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Abstract—An image depth processing method based on
CPU+GPU hybrid heterogeneous programming and Multi-GPU
parallel computing is proposed in this paper. With the gradual
increase of the image data, image processing algorithms have
higher and higher requirements for GPU and CPU. Firstly, this
paper introduces the heterogeneous programming system of the
combination of CPU and GPU clusters and the technical points of
CUDA. Secondly, the technical points based on Multi-GPU
parallel computing image depth processing algorithm is
introduced. Finally, the effectiveness of this algorithm is verified
through experimental simulation.
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I. INTRODUCTION
Image processing is the process of converting an image

signal into a digital signal and processing it with a computer.
The subject of digital image processing is originated in the
1950s. Thanks to the invention of computers, mankind has new
tools on the road of exploring science. People began to learn
to use computers, an efficient computing tool, to process
graphics and image information. When the research on digital
image processing was just emerging, the main purpose of this
technology was to improve image quality and human visual
effects. People often use the following digital image
processing methods: image acquisition, digitization, encoding,
enhancement, restoration, transformation, compression,
storage, transmission, analysis, recognition, segmentation,
etc[1-3].

Traditional digital image processing algorithms are mostly
serial programming based on CPU. However, as the amplitude
of the image to be processed increases and the number of
pixels becomes denser, the requirements for the time
complexity required by the digital image processing algorithm
become higher and higher. This poses a great challenge to the
real-time research of digital image processing.

In the process of computer development, people's
requirements for image processing are not so complicated. The
operation of images and related calculation methods are
relatively simple. Therefore, there is no need to use
corresponding hardware processing equipment to edit images.
The powerful computing power of GPU can process graphics.
However, with the continuous advancement of society and the
continuous development of computer technology, people need
faster computing speeds to perform higher-quality image
processing, which has prompted the emergence and
continuous development of GPU computing technology. From
the current point of view, CPU generally refers to the central
processing unit, which is a very large-scale integrated circuit.

Its main function is to interpret computer instructions and
process corresponding computer software data. Mainly rely on
GPU to carry out, through the instruction to generate the
corresponding operation control signal, in order to carry out
the corresponding image processing. The GPU mainly refers
to the graphics processor, which can also be called the visual
processor. Its main function is to convert and drive the actual
information required by the computer system, and to provide
the corresponding scanning signal to the display to perform
the display of the display. Correct control, in addition, the
graphics processor is also the processor of the graphics card,
and it is a more important part of the graphics card[4].

Parallel computing is the future development direction of
the computer field. With the development of GPU (graphics
processing unit) programmability, more and more researches
have focused on GPU-based general-purpose computing
technology. Combining the characteristics of digital image
processing algorithms with the characteristics of GPU general-
purpose computing, the acceleration of digital image
processing using GPU is helpful for real-time computer image
processing research. In recent years, with the continuous
upgrade of GPU architecture and the continuous improvement
of GPU programming technology, CPU+GPU hybrid
heterogeneous programming has become a new research hot
spot in the field of high-performance computing. The
CPU+GPU heterogeneous collaborative computing
architecture on a high-performance cluster is shown in Figure
1. On this architecture, the cluster can be divided into three
parallel levels: inter-node parallelism, heterogeneous
parallelism of CPU and GPU within nodes, and intra-device
(CPU Or GPU) Parallel[5-7].

Fig. 1. CPU+GPU heterogeneous collaborative computing architecture

The birth of the above-mentioned new technologies has
promoted the current Multi-GPU to become more efficient and
flexible in terms of parallelism and programmability, and
greatly improved the computing power and parallel processing
capabilities of Multi-GPU. With the dramatic increase in
Multi-GPU of computing performance, Multi-GPU-based
general-purpose computing has gradually evolved into a new



research field. This field is mainly aimed at how to use the
powerful computing and parallel processing capabilities of
GPUs in other scientific fields other than graphics processing,
so that more general and extensive scientific calculations can
be carried out[6-8].

II. THE PROPOSED METHODOLOGY
A. Multi-GPU
There are two physical structures of the Multi-GPUs

system, namely a single-node system and a multi-node system.
Multi-node systems are GPU clusters, which connect single-
node systems together through the network. Before 2012, the
world's largest GPU system was Tianhe 1A, which contained
14,000 CPUs and more than 7,000 Tesla Fermi architecture
GPUs, with 112 cabinets, and each cabinet contained 64
computing nodes. This article studies and uses a single
computing node[9].
On a high-performance CPU+GPU cluster, each node is

distributed and connected together through a high-speed
network. In the actual programming process, MPI can be used
to achieve communication between nodes. On each node,
there is a multi-core CPU and several GPUs. Master-slave
The programming model is that the multi-core CPU is used

as the host and the GPU is used as the slave. The execution of
the kernel functions in the GPU needs to be called and
managed by the CPU. On a high-performance CPU+GPU
cluster, the CPU usually also has strong computing power, so
the CPU may also perform part of the computing work. At this
time, in the cluster, in addition to one CPU process/thread
performing complex logic and transaction processing, other
CPU processes/threads can also perform part of the parallel
computing tasks, and the GPU is responsible for the main
parallel computing tasks. In this case, all CPU cores can be
unified as one device, and MPI processes or OpenMP threads
can be used to control the communication and data division
between devices in the node. For the CPU on a node, a CPU
may contain multiple cores, and all the cores on the CPU are
unified as a device, and a shared storage model is adopted
between these computing cores. The parallelism between CPU
cores can be accomplished by using MPI processes, OpenMP
threads or p Thread threads. For the GPU on the node, CUDA
or OpenCL programming can realize the parallel computing of
the GPU many cores. It is worth noting that CUDA only
supports GPU devices designed and produced by NVIDIA,
while OpenCL supports both NVIDIA GPU and AMD
GPU[10-12].
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The following shows the CPU+GPU heterogeneous
collaborative computing architecture

Fig. 2. CPU+GPU heterogeneous collaborative computing architecture

NVIDIA has developed the Scalable Link Interface (SLI)
technology. SLI is an innovation on the platform that allows
users to allow multiple GPUs to work in parallel in a single
system, thereby intelligently expanding graphics performance.
For example, in a system with two GPUs, when SLI is running,
the tasks of rendering the screen will be divided equally, and
each GPU only needs to complete half of the rendering tasks.
This is how the user can nearly double the increase by
installing two GPUs on the motherboard. Graphics
performance. The implementation of SLI technology lays a
technical foundation for parallel work of multiple GPUs under
a single-node system. A single-node system is nothing more
than installing two or more GPUs in a personal computer or
workstation for parallel computing. Generally, personal
computers expand the number of GPUs through multi-slot
motherboard motherboards or multi-GPU boards. In theory,
personal computers have the most.

B. Parallel Computing Based on Multi-GPU
There are two main types of parallel processing using

Multi-GPUs: one is task-based parallel processing, and the
other is data-based parallel processing.

Task-based parallel processing means that multiple GPUs
process different tasks at the same time. For example, on a
multi-GPU system, it generates N tasks, where N is equal to
the number of GPUs in the system. Each GPU obtains a
separate data packet from the memory to complete its task. If
N tasks are not related to each other in parallel, there is no
need to transfer data between GPUs. In this way, N GPUs can
efficiently complete a huge computing task together. If N
tasks depend on each other, then task-based parallelism will
have great limitations. Data-based parallel processing is to
divide a whole data into several blocks and hand them over to
different GPUs for processing. For example, in a multi-GPU
system, there is a piece of data that occupies M address spaces
to be processed. Assuming that there are N GPUs in the
system, you only need to divide the data into M/N evenly, so
that the N GPUs are separated and processed in parallel. In
data-based distribution, there are two distribution methods:
one is the derivation/collection method, and the other is the
striping/blocking method[13].

(3)
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Multi-GPU parallel computing can also be realized in the
way of stream processing. Stream is a way to manage CUDA
concurrency. By default, CUDA creates an execution stream
inside a GPU. If you do not specify a number, the default is 0.



All data transmission and Kernel calls are queued in this
stream and executed in sequence in the queue. By explicitly
creating and using multiple execution streams, more work can
be done per unit time and the application can be executed
faster[14-16].

The easiest way to use multiple GPUs in a single CUDA
program is to implicitly create a stream for each context of
each device, and use cudaSetDevice() to change the current
device to use multiple GPUs. CUDA causes the context state
to change through cudaMalloc() when creating the context,
thereby introducing the creation of the context environment.
GPU device drivers can make a single CUDA application use
multiple devices by providing multiple contexts for the
application in the device driver. Queuing tasks on each device,
thereby improving application performance by increasing the
number of GPUs in the system. through simulation without
distortion of the main dynamic characteristics of the system.

C. Image Depth Processing
There are generally two methods for processing digital

images, one is based on the spatial domain, and the other is
based on the time domain: In the spatial-based processing
method, first consider the entire digital image as all pixels on
the plane. And then directly process these pixels. Therefore, in
the spatial processing method of digital images, the processing
algorithm mainly considers three aspects: pixel-level
processing, feature-level processing, and target-level
processing. This feature makes the airspace processing method
has a great advantage in GPU acceleration[17-19].

The frequency-domain processing method is different from
the spatial-domain processing method. In the frequency-
domain processing method, the Fourier transform of the digital
image is first required to obtain the spectrum of the image to
be processed. After the spectrum is obtained, the subsequent
processing is performed, and the processed result is re-
processed. Perform inverse transformation to obtain the final
processing result. Frequency-domain processing algorithms
generally have high-density calculations, which are based on
the processing advantages of GPUs. And the CUDA platform
contains two powerful calculation libraries: CUDA FFT and
CUDA BLAS libraries. These two computing libraries provide
great help for GPU-accelerated digital image processing based
on frequency domain processing[20-22].

III. EXPERIMENT
Using CUDA technology, the concurrency of different

applications is shown below.

Fig. 3. concurrency of different applications

The images of first set of experimental test comparison
results of the test star map are shown below.

Fig. 4. First test star map

Fig. 5. The first set of star maps after registration

The images of second set of experimental test comparison
results of the test star map and Power spectrum of input image
are shown below.

Fig. 6. The Second set of star maps after registration

Fig. 7. Power spectrum of input image

IV. CONCLUSION
This article first introduced a digital image processing

algorithm based on GPU and CPU, and learned a parallel



computing method based on Multi-GPU and CPU+GPU
hybrid heterogeneous programming. Then the Multi-GPU
architecture and cluster mode are introduced in detail, and the
parallel computing of heterogeneous systems is implemented
on Multi-GPU. On this basis, the image depth processing
method based on CPU+GPU parallel computing is introduced.
And the feasibility of this method is verified in the
experimental simulation.
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