
Advanced CAD/CAM                                                                                

 

 

 

Computer Aided Geometric Design (CAGD) 



CAGD                                                                                                    

 

 

 



Advanced CAD/CAM                                                                                

 

 

 

ab

vab 

       

vabv = b-aab

wa+wb+w

(a+w) - = (b+w) va+w

(translation)

(Barycentric 

combination)

          

         

(convex combination)

(convex hull)



CAGD                                                                                                    

 

 

 

(Affine map) 

                         

                   

Av

                                    

:



Advanced CAD/CAM                                                                                

 

 

z           

(Shear)                  

 

 

(Linear interpolation)

xab

 

 txab

t

axbt

      

 



CAGD                                                                                                    

 

 

 

 

xab 

 

a,b,cbca

 

1vol

b,ac

 



Advanced CAD/CAM                                                                                

 

 

ab

[0,1][a,b]

 

t[a,b]

B

 

c

variation diminishing

 

 



CAGD                                                                                                    

 

 

Menelaos 

ctbtasbsa 

cts

 

w,v,u

cts



Advanced CAD/CAM                                                                                

 

 

P

Bivariate linear interpolation 

w,v,u

p



CAGD                                                                                                    

 

 

xy

C(u)u

[a,b][0,1] 

u[a,b]

C(u) 

 



Advanced CAD/CAM                                                                                

 

 

uvuv

vu

n

                       

 

n

n

x(u)y(u)z(u)

  

  

  

  

  

 

 



CAGD                                                                                                    

 

 

n

 (twisted)

 



Advanced CAD/CAM                                                                                

 

 

(a)(b)

 

(t=0.25)



CAGD                                                                                                    

 

 

(De Casteljau)  

n

 

t

B

2

1
t



Advanced CAD/CAM                                                                                

 

 

 

CAD

 



CAGD                                                                                                    

 

 

 

Blossoming

rt

 

].,.,.b[

[0,0,1] 



Advanced CAD/CAM                                                                                

 

 

b[]

]a,b[

)t-(1t

(Bernstein form)

n



CAGD                                                                                                    

 

 



Advanced CAD/CAM                                                                                

 

 

variation diminishing

efloop

 



CAGD                                                                                                    

 

 

6=n

n+1nu

nu



Advanced CAD/CAM                                                                                

 

 

 

t(1-t)

 
weighted average



CAGD                                                                                                    

 

 

pq

pq

local-pseudo

 

 

 



Advanced CAD/CAM                                                                                

 

 

 

(Hodograph)

 

 

t=0. 



CAGD                                                                                                    

 

 

 

rr

Subdivision

]0,1[

[0,c][0,c]

subdivision

[c,1]

subdivisioncd



Advanced CAD/CAM                                                                                

 

 

)
i

(b[0,1])
i

(c [0,c] 

extendtrimdivide

subdivision

subdivision[0,1][1,d]

    

d



CAGD                                                                                                    

 

 

trivial reject

][M



Advanced CAD/CAM                                                                                

 

 

(Degree elevation)

 

 



CAGD                                                                                                    

 

 

 

 

 

 



Advanced CAD/CAM                                                                                

 

 

r

(Degree Reduction)

nn-1

possibly



CAGD                                                                                                    

 

 

y=f(x)f

f

 



Advanced CAD/CAM                                                                                

 

 

cross plots

pAP

p

 



CAGD                                                                                                    

 

 

P

(Cubic Hermit)

 

 



Advanced CAD/CAM                                                                                

 

 

 

cardinal

 



CAGD                                                                                                    

 

 

[0,1]

(Rational Bezier curves) 

yx

n

weights

i



Advanced CAD/CAM                                                                                

 

 

i

(a)(b)

(a)(b)



CAGD                                                                                                    

 

 

 

n

1+n

P

P

W

w=1H

 

      

 

  

             



Advanced CAD/CAM                                                                                

 

 

H

             

 

                                         



CAGD                                                                                                    

 

 

C(u)

uv

Ruv

R

uv

(u,v)



Advanced CAD/CAM                                                                                

 

 

ab

                   

u(isocurve)

(Rational Bezier surface)

         

           

 



CAGD                                                                                                    

 

 

(a)(b)

 (a))b(

ij

i j

xyz



Advanced CAD/CAM                                                                                

 

 

(a)(b)

(Spline curves) 

(B-spline)

peicewise polynomial curves

[0,1]



CAGD                                                                                                    

 

 

C

knotknot 

vectoru)u(C

t

ii

C

 

pp+1

]
3

,u
2

[u



Advanced CAD/CAM                                                                                

 

 

 1-n 

 up

 

 i)th knote spani(

 

 p 

 
 u 

 +1p

 

 ipu

  

 

k-pk

multiplicity

 



CAGD                                                                                                    

 

 

p=2 

  



Advanced CAD/CAM                                                                                

 

 

 

k



CAGD                                                                                                    

 

 

U

clampedopen

 Up 

 m+1Un+1 

  
 

UU

 



Advanced CAD/CAM                                                                                

 

 

 

u

 

 



CAGD                                                                                                    

 

 

n 

]j][kders[k 

 
 

 



Advanced CAD/CAM                                                                                

 

 



CAGD                                                                                                    

 

 

 

p:

p

aba=0b=1

 

u

 u

 

  

 p=n)uC(

 

 C(u)pn+1

m+1m=n+p+1

 

  

  



Advanced CAD/CAM                                                                                

 

 

 

)uC(

 

 )uC(

 

 

 

 

)uC(

 

 

 )uC(

 



CAGD                                                                                                    

 

 

cusp

ab



Advanced CAD/CAM                                                                                

 

 



CAGD                                                                                                    

 

 



Advanced CAD/CAM                                                                                

 

 



CAGD                                                                                                    

 

 



Advanced CAD/CAM                                                                                

 

 

 



CAGD                                                                                                    

 

 

k)uC(

kC(u)

 

1)-p(

)uC(

 



Advanced CAD/CAM                                                                                

 

 



CAGD                                                                                                    

 

 

    

 



Advanced CAD/CAM                                                                                

 

 

a

u=2/5

Ur+1vs+1



CAGD                                                                                                    

 

 

u,v

 u 

  

 v 

  

  
 

(a)(b)



Advanced CAD/CAM                                                                                

 

 

(u,v) 

 pq

S(u,v)

  

  

 S(u,v)

 

 

 

 
 

 



CAGD                                                                                                    

 

 

 

S(u,v),v)S(u

u(v)ku(v)

(u,v)S(u,v)dd



Advanced CAD/CAM                                                                                

 

 

d

d>p,q



CAGD                                                                                                    

 

 



Advanced CAD/CAM                                                                                

 

 



CAGD                                                                                                    

 

 

p

p

a=0b=1

 ip 

  

  

 p>0 

  

 k-p

k

 i

  



Advanced CAD/CAM                                                                                

 

 

 

 

 C(u)

(u)C

 

 C(u)p-kk

 

  

 
 



CAGD                                                                                                    

 

 

3
w 

 
 

C(u)

C(u)u

 

 

BN3P



Advanced CAD/CAM                                                                                

 

 



CAGD                                                                                                    

 

 



Advanced CAD/CAM                                                                                

 

 

u



CAGD                                                                                                    

 

 

A(u)

u

 



Advanced CAD/CAM                                                                                

 

 

puqv

 



CAGD                                                                                                    

 

 

  

  

  

  



Advanced CAD/CAM                                                                                

 

 

 B-spline

 

 S(u,v)p-kuq-kvk

 

 



CAGD                                                                                                    

 

 

 



Advanced CAD/CAM                                                                                

 

 

 

 



CAGD                                                                                                    

 

 

uv

43u=v=



Advanced CAD/CAM                                                                                

 

 

S(u,v)uv

1w



CAGD                                                                                                    

 

 

O

X

YX

r

X

OXY

 

 



Advanced CAD/CAM                                                                                

 

 



CAGD                                                                                                    

 

 

 
(a)(b)(c) (d)



Advanced CAD/CAM                                                                                

 

 

 

wpU

S(u,v)C(u)

dWv

S(u,v)

  

 

 

 

z



CAGD                                                                                                    

 

 

UC(u)

d



Advanced CAD/CAM                                                                                

 

 

C(u)dW



CAGD                                                                                                    

 

 

m+1E

E

 

m+1



Advanced CAD/CAM                                                                                

 

 

p

Cusp

anomalizes

p

 

n+1r

rrr



CAGD                                                                                                    

 

 

u

 (equally spaced) 

 

(erratic)

 hord length)c(d

 

 

 centriptal method 

 



Advanced CAD/CAM                                                                                

 

 

 



CAGD                                                                                                    

 

 

 

FindSpan( )BasisFuns( )

LUDecomposition(A,q,sbw)sbw

A

ForwardBackward(A,q,rhs,sol)rhs[]

sol[]



Advanced CAD/CAM                                                                                

 

 

l

(p,q)

UV

l



CAGD                                                                                                    

 

 

l
l

k

[]cdsmax(n+1,m+1)

k=1vDistance3D( )

UV

S(u,v)

l

 

S(u,v)i

l

 Um+1

.b 



Advanced CAD/CAM                                                                                

 

 

 Vn+1

c 

d

 



CAGD                                                                                                    

 

 

:(a)(b)u(c)

vu(d)

 

 



Advanced CAD/CAM                                                                                

 

 

 

ab

c



CAGD                                                                                                    

 

 

ab

c



Advanced CAD/CAM                                                                                

 

 



CAGD                                                                                                    

 

 



Advanced CAD/CAM                                                                                

 

 

(a)(b)

E



CAGD                                                                                                    

 

 

E

E

E

E

p

  

 

n+1

C(u)kQ 

 

 



Advanced CAD/CAM                                                                                

 

 

          

f1-nf-n

1l

       

      

1-n1-n

N

         

Rn-1

            



CAGD                                                                                                    

 

 

z,y,x

U=

}{ kud

int(d) i=i

n+p+2p-np+1-n

N
T

N

N
T

Np+1

a

-bc

wiggles

(p,q)



Advanced CAD/CAM                                                                                

 

 



CAGD                                                                                                    

 

 

(s+1)

Temp[n+1][s+1]

(n+1)×(m+1)NN
T

N

LUN
T

N

]1-n][1-r[Nu]1-n][1-n[Nu
T

Nu-m][1-s[vN

]1]1-m][1-m[vN
T

NvR-m[Rv

1],Ru[n-1] 



Advanced CAD/CAM                                                                                

 

 

a

b

ab



CAGD                                                                                                    

 

 

(a) (b) 

(a) (b)



Advanced CAD/CAM                                                                                

 

 

(curve manipulation)

(displaying)



CAGD                                                                                                    

 

 

(evaluating points on curves) 

uxyz

forward difference

incremental

(n+1)

 

z,y,xudirect point 

solutionz,y,xu

(Blending)

()



Advanced CAD/CAM                                                                                

 

 

T

(Segmentation) 

 (reparametritation)

 

 

 

 

 

 

[0,1]

nu



CAGD                                                                                                    

 

 

(Trimming) 

(Intersection)

P(u)Q(v)(u,v)

Q(v)=0P(u)

uvxyz

(Primitives)

(Boolean operation)

(Building block) 

 



Advanced CAD/CAM                                                                                

 

 

(Location data)(Geometric data)

(Orientation)

(Local coordinate)

(MCS)(WCS) 

(User 

interface)CSG

(B-rep)(Sweeping)



CAGD                                                                                                    

 

 

(Boolean operators)(Union)(Intersection)(Difference)

B-rep

 

(Geometric closure)



Advanced CAD/CAM                                                                                

 

 

(Rigidity)

(real-time)

(Set theory)(Regularized set operation)(Set 

membership classification).



CAGD                                                                                                    

 

 

 

S

S

S

              

  

                     

C,B ,A

 

                                                                             

 

(ordered Cartesian product )S

(Regularized set operation)

aS



Advanced CAD/CAM                                                                                

 

 

 

                                                                                  

                                                                                                            

b

                                                                                                     

 



CAGD                                                                                                    

 

 

 BA

BA (r-set)

BA 

BA 

ABA

B A



Advanced CAD/CAM                                                                                

 

 

AB 

 



CAGD                                                                                                    

 

 

 

(Ray tracing)

(interference checking)

SX

iS bSS

cSS

XbS , iS

(compelementary S) cS

B-rep

B-rep L

L

 

LR

LLR

 



Advanced CAD/CAM                                                                                

 

 

 

                                                                                                         

(Solid representation)

CSG

 

 

 

 

 

 

 

 (Conciseness)(Efficacy)

CSG

 



CAGD                                                                                                    

 

 

 

(Half- space ) 

(Boundary representation)

(Constructive Solid Geometric) 

(Sweeping)

(Analytic Solid Modelling)

(Cell decomposition)

(Spatial enumeration)

(Octree encoding)

(primitive instancing )

B-repCSG

 

 

 

             

 

 



Advanced CAD/CAM                                                                                

 

 

User modellingPrimary

Input basedRepresentation

Onscheme

CSGB- repCSGB- repVendorModeler 
 Auto trolBMOD

  IBMCATIA

 Auto trolCMOD

  GE CalmaDDM SOLIDS

  Matra DatavisionEUCLID

  VulcanGEMSMIH

  SDRCGEOMED

GEOMETRIC

GraftekMODELING SYSTEM

  CDCICEM

  ICMICM GMS

  Phoenix Data 

Systems
INSIGHT

  Prime ComputerMEDUSA

 Cornell UniversityPADL-2

Hyper

Patches
ASM*PDA EngineeringPATRAN-G

 Evans and  

Sutherland
ROMULUS

  Computer visionSOLIDESING

  AppliconSCLIDS MODELING II

  Intergraph
SOLID MODELING 
SYSTEM 

   MAGISYNTHVISION 

  CAM-ITIPS-1 

  Sperry UnivacUNIS-CAD 

  Mc Donell DouglasUNISOLIDS 

* Analytic solid modeling



CAGD                                                                                                    

 

 

 

p

 

S

 



Advanced CAD/CAM                                                                                

 

 

 

 

S

PADL ,TIP ,SHAPS  

 
FL

EB

VG



CAGD                                                                                                    

 

 

FEVL BG

B-rep

(m)(n)

S

S



Advanced CAD/CAM                                                                                

 

 

GBLVEF 
Object 

number



CAGD                                                                                                    

 

 

Description of operatorComplementOpratorOperation

Make Body , Face , VertexKBFVMBFVInitialize database and creation 

Make Edge , VertexKEVMEV
Create edges and vertices 

Make Edge , kill LoopKEMLMEKL
Crate edges and 

Make Edge Face
Make Edge , Kill Body
Face ,Loop
Make Face  , Kill Loop
Genus

KEF
KEMBFL
KFMLG

MEF
MEKBFL
MFKIG

Faces  

Kill Face , Edge , Vertex
Make Genus 

 
Kill Face , Edge , Vertex
Body

MFEKG

MFEVB

KFEVMG 

KFEVB

Glue 

Make Multiple Edges
Edge - Split
Kill Vertex , Edge

KME
ESQUEEZE

MME
ESPLIT
KVE

Composite operations 

 

GBLVEF Operator

011101MBFV

000110MEV

000010MEKL

000011MEF

0-1-101-1MEKBFL

-10-1001MFKLG

000-n-n-2KFEVMG

0-10-n-n-2KFEVB

000nn0MME

000110ESPLIT

000-1-n -(n-1)KVE



Advanced CAD/CAM                                                                                

 

 



CAGD                                                                                                    

 

 

B-rep  

s 



Advanced CAD/CAM                                                                                

 

 

CSG

CSG

B-rep

S 



CAGD                                                                                                    

 

 

 

CSG

a

b

 

 
 

 

 

 

 

                                                         
 

 

 
 

Primitives definitions 

Construct left half  

Construct right half 

Model 



Advanced CAD/CAM                                                                                

 

 

p

MCS



CAGD                                                                                                    

 

 

 

  

 

 

 

 

 



Advanced CAD/CAM                                                                                

 

 

 

 CSG

K ,...,B,A

V  

 

 
CSG

CSG

R-rep

 CSG

(Sweeping ) 



CAGD                                                                                                    

 

 



Advanced CAD/CAM                                                                                

 

 

CAD/CAM

(input system)

(geometric modelling system) 

(application system)

(output system)

 

 

 



CAGD                                                                                                    

 

 

 (single representation)

 B-rep B-rep

CSG

 

B-rep

a 

 (dual representation) 

CSG B-rep B-rep CSG

 R-rep 

CSGB-repCSG

b

 (hybrid modelers )

B- repCSG

B-rep

c 

 

 

 

(interference analysis)(finit 

element modelling )

 

(process planning)



Advanced CAD/CAM                                                                                

 

 

 

 

 

 

 



CAGD                                                                                                    

 

 

translucency

(geometric transformations)

WCS

MCSWCSMCS

 = 

MCS

 

W1W2



Advanced CAD/CAM                                                                                

 

 

1E2E3E

(clamped)(unclamped)



CAGD                                                                                                    

 

 

 m+1p+1

pn+1=m-p

 

 

kkk+1

U1

8-pp

123

123a

123b

 U2m=11p=3(n=7)

(3=pwarp



Advanced CAD/CAM                                                                                

 

 

(a)(b) 

2C



CAGD                                                                                                    

 

 

 

warp2125a

2C125b125c

125b



Advanced CAD/CAM                                                                                

 

 

125c

p

0m

p-1p

IGESSTEPPHIGS

IGESSTEP

IGES

CAD/CAM

IGES

pn+1

Um+1=n+p+2



CAGD                                                                                                    

 

 

 

IGES

pn+1qm+1

uvuvr=n+p+1

s=m+q+1

ruled surface

STEP

STEP

STEP

pn+1

Um+1=n+p+2STEP

p+1

p

trimming

STEPIGES

d=d1-iu-iu

pu0umup-mu

d=d1-iu-iu

p+1P

STEP



Advanced CAD/CAM                                                                                

 

 

PHIGS

IGES STEPPHIGS

PHIGS

=



CAGD                                                                                                    

 

 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 



Advanced CAD/CAM                                                                                

 

 

 
 

 
 

 
 

 

 
 

 
 

 
 



CAGD                                                                                                    

 

 

 
 

 

 

 

 

 

 

  

 

 



Advanced CAD/CAM                                                                                

 

 

 

 

 

 
 

 

 
 

 

 



CAGD                                                                                                    

 

 

 

 


