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Single Photon Emission Computed Tomography (SPECT) 

Abstract 

We present the application of the NVIDIA OptiX engine in numerical 
simulations for  Medical Imagine systems. Based on the NVidia OptiX engine, 
the  X- and Gamma-ray-tracer has been created and developed to perform  
accurate Monte Carlo simulations that determine the Point Response 
Function in case of parallel hole collimators used in SPECT tomography. 
Our software  allows to simulate  physical interactions of high energy photons 
with objects  (in pixel or mesh representation) and recording any required 
quantities, like path integrals, deposited energies  and others.  

Principle of radionuclide imaging: 
 
•  administer the patient a drug  of interest, labeled with a short-lived gamma-
emitting radioisotope 
•  measure a set of parallel projections of the gamma radiation field with a 
detector fitted with a parallel hole collimator 
•  reconstruct the radiotracer distribution to obtain clinically relevant 
information, e.g. sites of malignant tumors, blood flow in   the heart, etc. 
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Collimator performance simmulations 

Interaction Type Collimator Patient 

Photoelectric absorption 92% 0.6% 

Coherent Scattering 4% 1.8% 

Incoherent Scattering 4% 97.6% 

Using  the  OptiX  Engine  we  have  developed  the  X-  and Gamma  ray-tracer,  
which  can  be  used  for  a  number  of applications  in  medical  imaging:  
accurate  ray-tracing  based projectors for iterative tomographic 
reconstruction algorithms, both  for  emission  (SPECT,  PET)  and  transmission  
(CT) tomography,  fast  and  detailed  Monte  Carlo  simulators  of Gamma ray 
propagation in patients,  collimators,  detectors.  
 

Why do we use OptiX engine? 
 
• Easy to use: single ray programming model, 
• Optimal performance:  the  engine  ensures  the  creation  of  NVIDIA  CUDA 

executable  code,  which  is  optimized  for  the  particular  hardware, 
• Flexible programming model: it is easy to add new components,  use various data 

representations and model complicated photons interactions, 
• Creating software is scalable for multi GPUs systems. 
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Discussion 
Massive computing power provided by the GPU technology has an impact on 
the medical imaging. Complex algorithms known in research domain are 
becoming feasible for regular clinical use.  However writting the gpu code 
required significant effort to find the way to keep all available GPUs busy most 
of the time, to minimize memory transfers,  to use properly cached data 
structures to avoid uncoalescent memory read and write and finally to adapt 
software to optimal use of multi-GPU hardware. By using the OptiX engine most 
of these problems are solved automatically. 
 
 

The system of collimators is the heart of the SPECT instrument. It is responsible  
for the image creation by determining the direction, along which gamma-rays 
propagate. The structure of the collimator has the biggest impact of the image 
quality. There are many different types and shapes of collimator systems 
designed for different imaging purposes. Collimator point response function can 
be estimated by the Monte Carlo simulations of photons propagation, 
attenuation  and scattering, what is  mostly very time consuming task. 

From left:  fragment of real SPECT collimator, fragments of  tested collimators models (with 
square and hexagonal hole shapes) 

The  software  enables  to  read  data  in  
the  form  of  polygonal mesh  or  a  
volumetric  data,  configure  the  
properties  of  the materials  and  the  
radiation  source  and  to  perform  a  fast  
and accurate  computation  of  the  
physics  of  the  gamma  ray propagation,  
including penetration and coherent and 
incoherent scatter of high energy 
photons. 

 

Percentage distribution of photon interactions 
in collimator (lead) and the patient (data for 
water) for 140 keV photons. 

OptiX graph for the representation of the „scene”, used for Monte Carlo simulations, performed to find 
the point response function of parallel hole collimator. Collimators models were loaded in form of triangle 
meshes or created from the set of primitives. Rays were casted from the point source in the direction of 
the detector behind the collimator. 
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Geometric responce function for High Resolution (HR) Collimator with square hole shape (A). Collimator 
responce function for HR collimator with penetration and scattering (B). Geometric point responce function for 
High Sensitivity Collimator (HS). Collimator responce function for HS collimator with penetration and scattering. 
 

Simmulation of 109  photons. Computation time: 4min on GTX 690. 
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