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Abstract

To address issues in complex geometric modeling with Geant4, such as reliance on commercial software,
limitations of intermediate format conversion, insufficient visual interaction, and low navigation effi-
ciency, this paper designs an automatic modeling system called AutoG4CAD based on CADMesh. The sys-
tem supports directimport of CAD models in various formats (e.g., STL, OB]J, and PLY) into Geant4, avoid-
ing topological errors in the traditional STEP —» GDML conversion process. A visual interaction layer is
built using Qt5 and PyVista, integrating 6 types of views, the NIST standard material library, and custom
material management functions. By combining TetGen tetrahedral meshing with smart voxelization
technology, navigation speed is improved. The system automatically generates the Monte Carlo code file
DetectConstruction.cc suitable for Geant4, enabling direct output from CAD models to Geant4-compila-
ble C++ files. It reduces the error rate of manual modeling in scenarios such as nuclear facility dose as-
sessment and spacecraft radiation shielding design, providing reliable tool support for high-precision
particle simulation of complex geometries.
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Figure 1. Interface of AutoG4CAD
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Figure 2. AutoG4CAD architecture diagram
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Figure 3. Workflow of AutoG4CAD
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auto cube_mesh = CADMesh::TessellatedMesh::FromSTL(". /cube.stl");

auto cube_logical = new G4LogicalvVolume( cube_mesh->GetSolid()
, water
, Logical’
, 0,0,0

);

Figure 4. Example usage of loading as a tessellated solid
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auto sphere_tets = CADMesh::TetrahedralMesh: :FromSTL(". neutron_activation.stl");
sphere_tets->SetScale(1);
sphere_tets->SetMaterial{water);

auto sphere_assembly = sphere_tets-»GetAssembly();

auto position = G4ThreeVector();
auto rotation = new G4RotationMatrix();

sphere_assembly-=MakeImprint{world_legical, position, rotation);

Figure 5. Example usage of loading as a tetrahedral mesh
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Figure 6. Simple geometries and complex geometries: (a) Cube; (b) Frustum; (c) Sphere; (d) Neutron activation model
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Table 1. Geometric equivalence results of four test geometries
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= 100 192 Pass Pass
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Figure 7. Tessellated solid of four test geometries: (a) Cube; (b) Frustum; (c) Sphere; (d) Neutron activation model
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Figure 8. Tetrahedral mesh of four test geometries: (a) Cube; (b) Frustum; (c) Sphere; (d) Neutron activation model
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Figure 9. Simulation setting
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Table 2. Comparison of loading time and simulation time
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