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Abstract: With the development of computer hardware, the computational complexity 
of digital image processing is growing more and bigger. However we can’t turn up clock 
speed and we were the limit as far as power consumption on a chip. So the serial 
algorithm’s speed is at a standstill. It’s very meaningful to use the parallel algorithm to 
speed up to data processing. This paper is mainly about analysis the serial algorithm of 
image grayness. Secondly remove parallelizable part and use the operation platform 
CUDA for parallel computing it then analysis on the performance of parallel algorithm 
by comparing with serial algorithm. 
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1. Introduction 
 
There are some methods to build a faster processor. First method is to ask processor to 
run with the faster clock to spend a short amount of time on each step of a computation. 
However, turning up clock speed will increase power consumption and we were the 
limit as far as power consumption on a chip. Second method is to ask the processor do 
more works on each step, on each clock cycle. But the most advanced CPUs are at a 
limit, as far as how much instruction-level parallelism they can extract per clock cycle. 
Third method is parallel computing which use many weaker and less powerful 
processor work together.[1] Computer graphics processing unit GPU primarily for 
professional graphics applications, with parallel processing architecture and powerful 
on-chip floating point capability[2], making the GPU is well suited for parallel computing. 
Graphics processor (GPU) on the latest developments have been able to provide high 
performance at low cost for general purpose computing.[3] 

Compute Unified Device Architecture (CUDA) is proposed based on the GPU common 
computing development environment by NVIDIA .According to multi-GPU processing 
unit’s features CUDA use parallel computing to speed massive operations. [4] CUDA 
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makes the emergence of parallel computing using GPU accelerated procedure easier. 
Gray processing is a common method in image processing. The color model that 
computer used is according to the optical principle of three primary color and combine 
with them to form colors, sometimes in order to identify effectively other features , 
usually, it needs to eliminate the color by grey processing. The amount of the 
high-resolution digital image-data are very huge, the image processing algorithm in the 
CPU takes great time! The research on image processing using GPU parallel algorithm 
implemented and take the advantage of parallel calculation, can reduce the image 
processing time and implement high resolution digital image gray processing rapidly. [5] 
 

2. The Gpu Programming Principle on Cuda 
 
This paper will describe the basic conceptions of CUDA and GPU, then analyzing the 
condition of making the program algorithm run in parallel processes, thus focus on how 
to optimize and accelerating algorithm. 
 

2.1 GPU Architectural features and CUDA advantages 
 

GPU’s architecture is quite different from CPU, from the composition of GPU internal 
transistor. CUDA has a faster data processing capability than CPU. In the CPU, a large 
number of transistors are used as data flow control and data buffering, only a small 
amount of computation for the data calculate; In the GPU, a large number of data 
elements are to perform the same procedure, there is no need of complex data flow 
control, and because operation with high computational complexity, and therefore 
memory reading latency can be masked, not require a large data cache, a large number 
of transistors that can be used for data calculation, it greatly improves the CUDA 
computing speed. [6] In a word, CUDA is suitable for doing some large computation and 
few branches’ operations. 
 

2.2 Architecture of CUDA 
 

When programming on CUDA, program always be divided into two parts, host and 
device. The host is running on the CPU, the device is on the GPU and we always call the 
device program kernel .The host program usually get copy the data to the GPU memory, 
and run the device program. When it ends, the host program will fetch back the result 
on the GPU’s memory.   The smallest execution unit on device is called thread .A 
number of threads make a block, threads in the same block have shared memory and 
they are natural synchronous. The number of thread in one block have its limit, but 
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multiple block can make a grid. In this way we can make more threads performing in a 
same program. Different grid can perform different kernel program. [8] 
 

3. Grey Transform 
 

3.1 Using CPU to make grey transform 
 

This paper’s algorithm is about the grey transform of 256-color bmp format. For 
256-cocor bmp format, the value of every pixel is the index of palette in the 256-color 
bmp. Therefore, there are two steps to grey transform. 
 

 
Fig 1 CPU algorithm 
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First, calculate the value of original image palette into the grey palette. Secondly, 
replace the original 256-color bmp’s color index of each pixel number. 

Serial algorithm process is as follows: 
(1) For every table entries of the original 256-color palette through the calculation of 

corresponding grey value. 
(2) Replace the original 256-color bmp index of the color of each pixel number. 

Algorithm flow is shown as Figure 1. 
It is clear that in step 2, with the increasing of the image’s size and the amount of 

data, transformed by the pixel position gradually. So the data coupling is low, besides 
the operations do not have if-else which is a kind of branch structures that belong to 
light flow control type. Therefore, this part is suitable for parallel computing. Next part 
in this paper will implement it based on the GPU. 
 

3.2 Using GPU to Calculate 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2 CPU call the GPU                      Fig.3 GPU internal algorithm flow 
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When doing GPU parallel computing firstly, we need to divide task into many subtasks, 
each sub-task is completed by a thread, according to their number of block, the 
number of thread each of them can operate responding data. 

The main flow of CPU calls the GPU is shown as Figure 2. GPU internal algorithm flow 
is shown as Figure 3. 

It should be concerned that because of GPU hides memory to read the delayed by 
parallel processing, which is to say that if No.1 thread is waiting, there will be a No.2 
thread right away, therefore, in order to make threads read by memory position, each 
thread should deal with the i-th pixel, the i+ sum of thread-th pixel, the i +the sum of 
thread*2-th pixel and so on. 
 

4. Analysis and evaluation of experiment results 
 
In experiments, we take a test by dozens of photos. Taking records of the time by CPU 
and GPU to grey transform, this is shown as the follow Table 1. 
 

Table.1 experimental data of grey transform 
 

 
It is shown that CPU is better than GPU when image is small from Table.1. There is 

a big performance loss because it wastes too much time when copy the data of image 
to GPU. The calculation of GPU is better than CPU after the image size become 
1280*720.When the image size become bigger, the calculation of GPU improves to 
three times of CPU. 
 

5. Conclusion 
 
With the coming of the big data, the application of high definition 4K is becoming more 
and more extensive. GPU with its cheap, rapid calculating speed and throughput, it 
becomes an accelerated tool for image processing. Along with the development of 
image processing, virtual reality, 3D rendering technology, CUDA will have a vast 
development prospects. This paper mainly uses CUDA library to make the 256-color 
bmp transform grey level and make some positive effect to extend CUDA. 

Image 
size 

120*85 397*398 1280*720 1600*1200 2730*4095 3286*5000 3744*5616 6990*5574

CPU 
costs(ms) 

0 1 4 11 54 72 89 160 

GPU 
costs(ms) 

2 2 3 5 15 22 27 49 
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