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Abstract— The Sobel Operator is one of the common edge detection algorithms used in the field of Computer Vision as well as Image Processing. Part of the first order derivative family, it is a Gaussian method. Implemented on the CPU, it achieves its objectives, however, it can also be implemented on the GPU, using NVidia’s CUDA. This paper presents a hypothesis, detailing that Sobel on the GPU achieves the result of processing high resolution images at a faster rate than the CPU. 
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INTRODUCTION
E
DGE DETECTION ALGORITHMS ARE AN IMPORTANT FACTOR IN THE FIELD OF IMAGE PROCESSING , WHICH HAS INCREASINGLY GROWN SINCE THE 1950’S COMPRISING ALGORITHMS SUCH AS THOSE OF PREWITT AND CANNY. ONE OF THE MOST COMMON ALGORITHMS USED IN THE FIELD IS THE SOBEL OPERATOR WHICH WAS FIRST INTRODUCED AT THE STANFORD ARTIFICIAL INTELLIGENCE LABORATORY (SAIL) IN 1968. IRVIN SOBEL AND GARY FELDMAN, BOTH COLLEAGUES AT THE LABORATORY INTRODUCED THE IDEA OF USING A GRADIENT 3X3 MASK IN BOTH VERTICAL AND HORIZONTAL DIRECTIONS, APPLYING THIS TO EACH REGION OF THE IMAGE. CALCULATING THE IMAGE VALUES, IT CREATES A NEW IMAGE, REPLACING THE VALUES OF THE ORIGINAL WITH THE NEW CALCULATED VALUES. THIS RESULTS IN THE IMAGE EDGES BEING SHOWN UPON A DARK BACKGROUND. CUDA IS A PARALLEL COMPUTING LANGUAGE CREATED BY NVIDIA SPECIFICALLY FOR THE INTEREST OF HIGH PERFORMANCE COMPUTING WHICH UTILIZES THE POWER OF THE GRAPHICS CARD, IT IS USED TO SOLVE PROBLEMS IN GENERAL COMPUTING. THE FOLLOWING PAPER EXAMINES THE IMPLEMENTATION PROCESS OF THE SOBEL OPERATOR IN CUDA. 
Background Literature
Sobel Operator
The Sobel Operator requires the image to be loaded in order for the data to be used.  Requiring the image data, the process calculates a new value for the new image and before the process begins, the image must be smoothed using the Gaussian filter. In General, filters work in the same way as using a mask that takes the original image and creates a new value, much like the edge and corner detection algorithms. The Gaussian filter is designed to remove any form of noise that is loaded into the application. The calculations perform a similar way to the calculations of gradient masks, however, the only detail to be aware of is the division of the sum of all the pixels in one region by 8. The result, is the right value for the blur and this is done as the result of the Sobel algorithm can be improved in terms of graphic quality.  
[image: ]




[bookmark: _Toc513542236]Figure 1 Gradient Masks

 The gradient masks, representing both horizontal and vertical direction are used to determine the new values for the new image. The iteration process loops through the rows and the columns of the image and calculates all pixels in the region. 



[bookmark: _Toc513542237]Figure 2 A Region in the Image


[image: Image result for sobel gradient direction][image: ]Calculating the new values for both x and y, the length of the edges can be found using the Pythagoras theory equation.[bookmark: _Toc513542238]Figure 3 Gradient Direction Formula
[bookmark: _Toc513542239]Figure 4 Pythagoras Theorem

Once the length of the Gradient is found, the direction can be found using arctan, an inverse tangent method to determine the value of theta.
[image: Image result for lena sobel]









[bookmark: _Toc513542240]Figure 5 Sobel Filter
The above figure is the result of the Sobel Algorithm. All RGB values are removed, resulting in a black image with lines being highlighted as white. 

The current state of the literature is determined mostly by comparison projects and proposing models to achieve the aims. One project focuses on the comparison between the CPU and GPU in terms of applying Sobel to image resolution sizes. Freds et al [1] stated that the model they proposed was to “allows reducing time execution by comparing to the performance program code executed on a sequential processor (CPU).” The model mentions the use of OpenCV, a library designed for Image Processing. This is used only with displaying the image and the results. The findings of that project were that when the image size increases, the CPU execution speed increases to. However, the GPU’s execution speed does not.
[image: ]
[bookmark: _Toc513542241]Figure 6 Comparison Chart of GPU and CPU
[bookmark: _GoBack]In terms of the time taken for the process, they occur during transferring data and outputting the results from both devices. The Sobel aspect only required 19% of processing while transferring image data between the devices are 37% and 44%.
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[bookmark: _Toc513542242]Figure 7 Performance Pie Chart of Process
The project was a success, achieving high performance levels for executing Sobel in CUDA. The second project that is familiar was conducted Jain et al [2] and had similar aims which was to compare the “performance differences between program code that are run on a sequential processor (CPU) and a parallel processor (GPU)”. The difference is the usage of two machines, one with CUDA and one with Tesla. The results demonstrated that CUDA is faster than Tesla. 

[image: ]The literature on Sobel has been the subject of comparison frameworks designed to unlock the high performance of the graphics via CUDA. [bookmark: _Toc513542243]Figure 8 Comparison Chart for GeForce and Tesla

The literature review has shown that using CUDA to execute Sobel does provide faster results in comparison to the CPU version. With many models being proposed on how to achieve the best performance, the cycle is endless. In the interest of the future, the trend of comparing performances for both GPU and CPU will continue for some time.  



CUDA
Developed by Nvidia in 2007, CUDA is a programming language, utilizing several aspects of C, another programming language, to allow developers to access and utilize the properties and power of the graphics card. Originally used to solve graphics problems, the uses of the graphics card can also involve solving complicated problems in other areas such as performance in algorithms that can be computationally expensive for the CPU to execute. It can also be described as “Parallel Programming”, an ability that can allow multiple processors to execute tasks. This is primarily used for two main reasons, firstly, the CPU can only handle certain tasks and is not suitable for others and secondly, memory and performance are slow and do not execute algorithms faster. The main benefits of using Parallel programming in the form of CUDA is that algorithms executed on the Graphics Card can increase in speed as well as solving more problems that the CPU will find difficult to execute. 



CUDA allows developers to perform the ability to multi-thread, utilizing all threads to perform a task. The problems that tend to be encountered while using multi-threading are known as “Race Conditions”. The term race conditions describe a problem where in that one thread is waiting for other thread to finish executing their task. The complication that this can cause is the delay in the speed of executing the algorithm and it is a barrier to achieve fast results. The solution to this would be thread synchronization, a method that prioritizes the tasks that the threads executing, removing the barrier to achieve fast results. Another solution would be to use the ability to share memory. 


[image: Image result for shared memory CUDA]
[bookmark: _Toc513542244]Figure 9 CUDA Sharing Memory Illustration

Sharing Memory in CUDA allows threads within a block to access the same memory, other threads in other blocks cannot access other blocks memory as their shared memory is created for every block. Young and Jargstorff [3] shared their view and imply that shared memory has the “Same Speed as Registers”. Harris [4]  agrees stating that “shared memory is much faster than local and global memory”. Registers in the practice of CUDA, are described as another cache in the architecture that is used for single threads in a “Single Warp”, warps being another term for the length of threads in run time fashion.



[image: D:\Year 3\High Performance Computing\Assignments\VIVA\CUDA Architecture.png]
[bookmark: _Toc513542245]Figure 10 CUDA Architecture




CUDA’s Architecture is structured by three main components, Grids, Blocks and Threads. A grid contains multiple blocks which also contains multiple threads, each of which contains 1024MB of Memory. The methods in CUDA are represented as Kernels so that when executed, it can access the architecture of the Graphics Card. The details of how CUDA will be utilized for this project, is explored in the next section, entitled proposed algorithm.

Proposed Algorithm
As with Sobel and CUDA discussed in the previous section, an algorithm proposed to prove the hypothesis is correct or incorrect is presented in this section. This involves discussing the algorithm that will be implemented as well as the equations that will be used for this paper.
Equations
There are a number of equations to implement in this paper. The first, the Gaussian blur equation (1). The equation can be found below:
(1)

(2)

	(3)

	


The second (2) and third (3) equations are part of the Sobel Algorithm. The third equation is used to determine the direction of the gradient.
Experiments
The Experiments that were conducted for this paper was designed to measure the speed of executing the Sobel Algorithm on both the CPU and the GPU. The performance will be timed using a function available in Visual Studio known as “Performance Profiler”, a method that allows developers to record the time taken to execute the algorithm without using a function from the time library. A report is then generated that records the time take and a graph of performance. 
This is beneficial as it is more reliable to present more accurate results which is crucial in the interest of the hypothesis. The speed will be measured in Milliseconds and will be displayed on the line graph which presents how fast the algorithm can be executed depending on the resolutions that will be tested. The results can be viewed in the next section.
Results
The results recorded during the experiments are for both the CPU and GPU versions of the algorithm. The table created contains two columns. The first, represents the resolution of the images that are used for each test. This is represented as the parameter “n”. The second represents the time taken to execute the algorithm, this is represented as the parameter “t”.


Conclusion
This paper presents the background literature for both Sobel Operator and CUDA. The application was not completed due to the issues occurred using Free Glut which is an alternative SDK to the original GLUT. As GLUT was not functioning for the CPU version, Free Glut had to be used, however, there were missing files for the compiler to work. For this, the project would not work. The second issue is the compiling for the CUDA aspect. The problem is that it would not compile in relation to targets.

In future, more work will be conducted into image processing and how it can be utilized in an Augmented Reality system as it is an iteration of a much bigger scoped project. Edge Detection algorithms have been used in Augmented Reality applications and curiosity grew as to how it is implemented and how it utilizes the camera of a webcam or a smartphone in order to process a simple marker. From that aspect, it will be an interesting aspect to explore as the image processing field itself, is a fascinating topic in Computer Vision.  
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