Introduction
The purpose of this project is to develop a parallel implementation of a Gaussian Blur that will be implemented by using CUDA by NVIDIA for programming on a GPU. To begin this document, an overview of the Gaussian blur that will include literature which could be relevant to this field will be undertaken. The algorithm itself will be discussed and evaluated with the method next before discussing the Parallelization and overview of the Implementation and hardware architecture and how it will affect the implementation. After discussing and analysing the results, an evaluation will be conducted on the successes and failures of this project before ending with conclusions and possible avenues to take in the future. 
Overview
Images are a key part of every day life with filters being applied to a lot. One of the most popular and common filters getting applied is the Gaussian Blur filter. The Gaussian Blur has many uses in real world applications with the most common being to reduce image noise to soften or to reduce the detail of an image. In simple terms, the gaussian blur provides a visual effect of reduced detail and blurry or even just an out of focus camera rather than having crisp edges from a full quality image or sight. 
In the real world, Gaussian Blur is used with edge detection technology because noise can have on the results of the algorithms. The gaussian blur applied to the image before attempted edge detection reduces the amount of noise in the image, improving the results by making the image smoother for the edge’s to be slightly more defined because of less random unimportant details captured in the original image being picked up and mistaken as part of the edge. An example of an edge detection algorithm that combined with the gaussian blur, produces better results is an approach called LoG Filtering[1]. 
Amdahl’s law[2] entails that the maximum amount of possible speedup by using a parallel implementation over a serial implementation can be calculated by using the following formula: 
[image: http://www.moorinsightsstrategy.com/wp-content/uploads/2013/06/EQ-amdahl.png]
· S = Theoretical Speedup of the Complete Task
· N = Speedup of the Parallel Implementation Tasks
· P = Proportion of execution Time from the Parallel Implementation originally taken

From this formula, it can be calculated that a partly-parallel implementation of an application cannot take less time than the part of the implementation that cannot be parallelized, being stuck to run in a serial implementation. Also, the serial implementation parts of an application ensure there is a limit on the maximum possible speedup that could be witnessed, due to the inability to share the workload. 
Algorithm – Gaussian Function
The Gaussian blur is based on the blurring of an image by using the Gaussian Function, created by Carl Friedrich Gauss. This function calculates the transformations of each pixel in the image to decide how much transform is needed on every individual pixel in the image to not over or under blur the pixels and ruin the image. During the algorithm, the surrounding pixels are considered to ensure the image retains familiarity, and all given an individual weighting on how the blur is going to apply. But despite the whole image with all its pixels being involved in the algorithm, the weighting given to the pixels over a certain distance away is miniscule and considered zero and therefore has no effect on the pixel. Here is the algorithm itself with a key to follow: 
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[3]

The Gaussian Function (2 Dimensional)
· G = Gaussian Weight (The Result)
· [bookmark: _GoBack]x = Horizontal Axis Distance
· y = Vertical Axis Distance
· e = Euler Number
· σ = Standard Deviation (the radius desired)

This algorithm was derived from a one-dimensional version at the beginning which is: 
[image: ]But as the pixel we are calculating the weighting value for is the origin, the μ value becomes 0. 
[3]
Taking this into account, the algorithm becomes: 
[image: ][3]
The final one-dimensional version, from which we can adapt to form the two-dimensional format we will be using, as seen above. Following the use of this function on a pixel, a weight matrix can be generated which when multiplied with the colour values of Red, Green and Blue (and Alpha), will produce the result for applying the Blur. As the origin pixel each time will have the heaviest weighting rather than the neighbouring pixels which will have a decreasing weighting value as the distance from the origin pixel increases, the blur is able to preserve boundaries better than other uniform blurring algorithms. 
As discussed earlier, in theory the whole image is used and therefore the gaussian function value at every pixel will be more than zero. But at a certain distance, the value of the gaussian function will have such a small influence on the origin pixel that these pixels can be considered as zero to simplify the algorithm. 
To implement this algorithm, a few steps will be a part of the procedure, looping for each pixel, which are: 
1. To separate the 3 colour values of an RGBA image into individual values.
2. Apply the function to each channel separately. 
3. Recombine the 3 channels back to reform the new Gaussian Blur applied Image.
Parallelization of Algorithm & Implementation
Parallelization
Parallelization is the act of using multiple processors to run an application and its functions rather than the normal use of just using a single processor to deal with the whole workload. Parallelization allows different devices to be used to solve problems such as the GPU. This has advantages over standard implementations such as sharing the workload over a few processors allowing other tasks to be carried out if required and an improvement in the speed of processing because the workload is shared, reducing the amount of calculations required to be completed on each. The disadvantages of parallel processing range from difficulty in the implementation and changes to accommodate different architecture to having a higher power consumption due to the extra work being conducted by each other processor which in turn, generates more heat requiring better cooling at times. For this algorithm, the parallelization would be effective in allowing faster calculation times due to the decreased workload on a single processor being split between them. 
This algorithm is perfectly suited to be ran in parallel due to the nature of it’s use of being ran on an image. Each processor can be assigned to be presiding over a different part of the image, sharing the workload. Another potential method of running the algorithm in parallel could be by applying small gaussian blur’s repetitively over the whole image. This could work since if multiple small gaussian blurs are applied to an image, they can result in the same overall effect as a single large gaussian blur. For example, 2 gaussian blurs of 6 & 8 radius’ respectively equal to a single gaussian blur of radius 10. This method of parallelization demonstrates that processing time is not reduced by applying multiple small gaussian blurs and therefore impractical to use for this project. 
Overview of the Hardware Architecture
Differing to serial implementation, parallel implementations of applications require the application to have been developed to accommodate the hardware architecture it will be running on. This means that if this implementation were to be run on different architectures, the code must be adapted for each to work. As a result, CUDA will be used for this application as it can be used on the majority of NVIDIA GPU which are quite popular and therefore is the best option. 
Implementation Issues
CUDA
Programming in CUDA and in parallel is an advanced method of programming and as such can be complicated when it come to adapting knowledge of serial implementation to implementing in parallel. Because of this, programming in CUDA is a complicated procedure and will require study into the documentation and tutorials to build a successful implementation. 
Image File Loader
Two issues arise with the use of external image files in an application; the development of a file loader and the different formats of images which could be used to provide the information. The first issue of the development of a file loader is down to requiring a serial implementation which will hinder the speed of the application to complete its function and the complicated nature of image files. This leads onto the second issue of compatibility with different formats of images or which format would be best suited for this application. As each format is different, with some being based on others but still require implementing to be used in an application, a file loader will have to be accustomed to the format of the images it will be converting. To solve the first issue, a pre-existing library could be used to save time and ensure less errors, allowing more time to be spent on building the parallel implementation to run the gaussian blur or alternatively with extra time develop an image loader. And, the format used will be JPEG due to it’s open source nature and its popularity with many images stored in this format.  
Parallel Implementations
As discussed above in the overview of the hardware architecture, implementing in parallel can be complicated when it come to running on different architectures. Due to the different designs of different architectures, adaptation is required to be able to run an application on a different hardware. To solve this issue, CUDA was chosen to ensure that the application could be used on the popular NVIDIA GPUs. 
Applying Algorithm to Border Pixels
The final issue applies to the running of the algorithm on the pixels on the 4 sides of the image. As there is no further pixels to provide values, the algorithm could get stuck and be unable to provide an accurate result for that individual pixel. This could lead to an inaccuracy in the calculation and application of the blur. To solve this issue, the algorithm could either ignore the missing values and use a smaller average for the calculation or duplicate the edge pixels to use those values. 
Results and Evaluation
Unfortunately, a successful implementation of the project was unable to be produced therefore no results could be generated and no evaluation could be carried out on comparing the Parallel Implementation with a serial implementation. 
Conclusion and Future Work
As there were no results no conclusions could be drawn from the results or evaluation. 
On the other hand, there are many future improvements that could be taken. The major future work would be to develop a working implementation of the gaussian blur with an image loader. This would require further study of CUDA, C++ and into image format specifications for developing an image file loader. Another way to improve this project in the future is to develop a serial implementation of the gaussian blur application to compare both the parallel and serial implementations, comparing the time taken of both to provide a complete evaluation. After the development of the application, the next step would be to try and optimise the algorithm and the application to further improve the speed and efficiency. 
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