-design definition

Shape, material property, design requirement,

functional characteristics

Geometric model, chemical composition,
textual description, measurements, numbers’

156



Application Protocols Parts 200+
and Abstract Test Suites Parts 300+

J

Application Interpreted Constructs
Parts 500+

Ny

’

Integrated Resources
{ Application Resources }

Parts 101+

Generic Resources
Parts 41-99

AL

LY

Implementation Methods
Part 21 Physical File,
Parts 22-29 Data access method

-

Conformance
Methods

Part 31
Conformance
Testing
Methods:

General
Concepts

Parts 32-35

Reqgs for Test
Labs & Clients

Test Methods
for File & Data
access method
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EXPRESS Language — Description Methods

Graphical
Representation

PJ: glll ;3:]_ of _product product

version T - -
product_ DMM of_product
definition N first_equivalent

second_related first_related
_definition _definition product_
product_definit. product_definit. i““feg“r‘:a |
_relationship equivalence |__SET [1:7] of subcategories

Textual
Representation

SCHEMA
product_definition;

TYPE identifier = STRING;
END_TYPE;

TYPE label = STRING;
END_TYPE;

ENTITY product_category;
name : label;
subcategories : OPTIONAL SET [1:7]
OF product_category;
of_product : product;
END_ENTITY;

ENTITY product_version;
ident :identifier;
name : label;
description : OPTIONAL text;
of _product : product;
END_ENTITY;
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Description
Methods

Part 11
EXPRESS

Framework

Part 13
STEP
Development
Methodology

~ Application Protocols Parts 200+

~ and Abstract Test Suites Parts 300+

Application Interpreted Constructs
Parts 500+

Lok

N

’

Integrated Resources

Application Resources
Parts 101+

A

Generic Resources
Parts 41-99

fes
~,

.

Implementation Methods
Part 21 Physical File,
Parts 22-29 Data access method

-

Conformance
Methods

Part 31
Conformance
Testing
Methods:
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Concepts

Parts 32-35

Reqs for Test
Labs & Clients

Test Methods
for File & Data
access method
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APPLICATION PROTOCOLS

r.:rf STEP Product Data for Generic Resources

a given application undamentals
context.

measurable and shareable—b
subset of STEP capability |

that is expressed in an H, fgrlem
Jplication Resources

Reqmred i
= An AP represents a STEP Resources e ‘““’"
Fin

Draughting

industry’s or discipline’s L 7
terminology. ] {(

! Application /
Protocol Require /
ments
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AP Test
Purposes

&

B

|

£l

Application Activity Model
A function model that describes the activities and
processes of defined application context domain. This is

a requirement document.

Application Reference Model

An information model that describes the information
requirements and constraints for an application context
area. The model uses application-specific terminology
and rules that are familiar to experts in the application
area.

Application Interpreted Model

An information model that describes the STEP data
structures required for functional equivalence with the
application contexts' AAM's and ARM's.

Conformance Classes

Descriptions of the valid populations of the file, which
serve to define conformant uses of the AP.
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Description
Methods

Part 11
EXPRESS
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Part 13
STEP
Development
Methodology

Application Protocols Parts 200+
and Abstract Test Suites Parts 300+

|

Application Interpreted Constructs
Parts 500+

Gl

Integrated Resources

Application Resources
Parts 101+

ANy

Generic Resources
Parts 41-99

PALE

Implamanta‘tlnn Mnthnds

Part 21 Physical File,

F‘nrl:s 22—29 Eata a::l:Ess mathnd g

-

Conformance
Methods

Part 31
Conformance
Testing
Methods:

General
Concepts

Parts 32-35

Reqs for Test
Labs & Clients

Test Methods
for File & Data
access method
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IMPLEMENTATION METHODS

# Part 21: Clear text encoding of the exchange structure

Is the format used in the exchange of data via a physical file
format.

Result is a sequential file of ASCII characters described in a
computer-interpretable form.

Defines the mapping from EXPRESS into the exchange file:

ENTITY product_category: @
name : label;
subcategories : OPTIONAL SET [1:7] m

OF product_category;
of_product : OPTIONAL product; #1=product_category(“process vessel”,(#2),%)
END_ENTITY; #2=product_category({“tank”,$.#3)

ENTITY product_version;
ident : identifier;
name : label;
description : OPTIONAL text;
of_product : product;

END _ENTITY;

#4=product_version(“ver-001","0Original Design”,$,#3)
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Description
Methods

Part 11
EXPRESS

Framework

Part 13
STEP
Development
Methodology

Application Protocols Parts 200+
and Abstract Test Suites Parts 300+

J

"y "
Integrated Resources
Application Resources
Parts 101+
Generic Resources g
Parts 41-99
N o

Implementation Methods

Part 21 Physical File,
Parts 22-29 Data access method
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December 1994.

12 Parts registered as ISO 10303 international standards in
December 1994. This is the “Initial Release”.

This includes 2 AP’s (Part 201) address the exchange of 2D
drawing data and (Part 203) 3D design data under configuration
control and included in the 12 parts.

29 AP’s are in different stages of ballot cycle to be standardized
Parametric capabilities
Interoperability of APs

AutoCAD, CADDS, Catia, Euclid, IDEAS Master Serijes,
Pro/Engineer, ROBCAD, Solid Designer, Syrko, Unigraphics, etc.
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SUPPORTED INDUSTRY SECTORS

Product Design Configuration Management

Core Data for Automobile Industry

CAD System Shape Geometry for Mechanical Product Design
Engineering Drawing Information

Manufacturing Technologies: Composites, NC Process Planning,
Casting, Forging

# Electrical and Electronics
PCA, PCB and Component Design
Electronic Test Diagnostic and Remanufacture

Electrotechnical Plant Design and Installation
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SUPPORTED INDUSTRY SECTORS

Building Element Shape Design

Ship Building

Building Construction Core Model

Building Services: Heating, Ventilation and AC
Building Structural Frame: Steelwork

* Process Plants

Plant Spatial Configuration
Plant Functional Design
Process Engineering
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AP214 - Core data for automotive mechanical design processes

design model

product definition d# '

E] component &
assembly design

product documentation

NC programming _ﬂ_ ﬁ ey ﬁ] part lists

; i planning of

production manufacturing
planning

kinematic and
tool design robot simulation

quality control
part measuring
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Physical Product Part
* Component Placement Structure/ Functionality
* Bare Board Geometry EGHHEE.IWIW * Termination
* Layvoutitems it LRE TS shape 20, 30

* Lavers non-planar, LI * Single Level Decomposition

conductive & non-conductive Material Product
* Material product Characteristics

L ]

L ]

Technology jjf:l‘:_::j = %
Fabrication Design Rules \ij:_::?' N W

Froduct Desian Rules

Configuration Mgmt

* |dentification

Feumetry Requirements = Authority
* Geometrically Bounded * Desi . Effectivity
2-D Shape esign ectivity

* Allocation * Control

Wireframe with Topology _ ; &
* Advanced BREP Solids Constraints Requirement Traceability

Interface Analyvtical Model
* Hules Document References

L]
L]

Constructive solid Geometry

AP 210: Electronic Assembly,
Interconnect and Packaging Desion
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PRODUCT BOM DOCUMENT BOM

Product Documents

Part 1
Part 2
Part 3
Part 4

Assembly 1

Part 5
Part 6

Part 7

Assembly 2

Part &

Part 9
Assembly 3, part 10
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WRONG o] Dwect | Native
translator data
(&)
— i o ey
TODAY Meutral ] Meutral MNative
praprocessor pOStprocessor data
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Systam A System B
FUTURE
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STEP Structure

Application protocols

* Explicit draughting _
» Associative draughfing (200) series
+ Configuration controlled design

Integrated resources Coenformance
» Fundamentals of product lesting
description v General
EXPRES | ~ oonceps
CAFRESS * Geometric & topological
represantation « Test lah
1 _ requiraments
* Representation specialization
(10 senes) (Parts 40-199)] | (30 series)

Implementation specifications
* Physical file

» STEP dala access interface

(20 serias)
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STEP Series

The 10-Series. The |0-series parts comprise the computer-interpretable area of STEP This area
allows all users 1o operate by the same guidelines and rules necessary 10 mainlain consistent, accurate
data exchange. EXPRESS is the data modeling language used to make STEP computer-interpretable,
s language can be compiled to produce “C™ structures, SOL statements, or other similar types of

information. This language is an impaortant advantage of STEP over IGES, which offers not hing com-
parable,

The 20-Series. The 20-series parts define the physical file and database-sharing exchange area and
are the enabling tools for STEP data transfer,

The 30-Series. The 30-series parts define conformance testing requirements and are used for data
and application verification,
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STEP Series

Solid Modeling and Product Data Exchange Using STEP (PDES/STEP)

The 40-Series.  The 40-serics parts are considered to be the bread and buttet of STEE These parts
contain such generic resource information as raw geometry and display attributes amone other things.
These and the 100-series parts are the tools used 1o create application protocols (APs).

The 100-Series. The 100-series parts are similar in concept to the 40-series parts in their use to cre-
ate application protocols. The difference between the two is that the 100-series is specific to an appli-
cation area,

For example, multiple clectronic APs may use the concept of a drilled hole in a circuit board. The 40-

series parts do not contain anvthing as specific as this, but a 100-series part could be created that defines

a dnlled hole, Then, the multiple electronic APs would reference this 100-series part. This avoids mul-
tiple definitions of the same physical component in similar APs,

The 200-Series. The APsin the 200-series parts are where STEP meets the real world. They are spe-

cific applications of this technology in various industries, Today. the automotive, sheet-metal, and elec-
tronic industries are just a few examples of companies defining how STEP will be used in their specific

applications. As this technology is more widely implemented. this area of STEP will be in 2 constant
state of change and growth as more and different applications are developed.
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IGES Entity Type 126:0

Rational B-Spline Curve - Form 0

IGES File:

1H, ,1H;,TH126-000,11H126-000,. IG5, 9H{unknown }, 99 {unknown}, 32,338, 15,308,

15, 7H1Z26-000,1,,1,4HINCH, B, 0,016, 15H19970830, 164828, 0,0001,0,,
21Hdennettewiz—wary, com, 23HLagasy PDD AP Committees,l1l,3,
139920717 .080000, 23HMIL-PRF-2B000B0, CLASS 1;

126 1 0 1 0 0 0

126 0 2 5 0
126,8,3,1,0,1,0,0.,0.,0,,0,,1.,2.,3.,4,,5.,6.,6.,6.,6.,1.,
i.,1.,1.,1.,1.,1.,7.,7.,0.,7.01111,7.15385,0.,7.03333,7. 46
0.,6.86667,8,15385,0,,7.5,7.92308,0,,8.,133330000000001, 8.1
0.,7.96667,7.46154,0.,7. 98885, 7,15385,0,,8.,7.,0.,0.,6.,0
5 1G 4D 2P 5

Gl Gl 0l

1 Gl

.

oooooaonln

. 1F

1F
1F
1F
1F

T

=

Fm d Led P2 T
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The last DE number in *.\igs\126-000.1GS" is 1

k*khkkkhkkhkkikkikkikkhkkikkikkikkikk GIObaI SeCtlon *hkkhkhkhkhkikhhiiik

Parameter Delimiter Character =""
Record Delimiter Character ~ ="}"

Product ID from Sender = "126-000"

File Name ="126-000.1GS"
System ID = "{unspecified}"
Pre-processor Version ="IGESXTRACT(tm) Version 5.3 (Jul 29 1997)"
Number of Bits for Integers =32

Single Precision Magnitude =38

Single Precision Significance =15

Double Precision Magnitude =308

Double Precision Significance =15

Product ID for Receiver ="126-000"

Model Space Scale = 1.00000

Unit Flag =1-Inches

Units = "INCH"

Maximum Number of Line Weights =8

Size of Maximum Line Width = 0.0160000
Date & Time Stamp ="970731.034906"

Minimum User-intended Resolution = 0.000100000
Approximate Maximum Coordinate =0.000000

Name of Author = "dennette@wiz-worx.com"

Author's Organization = "Legacy PDD AP Committee"

IGES Version Number =11 - USPRO/IPO-100-1996 (IGES 5.3)
Drafting Standard Code = 0 - None Specified

Model Creation/Change Date ="920717.080000"

Application Protocol/Subset ID = <default>
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k*khkkkkkkhkkkhkkikkk Terminate Sectlon *khkkkkkkkhkhkikkk

1 records in Start Section

4 records in Global Section

2 records in Directory Entry Section (1 entities)
5records in Parameter Data Section

khkkhkkhkkhkkhkkhhkkhkikkikkx DE - 1 *kkhkkkhkkhkkikkikihkkhikk

Entity Type Number = 126 - Rational B-Spline Curve
Parameter Data (Count) =1 (5)

Structure =0

Line Font Pattern =1- Solid

Level =0

View =0

Transformation Matrix =0

Label Display =0

Blank Status =0- Visible

Subord. Entity Switch =0 - Independent

Entity Use Flag =0 - Geometry

Hierarchy =1 - Global defer

Line Weight Number =0

Color Number =2 - Red

Form Number = 0 - <computationally derived>

Entity Label (Subscript) = <default> (<default>)
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k*khkkhkkkkhkkhkkhkkhkkhkkkikkhkkhkkhkkikkikkikk Parameter Data Record *khkkkkkkhkkkhkkhkkkkikkikkikikikkik

K

M
PROP1
PROP2
PROP3
PROP4
T(-3)
T(-2)
T(-1)
T(0)
T(1)
T(2)
T(3)
T(4)
T(5)
T(6)
T(7)
T(8)
T(9)
W(0)
W(1)
W(2)
W(3)
W(4)
W(5)
W(6)
W(7)
W(8)

8

3

1 - Planar

0 - Open Curve
1 - Polynomial
0 - Non-periodic
0.000000
0.000000
0.000000
0.000000
1.00000
2.00000
3.00000
4.00000
5.00000
6.00000
6.00000
6.00000
6.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
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XYZ(0) = 7.00000,
XYZ(1) = 7.01111,
XYZ(2) = 7.03333,
XYZ(3) = 6.86667,
XYZ(4) = 7.50000,
XYZ(5) = 8.13333,
XYZ(6) = 7.96667,
XYZ(7) = 7.98889,
XYZ(8) = 8.00000,
V(0) = 0.000000
V(1) = 6.00000
NORM = 0.000000,
NA = <default>
NP = <default>

7.00000,
7.15385,
7.46154,
8.15385,
7.92308,
8.15385,
7.46154,
7.15385,
7.00000,

0.000000,

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

1.00000
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IGES Entity Type 128:0
Rational B-Spline Surface - Form 0

5

1H, ,1H;,7H128-000,11H1238-000, IGS, 9H{unknown ), SH{unknown}, 16, 6,15,13,15, G
TH128-000,1,,1,4HINCH,8,0,016,15H199%70830,165254,0,0001,0,, &
21Hdennettefwiz—warx, com, 23HLegacy PDD AP Committee,11,3, G
13H920717.,.080000, 23HMIL-PRF-2E000B0, CLASS 1; G
128 1 0 1 0 0 0 0oooo0001D

128 0 2 17 0 D
128,3,7,3,5,0,0,1,0,0,0,,0,,0,,0,,1.,1,,1,,1.,0.,,0,,0,,0,,0.,0,, 1F
1.,2.,3.,3,,3.,3.,3,,3.,1.,1.,1.,1.,1.,1.,1.,1.,1.,1.,1.,1.,1., 1F
i.,1.,1.,1.,1.,1.,1.,1.,1.,1.,1,.,1.,1.,1.,1.,1,.,1.,1.,1.,8.5, 1F
9.5,1.,8.5,%8,25,0,.666667,8,5,9,,0,333333,8,5,8.75,0.,,8,43354, 1F
4, 446590000000001,1, ,68,49394,9,196590000000001, 0. 666667, 8,49304, 1p
d3,.9465590000000001,0,333333,8,49354,8,696590000000001, Q. , 1F
3.436360000000001,9,39545,1,,8,436360000000001,9,.1454¢,0, 666687, 1F
8.436360000000001,8,89545,0,333333,8,436360000000001,3.64545,0.,, 1F
H.21364,5%.4857995%599559995,1,,68,21364,9,23579595559%558%, 0, 666667, 1F
8.21364,49.9857999999%9995,0,333333,8.21364,8,73579959995994959, 0., 1F
7.78636,%.82671,1.,7.78637,5%. 57671, 0, 6666867, 7.78637,9,32671, 1F
0,333333,7,78636,9,07671,0,,7,56363,9,8045399955549559,1,, 1r
7.56363,9,5545399999993990, 0, 666667,77.56363,9,3045390990599900, 1F
0,333333,7.56363,9,05453559%95999589,0.,7.50606, 9. 628410000000001, 1F
1.,7.50606,5%,378410000000001, 0,666667,7.50606,%,128410000000001, 1F
0,.333333,7.50606,E,878410000000001,0,,7.5,9%,5,1.,7.5,9,25, 1F
0.666667,7,5,9,,0,.333333,7.5,8,75,0,,0,,1.,0,,3.,; 1F
g 1 40 2P 17 T

O3 =-1 o LN b Lad B 2 B3 o Lad P2
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The last DE number in " \igs\128-000.1GS" is 1

*kkhkkkhkkkhkhkhkkikkikk GIObaI SECtIOﬂ *kkhkkhkhkkhkkkikikk

Parameter Delimiter Character =","
Record Delimiter Character ~ =";"

Product ID from Sender = "NENTITY"
File Name ="128-000.igs"
System ID = "{unknown}"
Pre-processor Version ="{unknown}"
Number of Bits for Integers =16

Single Precision Magnitude =6

Single Precision Significance =15

Double Precision Magnitude =13

Double Precision Significance =15
Product ID for Receiver ="NENTITY"
Model Space Scale = 1.00000

Unit Flag =1-Inches

Units = "INCH"

Maximum Number of Line Weights =8

Size of Maximum Line Width = 0.0160000
Date & Time Stamp = "19970830.165254"
Minimum User-intended Resolution = 0.000100000
Approximate Maximum Coordinate =0.000000

Name of Author = "dennette@wiz-worx.com"

Author's Organization = "Legacy PDD AP Committee"

IGES Version Number =10 - USPRO/IPO-100 (IGES 5.2) [USPRO93]
Drafting Standard Code = 3- ANSI

Model Creation/Change Date ="920717.080000"
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*khkkkkkkikkhkhkikk Terminate Section *khkkkkkkikkkikkhkkikkikk

1 records in Start Section

4 records in Global Section

2 records in Directory Entry Section (1 entities)
17 records in Parameter Data Section

*kkhkkkhkkhkhkhkkhhkkikkikkikikx DE - 1 *khkkkkhkkhkkikkhkhkkhkikkhiikkx

Entity Type Number = 128 - Rational B-Spline Surface
Parameter Data (Count) =1 (17)

Structure =0

Line Font Pattern =1- Solid

Level =0

View =0

Transformation Matrix =0

Label Display =0

Blank Status =0- Visible

Subord. Entity Switch =0 - Independent

Entity Use Flag =0 - Geometry

Hierarchy =1 - Global defer

Line Weight Number =0

Color Number =2 - Red

Form Number = 0 - <computationally derived>

Entity Label (Subscript) = <default> (<default>)
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*kkhkkhkkkhkkhkkikkhkhkkkihkkhkikk P arameter D ata Reco rd *kkkkkhkkikkkhhkkkihkkhkkihkiikk

K1
K2
M1
M2
PROP1
PROP2
PROP3
PROP4
PROP5
S(-3)
S(-2)
S(-1)
S(0)
S(1)
S(2)
S(3)
S(4)
T(-5)
T(-4)
T(-3)
T(-2)
T(-1)
T(0)
T(1)
T(2)
T(3)
T(4)
T(5)
T(6)
T(7)
T(8)

3

7

3

5

0 - Not Closed
0 - Not Closed
1 - Polynomial
0 - Non-periodic in 1st direction
0 - Non-periodic in 2nd direction
0.000000
0.000000
0.000000
0.000000
1.00000
1.00000
1.00000
1.00000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
1.00000
2.00000
3.00000
3.00000
3.00000
3.00000
3.00000
3.00000

W(0,0)
W(1,0)
W(2,0)
W(3,0)
W(0,1)
W(1,1)
W(2,1)
W(3,1)
W(0,2)
W(1,2)
W(2,2)
W(3,2)
W(0,3)
W(1,3)
W(2,3)
W(3,3)
W(0,4)
W(1,4)
W(2,4)
W(3,4)
W(0,5)
W(1,5)
W(2,5)
W(3,5)
W(0,6)
W(1,6)
W(2,6)
W(3,6)
W(0,7)
W(1,7)
W(2,7)
W(3,7)

1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
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XYZ(0,0)
XYZ(1,0)
XYZ(2,0)
XYZ(3,0)
XYZ(0,1)
XYZ(1,1)
XYZ(2,1)
XYZ(3,1)
XYZ(0,2)
XYZ(1,2)
XYZ(2,2)
XYZ(3,2)
XYZ(0,3)
XYZ(1,3)
XYZ(2,3)
XYZ(3,3)
XYZ(0,4)
XYZ(1,4)
XYZ(2,4)
XYZ(3,4)
XYZ(0,5)
XYZ(1,5)
XYZ(2,5)
XYZ(3,5)
XYZ(0,6)
XYZ(1,6)
XYZ(2,6)
XYZ(3,6)
XYZ(0,7)
XYZ(1,7)
XYZ(2,7)
XYZ(3,7)

8.50000,
8.50000,
8.50000,
8.50000,
8.49394,
8.49394,
8.49394,
8.49394,
8.43636,
8.43636,
8.43636,
8.43636,
8.21364,
8.21364,
8.21364,
8.21364,
7.78636,
7.78637,
7.78637,
7.78636,
7.56363,
7.56363,
7.56363,
7.56363,
7.50606,
7.50606,
7.50606,
7.50606,
7.50000,
7.50000,
7.50000,
7.50000,

9.50000,
9.25000,
9.00000,
8.75000,
9.44659,
9.19659,
8.94659,
8.69659,
9.39545,
9.14546,
8.89545,
8.64545,
9.48580,
9.23580,
8.98580,
8.73580,
9.82671,
9.57671,
9.32671,
9.07671,
9.80454,
9.55454,
9.30454,
9.05454,
9.62841,
9.37841,
9.12841,
8.87841,
9.50000,
9.25000,
9.00000,
8.75000,

1.00000

0.666667
0.333333
0.000000
1.00000

0.666667
0.333333
0.000000
1.00000

0.666667
0.333333
0.000000
1.00000

0.666667
0.333333
0.000000
1.00000

0.666667
0.333333
0.000000
1.00000

0.666667
0.333333
0.000000
1.00000

0.666667
0.333333
0.000000
1.00000

0.666667
0.333333
0.000000

U(0) = 0.000000

U(l) = 1.00000

V(0) = 0.000000

V(1) = 3.00000
FhFFFAFAFFIFXFRX Associativities & Properties ****
NA = <default>

NP = <default>
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CAD HARDWARE - COMPUTER GRAPHICS

*WORKSTATIONS

-Vector Display

-Raster Scan Display

-Flat Panel Display

-Mouse Locator Selector

-Light pen

PLOTTERS

-Pen Plotter — Vector Ploter

-LASER Printer — Raster printer/Plotter
-Inkjet Printer — Raster printer/Plotter
-Electro-Static Printer — Raster printer/Plotter
SCANNERS

DIGITIZERS - 2D/3D
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VECTOR DISPLAY

Interiace with nost compules

| 4

iDisplay commands)  {Interaction data)

|

"'\.\:_.'—"
N =
FILE ST = 1l
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RASTER DISPLAY
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Eleciron
NS

Fhosphors
on glass
facenlate

SCAN LINES

mask

COLOR RASTER
DISPLAY
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Subtractive Colors
Cyan

Magenta

Yellow

Used For Printers
(White Background)

Additive Colors
Red

Green

Blue

Used for displays
Black Background
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Colour perception

Yisible light falls between 380nm (violet) and 780nm (red) on the electromagnetic spectrum, sandwiched
between ultravialet and infrared. White light comprises approximately equal proportions of all the visible
wavelengths, and when this shine an or through an object, some wavelengths are absorbed and others
are reflected or transmitted. It's the reflected ar transmitted light that gives the object its perceived
calour. Leaves, for example, are their familiar colour because chlaraphyll absorbs light at the blue and
red ends of the spectrum and reflects the green part in the middle.

The "temperature” of the light source, measured in Kelvin (), affects an object’s perceived colour. YWhite
light, as ernitted by the fluorescent lamps in a viewing box or by a photographer's flashlight, has an even
distribution of wavelengths, corresponding to a temperature of around b 00K, and doesnt distort
calours, Standard light bulbs, howewver, emit less light from the blue end of the spectrum, carrespaonding
to a temperature of around 3 000K, and cause objects to appear mare yellow:,

Humans perceive colour via a layer of light-sensitive cells an the back of the eye called the retina. The
key retinal cells are the cones that contain phota-pigments that render them sensitive to red, green or
blue light (the other light-sensitive cells, the rads, are only activated in dim light). Light passing through
the eye is regulated by the ins and focused by the lens onto the retina, where cones are stimulated by
the relevant wavelengths. Signals fraom the millions of cones are passed via the optic nerve ta the brain,
which assembles them into a colour image.
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LIQUID CRYSTAL DISPLAY
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Time Multiplexing in LCD
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Thin-Film-Transistor or active matrix displays
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Thin-Film-Transistor or active matrix displays
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Iustration of Plasma New Technologies
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Capsulated
Calor Filter

Fure Red Light

Black Stripe

Decreasod outside

Pure Greaen Light Pura Blue Light
/ raflections

Unwanted lipht

Exclusive Capsulated Color Filter gas plasma technology
utilizes embedded filters and a hlack matrix to improve color purity and contrast.

Plasma waioh 18 the latest display technology and the best way to achieve flat panel displays with

excellent image quality and large screen sizes that are easily wiewable i any envirotmment. Plasma wiston
15 an array or cells, known as pxels, corresponding to the colors red, green, and blue. (Gas mn a plasma
state 15 used to react with phosphors m each sub pixel to produce colored light (red, green, or blue ).
Three phosphors are the same types used i Cathode Eay Tube (CET) dewices such as telewisions and
standard computer monttors. ¥ ou get the rich, dynamic colors that vou expect. Each sub pixel 13
indradually controlled by advanced electromics to produce over 16 mulhon different colors. Al of this
means that are easily wiewable in a display that 1z less than & mches thick.
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Display Devices

'Head-mnunted Volumetric
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Laser Modulatlon X F stanners
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_ Will this be the wave of the future ! A protctyes display system uses o
laser and rotating ransiucem disk 1o produce the elusive third dimension. (Diazram
modified. Original courresy of Texas Instruments, Ine. 199
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INTERACTION DEVICES

-KEY BOARD

-MOUSE = PURE LOCATOR DEVICE
-LICHT PEN = PURE SELECTOR DEVICE

KEY = EVENT DRIVEN DEVICE
MOUSE = SAMPLED DEVICE

LIGHT PEN = EVENT DRIVEN DEVICE
TOUCH SCREEN
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INTERACTIGwN
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Commands:
SetlnputMode
Set<attribute>
WaitEvent e e e

T

Device
Handler

Application

Sample Device .,
Program ‘

Get <device>

Event Queue
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SINULATING A LoCAToR WITH A PILK
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LIGHT PEN RANGE

A T, e

INTERFACES

APPLICATIONS:

What is a light pen?

Where can | use a light pen?
Will it worlke on my application?
Where light pens are used now

LIGHT PENS V¥ TOUCH SCREENS

LIGHT PEN PRICES

LIGHT PEN = PURE SELECTOR DEVICE
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Field of view

T

Shutter
button

Fiber optic
bundle

Photornultiplier
tube

To display

Pulse-shaping circuitry  —
PINg CIFCLITry controller

Schematic of a light pen.
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Infrared Laser Diode TOUCH SCREEN

Infrared Beams
Infrared Sensitive Diodes

Infrared Laser
Diodes
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PEN PLOTTER -VECTOR PLOTTER
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LASER PRINTER - RASTER PRINTER

The Basic Process

The primary principle at woark in a laser printer is static electricity, the same energy that
makes clothes in the dryer stick together or a lightning bolt travel from a thundercloud
to the ground. Static electricity 15 simply an electrical charge built up on an insulated
object, such as a balloon or your body. Since oppositely charged atoms are attracted to
each other, objects with opposite static electricity fields cling together,

= Laser Scanning Unit

Corona Wire

O O

Corona
Wires

The basic components of a laser printer 215



& laser printer uses this phenomenon as a sort of "temporary glue.” The core
component of this system 15 the photoreceptor, typically a revolving drum or cylinder,
This drum assembly is made out of highly photoconductive material that is discharged
by light photons.

Initially, the drum is given a total positive charge by the charge corona wire, a wire
with an electrical current running through it (Some printers wse a charged roller
instead of a corona wire, but the principle 1s the same.) As the drum revolves, the
printer shines a tiny laser beam across the surface to discharge certain points. In this
way, the laser "draws" the letters and images to be printed as a pattern of electrical
charges -- an electrostatic image. The system can also work with the charges reversed -
-thatis, a positive electrostatic image on a negative background.

The laser "writes” on a photoconductive revolving drum.

After the pattern is set, the printer coats the drum with positively charged toner -- a
fine, black powder. Since it has a positive charge, the toner clings to the negative
discharged areas of the drum, but not to the positively charged "background."” This 1S
something like writing on a soda can with glue and then rolling It over some flour: The
flour only sticks to the glue-coated part of the can, so yvou end up with a message
written in powder,
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INKJET PRINTER - RASTER PRINTER
Thermal technology

host inkjets use thermal
technology, whereby heat
Is used to fire ink onto the
paper. There are three
main stages with this
methaod. The squirt is
initiated by heating the
ink to create a bubble
until the pressure forces it
to burst and hit the paper.
The bubble then collapses

as the element cools, and

the resulting vacuum Printhead nozzle

draws ink from the

reservoir to replace the ink that was ejected. This is the method favoured by Canon and Hewlett-
Fackard.

Heating resistor

Firing chamber

Thermal technology impases certain limitations on the printing process in that whatever type of ink 1=
used, it must be resistant to heat because the firing process is heat-based. The use of heat in thermal
printers creates a need far a cooling process as well, which levies a small time overhead on the printing
pracess.
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INKJET PRINTER - RASTER PRINTER

Thermal technology imposes certain limitations on the printing process in that whatever type of ink is
used, it must be resistant to heat because the firing process 1s heat-based. The uze of heat in thermal

printers creates a need for a coaling process as well, which levies a small time averhead on the printing
process,

Tiny heating elements are used to eject ink droplets fram the
print-head's nozzles. Today's thermal inkjets have print heads
containing between 300 and BOO nozzles in total, each about
the diameter of a human hair (approx. 70 microns). These
deliver drop volumes of around @ - 10 picolitres (a picolitre 1= a
millian millianth of a litre), and dot sizes of between 50 and BO
micrans in diameter. By comparison, the smallest daot size
visible to the naked eye is around 30 microns. Dye-based
cyan, magenta and vellow inks are normally delivered via a
combined ChY print-head. Several small colour ink drops -
typically between four and eight - can be combined to deliver a variable dot size, a bigger palette of non-
halftoned calours and smoother haltones. Black ink, which is generally based on bigger pigment
maolecules, iz delivered fraom a separate print-head in larger drop volumes of around 35pl.

Mozzle density, corresponding to the printer's native resalution, varies between 200 and BO0dpi, with
enhanced resolutions of 1200dpi increasingly available. Print speed is chiefly a function of the frequency
with which the nozzles can be made to fire ink drops and the width of the swath printed by the print-
head. Typically this 1z around 12MHz and half an inch respectively, giving print speeds of between 4 to
Bppm (pages per minute) for monochrome text and 2 to dppm for calour text and graphics.
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Piezo-electric technology

Epson's proprietary inkjet technology uses a piezo
crystal at the back of the ink reservair. This is
rather like a loudspeaker cone - it flexes when an
electric current flows thraugh it. =0, whenever a dot

Piezo disk
{Piezo Electric)

15 required, a current is applied to the piezo
: : Droplet
element, the element flexes and in =0 daing forces
a drop of ink out of the nozzle. af
Cavity

There are zeveral advantages to the piezo method.
The process allows more contral aver the shape and size of ink draplet release. The tiny fluctuations in

the crystal allow for smaller droplet sizes and hence higher nozzle density. Alsa, unlike with thermal
technology, the ink does not have to be heated and cooled between each cycle. This saves time, and
the ink itself is tailored more for its absorption properties than its ability to withstand high temperatures.
Thiz allows mare freedom for developing new chemical properties in inks.

Droplet— Epson's latest mainstream inkjets have black print-heads with 128
nozzles and calour (ChY) print-heads with 192 nozzles (b4 for each

. =@ colour), addressing a native resolution of 720 by 720dpi. Because the
piezo process can deliver small and perfectly farmed dots with high
accuracy, Epson is able to offer an enhanced resolution of 1440 by
720dpi - although this is achieved by the print-head making two passes,
- with a consequent reduction in print speed. The tailared inks Epson has
e b S developed for use with its piezo technology are solvent-based and
extremely quick-drying. They penetrate the paper and maintain their
shape rather than spreading out on the surface and causing dots to interact with one another. The result

15 extremely gqood print quality, especially on coated or glossy paper.

INKJET PRINTER - RASTER PRINTER

Vibration plate .

“ Hulti-layer actuator
(Piezo Electric)
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« Thermal bubble - Used by manufacturers such as Canon and Hewletf Fackard,
this method is commonly referred o as bubble jet. In a thermal inkjet printer, Ty
resistars create heat, and this heat wvaporizes ink to create a bubble. As the bubhble
expands, some of the ink is pushed out of a nozzle onto the paper. When the
bubhle "pops" (collapses), a wvacuum is created. This pulls more ink into the print

head from the cartridge. A typical bubble jet print head has 300 or 600 tiny nozzles,
and all of them can fire a droplet simultaneously.

How Thermal Bubbles Work

..-""..'
Heat ink

Reservoir

SR000 HowSwmiarks

Heating Element

Casing

N Nozzle

How Thermal Bubbles Work

-

Heat ink

Reservoir

S2001 HowStemakrkes

Heating Element

Casing
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« Piezoelectric - Patented by Epson, this technology uses plezo crystals. A crystal
15 [ocated at the back of the ink reservoir of each nozzle. The crystal receives a tiny
electric charge that causes it to wibrate. WWhen the crystal vibrates imward, it forces a
tiny amount of ink out of the nozzle. YWhen it vibrates out, it pulls some more ink into

the reservoir to replace the ink sprayed out.

How Piezoelectric Jets Work - -
How Piezoelectric Jets Work
Activate
Current Activate
Current
to /
Reservoir to /
Reservoir
Nuzzle-"“"rf
SO0 HowSTUmorke NDIZIE ﬁ
001 HowSiuffworks
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Technology Tutorial

Ligquid inkjet printers generally fall into one of two classes - continuous and
drop-on-dermand, In a continuous inkjet printer, a continuous spray of ink
droplets 15 produced, the unneeded droplets are deflected before they
reach the paper.

Continuous inkjet technology permits wery high-speed drop generation,
aone rmillion drops per second ar faster, but is expensive to manufacture
and, because of the wasted ink, expensive to operate, Two classes of
continuous inkjet products are availlable today. High-speed industrial
printers are used for applications such as carton and product marking and
addressing and personalizing direct mail, The ather i1s the proofing printer
which offers the best print quality of any non-photographic device, but they
are much slower - less than an inch per second. Although the resolutions
are not that high {e.qg. 300 dpi}, the variable-sized dots make photographic
quality possible,

Drop-on-demand inkjet printers produce ink droplets only when needed,
The two rmost cormmmon technologies to drive the droplets out of the
printhead are thermal {used by Hewlett Packard, Lexmarl:, Canaon, Olivett,
Ccé and others)

and piezo-electric {used by Epson), Thermal have been by far the most
successful because they can be produced inexpensively,
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Therrnal inkjet printers 1. Heater activated by 2. Bubble grows rapidly
have a small resistor built electrical pulse

into each nozzle, These
resiztors heat up when an
electrical current iz applied
to them. The bubbles
formed by vaporizing
provides the force needed
for ejecting the ink from

e

3. Drop

the nozzle onta the displaced

papel, from nozzle

1. Piezo crystal deformns when Piezo-electric inkjet
electncal pulse applied printers harness the

piezo-eledtric technalagy,
Z D_r':'p which causes certain
displaced crystalline rmaterials to
from nozzle change shape when =
voltage iz applied acrozs
* ther. In these printers,
each nozzle of the
printhead iz housed inside
an integrated piezo
crystal, A small electrical
current makes the crustal
contract slightly,

squeezing ink out of the
nozzle onto the paper

The biggest challenge for piezo-electric inkjet technology is the cost and
difficulty of producing print heads, Today Epson has a very successful line
of piezo-electric caolour printers, namely the Stylus color and Stylus photao
farnily of printers offering photographic quality,
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3D ULTRASONIC DIGITIZER 224



Microphone

2D ULTRASONIC DIGITIZER
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