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Prerequisites
The following OCC triangulation algorithms are concerned by this report: 
· BRep mesh (incmesh command in Draw interpreter)
· Express mesh (QMdiscr command in Draw interpreter)
The initial aim was to enable the following checks for both algorithms:

· Check that the triangulation area approximates the geometric (natural) area with the given precision
· Check if there are any internal edges with the missing adjacent triangles. Such edges are called free links in the test scenarios
· Check that a deflection between two adjacent triangulations (on faces) is not greater than the tolerance passed. Such failures are called cross face errors in the test scenarios
· Check that the resulting mesh is properly balanced. It means that an arbitrary seam edge (common for a couple of faces) must have the same number of discretization steps in its adjacent triangulations. If such edges exist, they are called asynchronous edges
All these checks were already developed (by MSV) and represented as commands for Draw interpreter. The first validation was accessible through QMtriarea command, while the rest of checks were included in QMchecktopo command. Both commands were designed for usage with Express mesh only. However, the mentioned checks can be also provided for the incremental mesh (BRep mesh) to check its quality as well. That’s why it was decided to transfer these checks from TKEMeshTest toolkit (specific for Express mesh) to TKTopTest toolkit (more common one).
The following tests were performed initially:

For BRep mesh:

· Quantitative parameters (number of triangles and nodes) were retrieved and shown
For Express mesh:
· Triangulation existence check was performed (implemented by CheckDiscreteModel TCL procedure)
· QMtriarea

· QMchecktopo
1. What has been done
The following changes were introduced:

1. QMtriarea and QMchecktopo commands were transferred from TKEMeshTest toolkit into TKTopTest toolkit with the new names: triarea and checktopo correspondingly.
2. TCL script for the Express mesh testing was adjusted to use these new command names.

3. CheckDiscreteModel procedure was completely removed from TCL script for the Express mesh testing (comparing to the triarea and checktopo commands, CheckDiscreteModel procedure is obsolete and useless).
4. TCL script for BRep mesh testing was extended to call triarea and checktopo commands.
The list of modified development units can be found in the following bug-tracker issue: http://bugtracker.opencascade.com/show_bug.cgi?id=22078
In order to have the complete test suite for triarea and checktopo commands, the collection of knowingly bad triangulations was prepared. Each one contains some specific mesh error to cover all possible failures of emh and msh tests.
1. Area approximation failure

Purpose: to reproduce area approximation error.
Solution: a compound of two simple triangulated faces is built. Then the resulting triangulation is slightly adjusted (in the persistent BREP file): the (0, 0, 0) triangulation point is changed to (0, 0.3, 0) point.
The prepared brep-model: ~ssv/occ_tmp/bad_shapes/a_triarea (see )
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Test scenario

Draw[1]> box a 1 1 1

Draw[2]> explode a F

Draw[3]> compound a_1 a_3 a

Draw[4]> clear

Draw[5]> display a

Draw[6]> QMdiscr m a_3 -min 0.5 -max 0.5

Draw[7]> QMdiscr m a_1 -min 0.5 -max 0.5

Draw[8]> save a a_triarea

### Adjust BREP to reduce the triangulation area ###

Draw[9]> restore a_triarea a

Draw[10]> set t_area [lindex [triarea a] 0]

Draw[11]> set g_area [lindex [triarea a] 1]

Draw[12]> puts "Approximation error: [expr abs($g_area - $t_area)/$g_area*100]%"

For the given triangulation the approximation error is 3.749%. Note, that the tolerance specified in emh and msh grids is 1%.
2. Free links


Purpose: to reproduce free links error.

Solution: a simple face is created. The triangulation is built. Then the resulting triangulation is slightly adjusted (in the persistent BREP file): PolygonOnTriangulation corresponding to one of the edges is removed.
The prepared brep-model: ~ssv/occ_tmp/bad_shapes/a_freelinks
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Test scenario

Draw[1]> box a 1 1 1

Draw[2]> explode a F

Draw[3]> clear

Draw[4]> display a_1
Draw[5]> QMdiscr m a_1 -min 0.5 -max 0.5

Draw[6]> save a_1 a_freelinks
### Adjust BREP to break the triangulation ###

Draw[7]> restore a_freelinks a

Draw[8]> checktopo a
The output will be the following:

Free_links 2 Cross_face_errors 0 Async_edges 0 free links of face 1

{3 1} {2 3}

3. Cross face errors


Purpose: to reproduce cross face error.


Solution: a box is created and meshed. Then a compound of a_1 and a_2 is created (note that it is necessary to mesh the whole box, not face-by-face). The BREP file is adjusted then to break mesh continuity as shown in the picture below (point (0, 0, 0.5) is changed to point (0, 0, 0.2) in the triangulation polygon of the seam edge).

The prepared brep-model: ~ssv/occ_tmp/bad_shapes/a_crossface
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Test scenario

Draw[1]> box a 1 1 1
Draw[2]> QMdiscr m a -min 0.5 -max 0.5

Draw[3]> explode a F

Draw[4]> compound a_1 a_3 a

Draw[5]> clear

Draw[6]> display a

Draw[7]> save a a_crossface
### Adjust BREP to break mesh continuity ###

Draw[8]> restore a_crossface a

Draw[9]> checktopo a
The output will be the following:

Free_links 0 Cross_face_errors 1 Async_edges 0 cross face errors: {face1, node1, face2, node2, distance}

{1 2 2 2 0.3}
4. Asynchronous edges

Purpose: to reproduce asynchronous edge error.


Solution: a compound of two simple faces is created. Each one is meshed separately with the different min & max parameters to produce not balanced mesh. Note that visually everything is done at this step, so checktopo command must fail with “async edges” error. However, it won’t happen because internally the seam edge loses its triangulation polygon for the first meshed face. To workaround this, the lost polygon was added programmatically (by adjusting BRep_CurveRepresentation list for the BRep_TEdge)

The prepared brep-model: ~ssv/occ_tmp/bad_shapes/a_async
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Test scenario

Draw[1]> box a 1 1 1

Draw[2]> explode a F

Draw[3]> compound a_1 a_3 a

Draw[4]> clear

Draw[5]> display a

Draw[6]> QMdiscr m a_3 -min 1 -max 1
Draw[7]> QMdiscr m a_1 -min 0.5 -max 0.5

Draw[8]> save a a_async
### Use the following code to put the lost polygon to the seam edge ###
BRep_ListOfCurveRepresentation* list = 
  &(*((Handle(BRep_TEdge)*)&aEdge.TShape()))->ChangeCurves();

Handle(Poly_PolygonOnTriangulation) dummyPoly = 

  new Poly_PolygonOnTriangulation( *(new TColStd_Array1OfInteger(1, 1)) );

Handle(BRep_PolygonOnTriangulation) brepDummyPoly = 

  new BRep_PolygonOnTriangulation(dummyPoly, aT2, aLoc2);

list->Append(brepDummyPoly);

###
Draw[9]> restore a_async a

Draw[10]> checktopo a
The output will be the following:

Free_links 0 Cross_face_errors 0 Async_edges 1 async edges: 1
2. Possible improvements of test scenarios
There is a place for improvements in the current test suites (emh, msh). The following considerations can be taken into account.
Improve test scripts:
· Implement result comparator in Express mesh testing routine. Once the test is launched, the results of its execution are compared with the expected data stored in a separate file
· Add usage of Draw chronometer into Express mesh test suite. By that means provide a performance check for the algorithm. Use tolerance of 10% for the expected result (if deviation is greater than the tolerance then regression is detected)
Inspect mesh quality and its dependence on the shape being tessellated:
· Check if there are any shapes whose Express mesh quality is worse than for BRep mesh
· For each shape inspect (at least visually) the resulting triangulation coverage. There shouldn’t be too much triangles in the regular areas. There shouldn’t be too little triangles in specific areas
· Find all the shapes which fail to be meshed properly (in case of triarea or checktopo failure)
· Varying min & max parameters for the Express mesh, perform triarea and checktopo commands to see the failures on the rough approximation
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