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Company Brief

Tata Technologies Limited is 

1. headquartered in Pune, India
2. offices in US, Europe and the Asia Pacific 
3. specialised provider of strategic Engineering and Design 

(E&D) services and 
4. an Engineering Process Outsource (EPO) hub for Global 

500 and large domestic manufacturers especially 
automotive and aerospace majors 

5. “trusted by the world”s leading manufacturers to provide 
continuing best-in-class services in IT enabled 
Engineering, Design, and Manufacturing, 

6. employer of choice for the most capable talent in our 
industry.



Motivation

· More control on shape to reconstruct accurate 
shape· Good understanding of classical CAGD 
techniques in NURBS area· Good understanding of subdivision techniques 
to handle typical sculptured shapes· In-depth understanding of subdivision surfaces 
reconstruction· Ability to write IGES Interface files for NURBS 
surfaces
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Meshing - problems

· Convex Hull

· Encroachment

· Duplicate

· Ideal



Meshing – tools (conventional)

· Fast robust 
floating point 
geometric 
predicates



Meshing – Conventional techniques

· Octree
· Delaunay
· Advancing Front



Meshing – tools (our approach)

· A variant of Advancing Front has 
been adopted

· To detect convex hull, compared 
vector cross products in 
adjacent triangles



Meshing

· Head scan 
point data

· First level of 
meshing

· Faceted 
representation 
of sculptured 
geometry



Geometric Subdivision refinement rules



Subdivision Schemes



Subdivision – Data Structure (Head Scan )

struct point {
double x,y,z;

} pts1[400000];

struct triangle {
double x1,y1,z1,x2,y2,z2,x3,y3,z3;
int rt, lf, bt, btrt, btlf;

} tgl_init[1400], tgl[100000];



Subdivision Schemes - Butterfly

· d = op_point (b,c,a)
· e = op_point (a,b,c) 
· f = op_point (a,c,b)
· g = op_point (b,d,c)
· h = op_point (c,d,b)

point newpt (point a,point b,point c,point d){
point p;
p.x=3.0/8.0*(b.x+c.x)+(a.x+d.x)/8.0;
p.y=3.0/8.0*(b.y+c.y)+(a.y+d.y)/8.0;
p.z=3.0/8.0*(b.z+c.z)+(a.z+d.z)/8.0;
return p;

}
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Subdivision –Second Level (Head Scan )

· Stage 0 SD
· Triangles -1353 
· Points – 689

· Stage 1 SD
· Triangles -5312 
· Points – 3100

· Stage 2 SD
· Triangles - 21248
· Points – 12,400

· Stage 3 SD
· Triangles – 84992
· Points – 1,70,000



Subdivision – Third Level (Head Scan )

· Stage 1 SD
· Triangles -5312 
· Points – 3100

· Stage 2 SD
· Triangles - 21248
· Points – 12400

· Stage 3 SD
· Triangles - 84992
· Points – 170000

· Stage 4 SD
· Triangles - 339968
· Points – 680000



Subdivision – Surface IGES file writing

· Start Section
· Global Section
· Directory Entry Section
· Parameter Data Section

·128 (IGES Entity Group code for NURBS)
·Surface Degree, Dimension
·Knot Vectors, Weight Vectors
·Bi-directional Control net

· Terminate Section



Subdivision – NURBS Surface IGES file writing



Subdivision – Patch Planning

· Four reconstruction regions
· Neck
· Face
· Forehead
· Top

· Decided Logical Center
· Decided Z-levels
· Decided view angles
· Decided patch type

· Flat
· Rotational 

· Edge fixing



Subdivision – Patch Planning

· Geometric complexity
· Control Net Density
· Smooth reconstruction
· Abrupt shape variation
· No overlap
· Adjacent patch tangency 
· Patch add for VRML
· Patch coloring & viewing
· Analyze critical zones
· IGES file size
· Files import time



Subdivision Surface – Why I-deas NX

· I-deas Open Programming 
·To view point cloud in subdivision stages
·To view faceted model (tessellated) 
·To check point density in subdivision stages

· Single IGES import to view IGES patches
· Multiple IGES import to view head model
· Check surface quality (Visual)
· Preparing WRL (VRML) file



Subdivision Surface – Reconstructed Head

· High Visibility 
· High quality rendering in I-deas NX
· Easy rotate, zoom, pan with heavy surfaces in I-

deas NX



Subdivision Surface – Reconstructed Head

• Face patch is the most 
critical patch
• Eye, Eyelids &  

Eyebrows
• Nose and nostrils
• Mouth and Lips
• Chin
• Cheeks
• Ears (partial)
• Forehead (partial)
• Neck (partial)



Subdivision – Tooling example

· Surface 
reconstruction 
for 
Automobile 
door clinching 
fixture 
manufacturing



Subdivision – Tooling example

· Surface 
reconstruction 
for 
Automobile 
Windshield 
aperture 
checking 
fixture 
manufacturing



Subdivision – Tooling example

· Surface 
reconstruction 
for 
Automobile 
door aperture 
checking 
fixture 
manufacturing



Subdivision – Tooling example

· Surface 
(patches) 
reconstruction 
for 
Automobile 
(HCV) door 
inner panels



Subdivision – Tooling example

· Surface 
reconstruction 
for 
Automobile 
dummy axle 
housing for 
bulk 
deformation 
simulation
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More information on algorithms & 
technologies
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Mr. Jeffry D Sage
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Questions?



Thank You.
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