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Abstract. The design of nuclear imaging scanners is crucial for optimizing detection 

and imaging processes. While advancements have been made in simplistic, 
symmetrical modalities, current research is progressing towards more intricate 
structures, however, the widespread adoption of computer-aided design (CAD) tools 
for modeling and simulation is still limited. This paper introduces FreeCAD and the 
GDML Workbench as essential tools for designing and testing complex geometries in 
nuclear imaging modalities. FreeCAD is a parametric 3D CAD modeler, and GDML is 
an XML-based language for describing complex geometries in simulations. Their 

integration streamlines the design and simulation of nuclear medicine scanners, 
including PET and SPECT scanners. The paper demonstrates their application in 

creating calibration phantoms and conducting simulations with Geant4, showcasing 
their precision and versatility in generating sophisticated components for nuclear 
imaging. The integration of these tools is expected to streamline design processes, 
enhance efficiency, and facilitate widespread application in the nuclear imaging field. 
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1 INTRODUCTION 

Nuclear imaging plays a vital role in medical diagnostics, providing detailed images of 

physiological processes within the body through the detection of radioactive tracers. Techniques 

such as positron emission tomography (PET) [1–6] and single photon emission computed 
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tomography (SPECT) [7–9] have evolved significantly over the years, becoming indispensable 
tools in both clinical and research settings. Initially, these imaging modalities were characterized 
by relatively simple and symmetrical designs, which offered sufficient resolution and sensitivity 
for many applications. However, the need for more precise and detailed imaging has driven the 

development of increasingly complex structures. Advancements in detector technology, 
particularly in scintillators and photodetectors, have allowed for improved spatial resolution and 
sensitivity, enabling the visualization of finer anatomical details and more accurate quantification 
of tracer distribution. Modern nuclear imaging systems now incorporate intricate geometries and 
advanced materials to optimize performance, including innovations in detector configurations. 
In this paper, we introduce the FreeCAD/GDML workbench (WB) to effectively design and test 
these intricate geometries, with particular focus on nuclear imaging modalities [10,11]. 

 FreeCAD is a versatile, open-source 3-dimensional (3D) CAD modeler designed for various 

applications. It features parametric modeling, a modular architecture, and integration with 
several open-source libraries, enhancing its capabilities for complex design and analysis tasks 
[10]. GDML (Geometry Description Markup Language) is an XML-based language ideal for 
describing complex geometries for simulations that follow the Geant4 protocols. It enables 
precise definitions of geometries, simulation compatibility, and the creation of nested structures, 

which are essential for designing detector arrays and complex assemblies [10]. The GDML WB 
is a FreeCAD add-on for exporting FreeCAD geometries to a GDML file, and for importing a GDML 
file into FreeCAD. The GDML WB is not bundled with FreeCAD but must be installed via the 
FreeCAD Addon Manager [11]. This process involves selecting the GDML WB from the available 
addons, which integrates it into FreeCAD. We note that the GDML's WB tools can be combined 
with other FreeCAD preinstalled or addon WB’s, (e.g. Part for 3D modeling, and Body for 
managing solid bodies) allowing for versatile and complex designs. In addition to exporting the 

standard GDML solids, the WB allows the export of FreeCAD arrays, extrusions, revolves, and 
reflections or even changes in properties following the common protocols of the particle physics 

Monte Carlo simulation platform, Geant4 [12]. Direct export of geometry in GDML format 
eliminates the need for complex conversions or manual adjustments, saving time and reducing 
potential errors.  Moreover, the output is compatible with software based on the Geant4 engine 
such as VPG4 [13,14]. Following the Geant4 protocol is a contrasting feature of the 
FreeCAD/GDML WB, and is unique among other current, major CAD platforms. Additionally, 

FreeCAD Macros (python scripts) can be used to create user-specific tasks in cases where the 
standard FreeCAD array structures are insufficient.  Therefore, it offers users substantial benefits 
in terms of automation, quick geometry generation, and efficiency, with the cost primarily of 
learning the FreeCAD interface. Important features of the GDML WB that are specifically relevant 
to medical imaging scanners include: 

● Polar and Planar Arrays: Facilitate the creation of regularly spaced detector arrays, 

crucial for PET and SPECT scanner designs. 
● Tessellated Meshing: Enables the creation of intricate, mesh-based structures, 

improving the fidelity of simulated geometries. 
● Mirror Copy/Displacement: Simplifies the replication and positioning of symmetrical 

components, ensuring accurate and efficient design of scanner elements. 
Given the capabilities of FreeCAD and the GDML WB, along with the current state of nuclear 

imaging, this paper integrates and provides the necessary tools to facilitate the design and 

simulation of PET and SPECT scanners.  In the following sections, we will introduce the design 
principles of PET and SPECT systems, discuss the creation of phantoms for calibration, and 
demonstrate the application of FreeCAD/GDML WB in these processes. Additionally, we will 
illustrate both the usefulness of FreeCAD/GDML WB and the flexible import and export of GDML 
files in simulations with Geant4. Ultimately this paper aims to pave the way for easy-access 
applications to generate complex components for nuclear imaging modalities. 
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2 POSITRON EMISSION TOMOGRAPHY (PET) 

PET is a high-energy imaging technique that provides high-resolution images of the body's functional 
processes. PET scanners detect pairs of back-to-back ~511 keV gamma rays emitted when a positron 
from a decaying radionuclide in the tissue being imaged annihilates with a nearby electron. Their 

design entails arranging scintillation detectors in a radially symmetric configuration, such as a 
circular or hexagonal array, that encircles the patient. These detectors convert gamma rays into 
light, which is then transformed into electrical signals by photomultiplier tubes (PMTs) or silicon 
photomultipliers (SiPMs). The precision arrangement and synchronization of these detectors enable 
accurate localization of positron emissions, facilitating high-resolution imaging [15–18]. PET scanner 
radiation detectors each contain a scintillator crystal made from materials like lutetium 
oxyorthosilicate (LSO) or lutetium-yttrium oxyorthosilicate (LYSO) to convert gamma rays into 

visible light photons. Positioned behind each crystal is a PMT or SiPM that converts these photons 

into amplified electrical signals. A data acquisition system (DAQ) collects and processes these 
signals, converting them into digital data used for image reconstruction. Some PET scanners include 
a collimator to focus gamma rays for improved spatial resolution. The gantry, which houses the 
detector ring and encircles the patient bed, rotates around the patient during imaging. Advanced 
computer systems and software are essential for image reconstruction, data analysis, and 

visualization. Radiotracers injected into the patient emit positrons, generating gamma rays that are 
detected by the PET scanner to produce detailed 3D images depicting metabolic and physiological 
processes in tissues and organs. To better understand the mechanics and design variations of PET 
scanners, it is important to explore their structural components and configurations, starting with the 
simplest design.  

2.1 Single PET Structure - Single Ring 

We begin by creating the fundamental elements of PET. Figure 1 shows the tools to create 
components of a PET in the FreeCAD/GDML WB with three main components. One is the set of 
creation tools, which allow users to create the 3D shape of a box, a sphere or a trapezoid. The 
dimensions, material, and placement (position and rotation) of the created shapes can be edited in 
the property data panel that FreeCAD displays. 

 

 
 

Figure 1: Demonstration of the GDML WB layout with the building toolbox for simple geometry 
creation. 

 
For a single-ring PET, the GDML WB’s GDMLBox tool is used to define the foundational elements. For 
instance, a large box is created as the primary container for the PET components. Simple shapes like 
spheres and smaller boxes can then be added using the sphere creation tool and additional GDMLBox 

commands. These shapes are positioned within the primary container by specifying their dimensions, 
positions, and orientations. The set of tools is indicated in the green box of Figure 1. 
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Within the GDML WB, one useful tool is the array function, which allows users to replicate basic 
elements across defined intervals, generating multiple instances arranged in a grid-like pattern. This 
tool is especially relevant for designing the linearly repeated structures of a PET system. Parameters 
such as the number of elements and spacing intervals can be adjusted to meet specific design criteria. 

Figure 2 shows an example of an orthogonal array of 8x8 photomultiplier detectors attached to the 
scintillator for a single PET detector. The scintillator is a 3D box of dimensions 27 x 27 x 10 mm3, 
and the photosensors are an 8 x 8 array of 3.2 x 3.2 x 2 mm3 Si photomultiplier (SiPM) crystals. 

 

 
 

Figure 2: Planar array tool shown in GDML WB. 
 
Furthermore, the Polar Array function simplifies the creation of radially symmetrical rings for PET 
structures, such as the octagonal structure in Figure 3. By setting the number of elements and 

positioning them accordingly, a ring is created. Figure 3 presents an example of a polar array of eight 
elements, each of which is an 8 x 8 orthogonal array of 3.2 x 3.2 x 2 mm3 crystals.   
 

 
 

Figure 3: Demonstration of the Polar array tools. 

 
As indicated in Figure 3, arrays can be nested, such as in a polar array of a planar rectangular array 
of detectors. Beginning with simple shapes and leveraging array functions enables users to quickly 
implement these techniques, leading to more complex and efficient designs. Figure 4 shows a single 
ring of a simple PET structure created with a 3D box, sphere creation, and a polar array of a planar 
array [19].   
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Figure 4: Demonstration of a PET structure–single ring. 

 

2.2 Simple PET Structure-Multiple Ring (Whole Body PET) 

Building on the foundational concepts of PET structures, we use FreeCAD/GDML to scale up to larger 
PET designs, such as a whole-body PET scanner incorporating multiple rings and modifiable ring 
configurations. In this design, we begin with simple box shapes that are organized into intricate 
arrays. For instance, creating a 3.2 x 3.2 x 10 mm3 box and arranging it in a 7 by 6 array with 
specific intervals forms the basis for larger configurations [20–22]. These arrays are further 

expanded into larger grids and positioned precisely within the 3D space. Using the Union tool, setting 
the axis, and specifying the number of elements, we can create multiple rings of detectors for full-
body scanning. These rings are then replicated to form a series of arrays, which can be adjusted in 
position and size to meet the design requirements. The rings can be created both by array and copy 
functionalities. Figure 5 shows an overview of a whole-body PET, which is achieved from a single ring 

PET that is discussed in the previous section by using planar array based on the number of rings 
[23]. 

 

 
 

Figure 5: Demonstration example of the PET structure – whole body PET. 

 
Different structural configurations, such as missing rings and missing detectors, can be created by 
modifying the array parameters. These configurations are particularly relevant to structures with 

sparse detector positionings. Figure 6 shows missing rings and missing detectors from a whole-body 
PET example, obtained by the removal of certain elements of the planar and/or polar arrays. The 
simplicity of the CAD design process enables us to achieve any other variation of a whole-body PET 
structure quickly. 

2.3 Coupled 4 to 1 Prism PET and Coupled 9 to 1 Prism PET 

Prism-PET was developed using a prism-shaped detector to achieve advanced imaging capabilities, 
including improved resolution and sensitivity [21]. It features segmented prismatoid light-guides 
with distinct center, edge, and corner designs to ensure uniform crystal identification. By confining 

light sharing to nearest SiPM neighbors, it enhances the signal-to-background ratio, energy and 
depth of interaction (DOI) resolutions. The segmentation pattern decouples adjacent crystals, 
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enhancing identification. Right triangular prisms improve inter-crystal light-sharing ratios, further 
boosting performance. Here, we utilize FreeCAD/GDML to construct a PET structure to showcase the 
effectiveness and flexibility of these tools in developing intricate and detailed geometries, such as 
coupling 4 or 9 crystals to a single prism detector. This process uses a combination of basic shapes, 

arrays, and transformations to build the prism PET components effectively. 
 

 
 

Figure 6: Whole body PET with: (a) missing rings; and (b) missing detectors. 
 

We begin with a GDMLBox that is set as the initial structure, providing a base of 120 x 120 x 120 
mm3. Next, smaller elements such as boxes and trapezoids are created to represent the crystals and 
detectors of the PET system. These elements are sized and positioned to fit within the overall 
structure, with specific configurations like coupling 4 or 9 scintillator crystals to a single prism 
detector [24–27]. Modules that were examined include one that consisted of a 16 x 16 array of 1.4 
x 1.4 x 20 mm3 LYSO crystals coupled 4-to-1 and a second that used 0.96 x 0.96 x 20 mm3 LYSO 
crystals to achieve 9-to-1 coupling [28–32]. Further details of this structure are available in [21].   

Additional components, such as corner detectors and 4 sides & center detectors, are constructed 
in a similar manner. Unlike the usual box-shaped array, in the coupled 4-to-1 prism case, the 
detectors involved have different shapes. Corner detectors maintain a box shape, whereas the 4 
sides and center detectors feature a box-shaped base with a trapezoidal top. We utilized both box 
and trapezoid tools to achieve the desired shapes, and then employed the “union” tool to combine 
all the created parts into a cohesive whole. A similar method was used for the coupled 9-to-1 prism 
case, with the key difference being that the 4 side detectors are box-shaped while the center 

detectors have a box-shaped base and a trapezoidal top. These geometries are replicated using 
ortho array functions to create the complete detector. These components are then positioned and 
rotated to seamlessly integrate into the PET structure, ensuring alignment and optimal functionality. 
Throughout this process, elements are adjusted and reoriented to align with the overall design, to 
achieve the symmetry and efficiency of the PET system. Figures 7 & 8 illustrate the more complex 
single-ring PET structures, specifically the coupled 4-to-1 prism PET and the coupled 9-to-1 prism 

PET [33,34]. 
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Figure 7: Demonstration of coupled 4 to 1 prism PET – single ring in FreeCAD/GDML WB. 
 

 
 

Figure 8: Demonstration of coupled 9 to 1 prism PET – single ring in FreeCAD/GDML WB. 
 

2.4 VRAIN PET 

This section aims to highlight how the FreeCAD/GDML WB tools can be used to design and construct 
intricate geometries for specific imaging needs. As an example of a complex structure, we created a 
VRAIN PET structure. VRAIN was introduced as a dedicated PET system optimized for brain imaging 

[35–38]. Its design features a hemispherical detector arrangement, which enhances spatial 
resolution and balances production cost with sensitivity. The system uses 54 detectors in a 
hemispherical configuration, along with an additional half-ring behind the neck. Each detector 
consists of a 12 × 12 array of lutetium fine silicate crystals coupled one-to-one with a 12 × 12 array 

of silicon photomultipliers. This setup reduces photon non-collinearity effects and increases radiation 
detection efficiency. VRAIN's advanced design results in high-resolution imaging, particularly 
beneficial for visualizing small brain nuclei and gray matter structures (see [37]).  

The VRAIN PET structure starts with a box shape measuring at 4.1 x 4.1 x 10 mm3. This basic 
element is then replicated into a 12x12 array. Furthermore, the VRAIN PET structure includes 
variation in the number of elements and the rotational angles in the polar arrays. For instance, 
creating polar arrays containing 4, 10, 14, and 16 elements, each rotated at specific angles about 

the x-axis, builds a detailed PET structure. Figure 9 shows the flexibility of polar arrays, where the 
number of detectors is adjusted based on a ring and the angle of rotation of that ring. 

 

 
 

Figure 9: Adjustable polar array tool. 
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Each ring is then positioned and oriented to form a cohesive whole. The process involves delicate 
placement and rotation, ensuring that each component aligns correctly within the overall design. 
Figure 10 shows an overview of the VRAIN PET structure, which demonstrates the flexibility of 
FreeCAD/GDML to create complex structures [39]. 

 

 
 

Figure 10: Demonstration of VRAIN PET structure in two views in FreeCAD/GDML. 

 

2.5 BRAIN PET 

This section demonstrates the automatic process of creating complex objects by using external and 
macro files. This automation not only streamlines the design process but also ensures precision and 
consistency in the production of components.  

The FreeCAD and GDML WB tools do not support the arbitrary placement of spherical arrays, i.e., 
arrays in which objects are placed on a spherical surface and point towards the origin. (The supported 
polar array places objects uniformly around an axis.) To support generation of spherical arrays, we 

developed a macro file (a Python script), which is customized for placing the objects in arbitrary 
positions beyond the planar and polar arrangements. 

We start by creating a simple box, which serves as the basic unit of the structure. By copying 

and pasting predefined rotation angles into the Python console, users can manipulate the geometric 
configurations seamlessly. The integration of these rotation angles allows for precise positioning and 
orientation of each object within the PET structure. 

By selecting the box and executing specific Python commands (see Figure 11), users can define 
the object locations and orientations through external files containing center points and angles. The 
same approach can be applied to create the rest of the rings and panels, with adjustments made to 
correspond to the specific components being designed. By the end, a fully automated process for 

constructing the PET scanner elements has been developed, with all central objects accurately 
positioned and oriented. Figure 11 shows how to insert a script into Python the console. 
 

 
 

Figure 11: The Python console allows users to integrate scripts. 
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The Python script makes the construction of complex PET designs both accessible and efficient. Thus, 
if users can script a macro file and an external file containing the center points of the desired objects, 
then these files can be imported into FreeCAD/GDML to automate the generation of specific structures 
or objects. Figure 12 shows a Brain PET structure created by using an external file and a macro file 

to place the components of complex PET design (see tutorial video at [40]). 
 

 
 

Figure 12: Demonstration of BRAIN PET structure in two views in FreeCAD/GDML. 
 

3 SINGLE PHOTON EMISSION COMPUTED TOMOGRAPHY (SPECT) 

This section shows the development of structural components for common SPECT scanners by 
showcasing the Dynamic Cardiac-dedicated SPECT scanner developed by our team [41–44]. SPECT 
scanners comprise gamma cameras, collimators, and detector arrays. Gamma cameras are equipped 

with scintillation crystals and photomultiplier tubes, converting gamma rays into light and then into 

electrical signals. Collimators, typically made from lead or tungsten, filter incoming gamma rays to 
ensure only those at specific angles reach the detectors, thereby enhancing spatial resolution. 
Detector arrays, arranged in square or multi-headed configurations, ensure comprehensive coverage 
and high sensitivity [41–44]. These components must be precisely aligned and synchronized to 
generate precise and high-resolution tomographic images.  

Our DC-SPECT scanner comprises fundamental components such as gamma cameras, 

collimators, and detector arrays. It is important to note that these methodologies and designs are 
applicable and transferable to other SPECT scanners, demonstrating GDML's ability to provide the 
necessary design tools across different SPECT scanners. 
 

3.1 Detector Design in Arbitrary Array Arrangement 

Standard detector configuration begins with the creation of a 25 by 25 array of crystal detectors, 
each measuring 10 x 2 x 2 mm3, which is replicated to form a detector array that fits design 
requirements by using a macro file to automate the positioning and orientation of detector boxes 
with arbitrary placements. The macro file enables users to define coordinates and rotational angles 
for each detector unit via external data files. Also, it allows the central reference array to be hidden 
and the manual addition of comments in the GDML file upon export. Figure 13 shows the detector 

arrays that are created in an automatic manner using external and macro files in FreeCAD/GDML for 
the DC-SPECT scanner [45]. 

3.2 Collimator Design 

Next, we explore two variations for generating the collimator in FreeCAD/GDML WB. By showing 
different variations, we demonstrate the possibilities that accommodate the design requirements. 

Creating multiple variations allows us to evaluate the efficacy of different collimator designs in terms 

of computational simulation and preparation work.  
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Figure 13: Demonstration of detector array structure in FreeCAD/GDML. 
 

Variation 1: This version of the collimator is designed by creating the body part, typically a 
frustum, and proceeds by constructing the base and pinhole. Each component is designed using the 
FreeCAD/GDML WB, with precise dimensions and spatial relations to ensure proper alignment. For 
example, a square frustum may be created with dimensions of x1 = x2 = y1 = 48 mm, x3 = x4 = 

y2 = 6.3 mm, and z = 78 mm. This frustum is then refined by subtracting a smaller frustum from it, 
resulting in a thin-walled, truncated pyramidal structure. Similarly, the base and pinhole are 
constructed by creating boxes and smaller frustums and refining their dimensions through a series 
of cuts, ensuring they align perfectly with the pyramidal body. Figure 14 shows a DC-SPECT 
collimator created following the first variation [46]. 
 

 
 

Figure 14: Demonstration of variation 1 - collimator structure in three views in FreeCAD/GDML. 
 

Variation 2: Another method for constructing the collimator model involves merging pyramidal, 
pinhole, and box walls. In this approach, we use the "trap" (trapezoid) tool to create four trapezoidal 

walls, adjusting their placements and rotations to form a thin pyramidal body. The base is similarly 
constructed by creating and positioning box walls, while the pinhole is built from smaller box walls 
and positioned precisely. This variation shows an alternative way to create collimators without using 
the cut tool. Figure 15 illustrates a DC-SPECT collimator created using this second variation. 
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Figure 15: Demonstration of variation 2 - collimator structure in three views in FreeCAD/GDML. 
 

The “union” tool can be used to merge all three parts into a single collimator, or they can be grouped 
into the same box/tree for easier positioning and orientation as a whole unit. Depending on the 
design requirements and performance efficiency, users can choose to merge only two parts, such as 
the pyramidal body and pinhole, and separate the base part in another box/tree.  
One of the advantages of FreeCAD/GDML is the ability to record macros, allowing users to record the 
collimator creation process with varying dimensions. By adjusting the values in the macro file, the 
tool can automatically generate different collimator configurations. Figure 16 shows collimator arrays 

that are automatically created and placed using a recorded macro file.  
 

 
 

Figure 16: Demonstration of collimator array structure in FreeCAD/GDML. 
 

3.3 Combining Variations for a Complete SPECT Scanner 

The combination of various collimator designs and detector configurations yields a complete SPECT 
scanner. Additionally, the ability to import components such as lead shields further enhances the 
scanner's functionality. These shields reduce background noise and improve image quality by 
blocking unwanted radiation. This modular approach allows for a customizable SPECT scanner design, 
tailored to meet the needs of scientific research and medical diagnostics. Figures 17 & 18 show the 

full array of DC-SPECT gamma cameras, including the collimator shells and the scintillator crystals, 
without and with the shield, respectively, that we automatically create using external and macro files 
[47]. 
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Figure 17: Demonstration of DC-SPECT structure in FreeCAD/GDML. 
 

 
 

Figure 18: Demonstration of DC-SPECT with shield in FreeCAD/GDML. 

4 INTEGRATION OF SPECT AND PET IN A SINGLE STRUCTURE 

The integration of SPECT and PET into a single structure represents a potential advancement in 
medical imaging technology. This integration facilitates simultaneous acquisition of functional and 

metabolic information, improving diagnostic accuracy and offering a comprehensive view of 
physiological processes [48,49]. Within FreeCAD/GDML, users can design and assemble intricate 

structures combining SPECT and PET components. Leveraging geometric modeling and scripting 
capabilities, various detector configurations and collimator designs can be seamlessly integrated into 
unified systems. Additionally, the flexibility of GDML permits the inclusion of supplementary 
components, such as lead shields, to improve image quality and reduce stray radiation exposure. 

5 INTEGRATION OF SPECT AND PET IN A SINGLE STRUCTURE 

Phantoms are essential tools in medical imaging and radiation therapy, serving as stand-ins for 
human tissues or other materials to test, calibrate, and validate imaging devices and techniques [50–
53]. These structures mimic the physical and geometric properties of the tissues they represent, 
enabling precise experimentation and optimization of imaging protocols without the need for human 
subjects. In this context, we introduce a process to create phantoms that exemplifies the use of 
triangular arrays within the GDML WB to automate the design of patterned structures. We developed 

a script for "Triangular Array", which can be accessed from the FreeCAD Python console. This macro 
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enables users to select and replicate an object. Figure 19 shows an overview of a triangular array 
Phantom [54]. 
 

 
 

Figure 19: Demonstration of phantom in two views in FreeCAD/GDML. 

6 OTHER FEATURES OF THE FREECAD/GDML WB 

6.1 Converting Structures from External CAD Platforms into the FreeCAD/GDML WB 

Converting structures from other CAD platforms (such as SolidWorks, Fusion, OnShape and others) 
into FreeCAD/GDML involves: (1) exporting a model as a STEP file from the CAD package and 
ensuring the tessellation parameters capture all details; and (2) importing the STEP file into FreeCAD 
by using the File -> Import -> “step file” menu item. This process transforms the model into a 
tessellated mesh. Tessellated meshing in the GDML Workbench is crucial for maintaining geometric 

fidelity necessary for accurate simulations, particularly in applications requiring intricate surface 
details. This conversion process enables us to leverage the detailed designs created outside of 
FreeCAD for advanced simulations on GDML-compatible platforms. Figure 20 demonstrates how to 
import a step file into the FreeCAD/GDML workbench. 
 

 
 

Figure 20: Demonstration of Import STEP file into FreeCAD/GDML WB. 

 

6.2 Importing Optical/Material and Exporting to GDML 

Integrating optical and material properties into GDML files in FreeCAD enables the external 
assignment of these properties to created objects. When FreeCAD/GDML WB lacks specific materials, 

users can import custom properties from external files, such as XML files. This imported data 
integrates seamlessly into the GDML WB framework, expanding the utility of simulations by 

accommodating a broader range of materials. The material format follows the Geant4 protocol and 
is usable in simulations. Figure 21 illustrates how to import optical/material files into FreeCAD/GDML 
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workbench [55], while Figure 22 shows how to export a GDML file from the FreeCAD/GDML 
workbench. 
 

 
 

Figure 21: Demonstration of Import optical/materials into FreeCAD/GDML WB. 

 

 
 

Figure 22: Demonstration of Export as GDML file from FreeCAD/GDML WB. 
 

7 CONCLUSIONS 

This work demonstrates the flexibility of FreeCAD/GDML in designing various medical imaging 
applications. These tools offer robust capabilities for geometric modeling, scripting, and integration, 

allowing for precise customization of key scanner components, including detectors, collimators, and 
structural assemblies. This adaptability allows researchers and engineers to tailor scanner designs 
to meet the specific demands of advanced imaging modalities, especially in optimizing performance 
and improving diagnostic accuracy in PET and SPECT imaging. FreeCAD/GDML has already been 
successfully implemented in high-performance simulation platforms like VPG4 [13], and we 

anticipate its adoption will become increasingly widespread within the broader medical imaging 
community. 
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