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Abstract: Graphics Processing Unit (GPU) plays an important role in parallel processing. Most of the computers are having GPU 

for the faster processing of graphical output. Parallel algorithms running on GPUs can often achieve up to 100x speedup over 

similar CPU algorithms, with many existing applications like signal processing, neural networks, financial modeling, image 

processing and in other countless fields. This paper deals with how this GPU programming can be utilized for medical image 

processing. 
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1. INTRODUCTION 

 

   In today’s health care, imaging plays an important role throughout the entire clinical process from diagnostics and 

treatment planning to surgical procedures and follow up studies. Since most imaging modalities have gone directly digital, with 

continually increasing resolution, medical image processing has to face the challenges arising from large data volumes. To deal 

with these large data volumes parallel processing is essential. Parallelism is the future of high-performance computation in 

medical applications. Over the past several years, GPU has been continuously developed as a higher-performance accelerator 

platform for data parallel computing, especially in medical image processing and analysis. In recent years, the computational 

speed of GPU has increased rapidly, thus the GPU can provide more significant acceleration for many computationally-heavy 

tasks compared to conventional CPU-based computing framework. Recently, GPU has emerged as a competitive platform for 

high-performance computing due to its massive processing capability.  

 

2.  CUDA 

 

CUDA is a parallel computing platform and programming model developed by NVIDIA for general computing on 

graphical processing units (GPUs). With CUDA, developers are able to dramatically speed up computing applications by 

harnessing the power of GPUs. In GPU-accelerated applications, the sequential part of the workload runs on the CPU – which is 

optimized for single-threaded performance – while the compute intensive portion of the application runs on thousands of GPU 

cores in parallel. When using CUDA, developers program in popular languages such as C, C++, Fortran, Python and MATLAB 

and express parallelism through extensions in the form of a few basic keywords. For the convenience of general-purpose parallel 

programming on the NVIDIA GPU, the CUDA brings the C-like development environment to programmers and delivers.  

 

 

 

 

 

 

 

 

 

          

                                                             Figure 1 shows a  schematic  

 

Overview of the CUDA programming model. 

 

Figure 2.1: GPU Multiprocessors and a Global Memory 

 

Generally speaking, each CUDA-enabled GPU is made of a collection of streaming multiprocessors and a global 

memory. As shown in Figure 1, kernels are basic building blocks of CUDA, which will be launched from  
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the host (CPU) and executed on the graphics device (GPU). In the part of graphics device, each thread block is executed on a 

single stream multiprocessor, which is made up of a set of cores. Meanwhile, the threads are organized into blocks of threads 

within a grid of block. There also exist some other approaches for GPGPU computing, such as the Khronos Group’s OpenCL and 

Microsoft’s Direct Compute, all of them derive from the similar concepts for parallel computing. CUDA has been extensively 

studied and widely used in various application domains including medical physics, computer vision, computer graphics, and many 

more. 

  

3. MEDICAL IMAGE PROCESSING 

 

In medical image processing areas consists of segmentation, registration, and visualization.  

 

3.1 Medical Image Segmentation 

 

By classical definition, image segmentation represents dividing a target image into its non-overlapping structural regions 

according to some criterions such as color information, grayscale intensities or texture features. For the sake of image 

segmentation definition, the domain of an image  is divided into a set of N class labels 

by a mapping , then the segmentation problem can be expressed as 

determining the sub-labels  whose union is the entire image domain , while the sub-labels 

 must satisfy 

 

 

 

 

 

 

 

 

 

 

 

                                                                Figure 3.1: Image Segmentation 

 

In the process of medical imaging, a segmentation approach should find those labels that correspond to distinct anatomical 

structures or regions of interest in the image. As a consequence, numerous segmentation algorithms have been extensively 

investigated for many years in a host of publications , but they remain open difficult tasks, due to the tremendous variability of 

object shapes and the variations in image quality. These segmentation methods can be broadly categorized into four groups: (I) 

pixel-based, (II) boundary-based, (III) region-based, and (IV) hybrid-based methods. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2 Medical Image Registration 

 

As one of the most important procedures in medical image processing, image registration aims to obtain integrated 

analysis of information gathered from multiple sources. In general, the medical image registration should establish 

correspondence measure between a reference image, , and a target image, , using a parameter 

transformation, , of image geometry in line with a similarity function, , to specify the registration 

performance. When two images have different dimensions, projection operators,  and , may be incorporated to 

project a higher-dimensional image domain into a lower-dimensional image domain. Then, the image registration problem can be 

expressed via maximizing the following similarity measure function: 
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                                                                Eq3.1 : Equation for image registration 

 

The optimization in Eq 1 is mostly numerical to determine the optimal transformation . Starting from an initial guess, 

 converges to the optimum in a series of iterative steps depending on the corresponding objective function, image transformations 

and optimization technique. 

 

3.3 Medical Image Visualization 

In general, image visualization has become an increasingly important tool for visual analysis, for instance, in scientific, 

engineering, and medical disciplines. Especially in medical imaging applications, visualization is essential for medical diagnosis 

and surgical planning to mine the important information included in 2D/3D imaging datasets. To gain a further understanding and 

insight into the data behind the generated images, visualization technique is a proper choose, which could explore and view the 

medical datasets as visual images for convenience 

 

4. Related Work on GPU Programming in Image Segmentation 

 

Diagnosing medical image should be faster and accurate. Hence if the medical image is segmented it is easy to diagnose 

the portion of the image by assigning each segment to one GPU. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                               Figure 4.1  : Assigning each segment of image to a GPU 

Then the medical image registration and medical image visualization can be done by each GPU. 

 

4.1 Algorithm for medical image processing using GPU 

 

Step1: Segment the image using segmentation algorithm. 

Step 2 : Assign each segment to individual GPU. 

Step 3 : Each GPU starts image registration and image Visualization with its assigned segment. 

Step4 : Consolidate the image registration and image visualization 

 

CONCLUSION 

 

Nowadays, the GPU is one of the standard tools in high-performance computing, and is being widely adopted in the 

medical image processing. Utilizing the power of GPU in parallel will be helpful for many researchers and developers in the 

medical image processing. The development of parallel algorithms  for GPU computing will increase is processing speed and 

accuracy in medical image processing. 
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