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Elysium Geometry Translation: 
Why you need the  

DEK (Data Exchange Kernel) 
 

By Peter  Heath &  Hideo Sakato,  Elysium Inc.  
 
 
The Elysium Data Exchange Kernel (DEK) is the heart of all of Elysium’s geometry exchange 
products.  With over 18 years of development, this kernel understands the different assumptions that 
are embedded within each CAD system and can use that knowledge to heal, repair, and convert 
geometric information.  This paper will discuss the need for the DEK as well as the control that the 
user can have over it’s workings. 
 

Introduction 

Why are there translation issues 
�  Mathematical Conventions 
�  Surface Trimming 
�  Tolerances 
�  Topology 

 
There are four significant areas of differences between major CAD systems.  These differences are 
inter-related and are the direct cause of data exchange issues.  Standards based translators provide a 
neutral definition of the geometry but do not provide methods to communicate the details about 
these differences.  Since each CAD system is self-consistent, most CAD vendors are not aware of 
the affects of some of their mathematical kernel decisions on other CAD systems.   
 
Direct Translators, such as those offered by Elysium, leverage the knowledge of each CAD system 
and the knowledge that comes with knowing the source and target system.  Instead of going to a 
generic neutral format, Elysium’s DEK can use the information about the different CAD systems to 
tune the processing for that specific conversion. 
 
Mathematical conventions cover several areas, the most obvious is the surface formulation.  Most of 
the current generation systems are based on NURBS (Non-Uniform Rational B-Spline).  However, 
a great deal of data has been created in systems based in Bezier, polynomial, Gordon, Ferguson, 
Cincy, and additional proprietary formulations.  In some cases, an exact mathematical conversion 
can be made between these types, other times a new surface must be approximated by creating a 
surface through a set of sampled points.  Even in the case of systems using the same formulation, 
differences in usage, for example limits on the degree of the surface, require additional processing.  
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Since this is the low level basis for any geometry conversion, understanding the idiosyncrasies of 
these formulations is the foundation for good data conversion. 
 
Once the surface has been created appropriately for the target CAD system, the trimming curves 
must be applied.  Each system has specific requirements for the trimming curves and in addition to 
the topology of the curves and the surface, the tolerance of the trimming becomes an issue.  One 
typical trimming issue arises when the trim curves do not lie on the surface to be trimmed.  This can 
be acceptable to some but not all CAD systems.  Another issue arises when there are multiple loops 
of curves that may result in several surface segments being created that are disconnected from each 
other.  An additional mathematical convention is to define the trim curves in model space (the real 
3D world) or parameter space (the 2D mathematical working world). 
 
Example trimming issues: 

 
Trim Curve outside of surface definition.  Repaired by surface extension. 

 
 

 
Trim curves that do not lie in the surface, repaired by projection. 

 
It is important to note that in many cases, these changes may be very close to the tolerances of the 
systems and often are not visible to the user, but significantly affect the success of the translation. 
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Tolerances are the next area of interpretation.  For example, the standard tolerances of the major 
CAD systems are all different: 

CAD System Tolerance Native Sur face 
Formulation 

CATIA V4 0.1 Bezier (Max Degree 16) 
CATIA V5 variable NURBS 
I-deas 0.01 mm NURBS (Max Degree 7) 
Unigraphics 0.0254 mm NURBS (Max degree 23) 

 
In addition, many of the proprietary systems have varying tolerances.  An affect of these variances 
shows up when users are attempting to diagnose problems.  Each system measures it’s own internal 
geometry using algorithms consistent with the core mathematical conventions.  These conventions 
can hide issues from the user (like curves that really aren’ t as straight as the user thinks). 
 
 
 
Once the surfaces have been created in the target system and trimmed appropriately, the next step is 
often to connect them together into a solid or a quilt of surfaces.  The establishing of this topology 
is primarily affected by the tolerance of the curves on the edges of the surface.  In the example 
below, the ends of the edges of two adjacent surfaces are within the tolerance band.  However, in 
the middle of the edge, one of the surface edges if farther away from the other and outside of the 
tolerance band.  This is a very typical issue in data exchange.  The continuity of the surface and the 
effects of any changes on that continuity and downstream operations also affect the types of 
modifications that can be made. 
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Automatic Healing & Repair 
Elysium’s DEK has more than 170 healing functions that are used for the specific requirements of 
direct translation between 2 CAD systems.  In addition to healing there are also many repair 
routines that work to maintain the intent of the design.  For example, one system may represent 
holes with Bezier surfaces, another system with an analytic cylinder.  The DEK will make this 
transformation so that the user sees the information in the form they need and expect. 
In the healing of topology to achieve solid to solid exchange, more that positional intent must be 
maintained and the DEK will also adjust the tangency and curvature to maintain smooth transitions. 
 
The next section outlines a wide range of examples of issues that the DEK handles. 
 
Elysium understands what combination of the 170 options will provide the best result from many 
years of experience and testing. 
 

Sample Control Parameters 

CatiaV5 to I-DEAS DEK Healing Switches 
 

Switch Default Comment Type 
HEAL_EDGE_ON_FACE 2 Heal gap with surface 

modification 
H 

APPROXIMATE_CRV 1 Approximate free form B-
spline curves 

H 

APPROXIMATE_SRF 1 Approximate free form B-
spline curves 

H 

TRIM_SURFACE 3 Trim surface H 
REMOVE_SMALL_FACE 1 Remove sliver face H 
MERGE_SHORT_CURVE 1 Merge short edge into 

vertex 
H 

FIT_VERTEX 1 Fit edge terminals to 
vertex 

H 

H- Healing 
T- Topology 
M- Math convention (required but will not change geometry shape) 
Set values to 0 to turn off. 
Fit_Vertex should be on if any other healing switches are also turned on as that is a 
prerequisite for many healing functions. 
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Examples of Math Conventions, Healing, and Topology operations. 

1. Remove Small Edge 
Remove edges shorter than the tolerance. The two vertices are merged after edge removal and the 
coordinate is refined. 

 
 

2. Remove Sliver Face 
Remove sliver faces whose width is smaller than the tolerance. Related edges are merged and 
geometry will be refined. 
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3. Remove Small segment of Curve and Surface 
Remove very short segment(s) from curves 

Remove very small sliver patch(es) from surfaces 

 
 

4. Fit Edge Terminal 
Refine coordinate of vertices. Fit terminals of curves to related vertices. 
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5. Fit Edge on Surface 
Edges used by 2 faces --- heal by re-intersection 

 
 

Free edges --- project the curve onto the surface 

 
 

 

6. Extend Surface 
Try to heal gap between curves and underlying surfaces by extending surfaces. 
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7. Fit Surface to Loop 

 
 
 

8. Divide Loop with Self-Intersection 
Divide a face whose outer loop is self-intersecting into several faces. 
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9. Automatic Stitch 

10. Insert Edge 

 
 
 

Producing acceptable elements for destination CAD 

1. Degree Reduction of Curve and Surface 

2. Control 3D v.s. UVCurve 
Correct Degenerate Curve 
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3. Control analytic/parametric expression 

4. Divide Cusp Curve 

5. Divide Creased Surface 

 
 
 

6. Divide Closed Face 
Divide closed face into two. 

7. Break Edge passing through the Pole 
Break curves passing through a pole of underlying surface. 
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Data reduction 

1. Approximate Curve and Surface 

 
 
 

2. Remove Knot of Curve and Surface 

3. Trim Surface 

Difficult case 

1. Surface with Self-Intersection 

2. Intersecting Loops 
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Manual Healing by CAD•Doctor 
Elysium’s CAD•doctor product provides a graphic environment that helps a user to interactively 
heal and repair a model and understand the impact of the changes.  This product allows greater 
control of the tolerances and provides interactive rather than batch tools for the user.  The first step 
in using CAD•doctor is to use the automated healing and repair capabilities of the DEK and then fix 
any remaining issues as desired. 
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Examples of CAD•doctor diagnostics: 
 
Self Intersecting Surface 
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Radial Self Intersecting Loop. 
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Radial Self Intersecting Surfaces 
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Self Intersecting surface (revolve) 
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Self Intersecting Loop 
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Self Intersecting Loop 
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Self Intersecting Surface 
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Ford Sample Parts with CAD•doctor 
 
The process used to analyze these parts was as follows: 

1. Open part in CATIA V5 
2. Export ENF file 
3. Import ENF file into CAD•doctor 
4. Check the model 
5. Translate and Heal the model (default settings for V5 to I-deas) 
6. Export the translated ENF file 
7. Import the ENF file into I-deas 

 

 
Original CATIA Data 
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As imported into CAD•doctor and with check result data displayed. 

Category  Severity 
 

Errors 
Aspect ratio patch  Minor 107 
Short curve  Critical 67 
Loop with self-intersection  Serious 54 
Sliver face  Critical 35 
Acute edge connection  Minor 31 
Curve with short segments  Critical 21 
Surface with small patches  Critical 18 
Surface with singular point  Serious 13 
Gap: In loop  Serious 6 
Gap: Edge and base surface  Serious 1 
Edge direction  Critical 0 
Intersecting loops  Critical 0 
Acute face connection  Minor 0 
Surface with oscillations  Minor 0 

 
As an example of one of the identified issues, a sliver face is isolated: 
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This face is 0.0009mm wide at one end and 0.0013mm at the other.   
 
In I-deas this is removed from the final model. 
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The Error list shows many issues that Elysium’s kernel technology will repair before sending to I-
deas. 
After running the auto-healing, the following check is displayed.  These represent issues that 
CAD•doctor believed required additional processing that was not included in the automatic defaults.   
 

 
As can be seen, the only serious error is a gap between the edge and base surface; a trimming issue.   
Once read into I-deas, 
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That surface has been cleaned up by the I-deas cleaner.  
 


