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Introduction

In this investigation we will be getting an understanding what aliasing is and the
visual problems it causes in computer games, we will also be looking at the
attempts to battle the problems that aliasing cause and then looking at the new
problems that are caused by the remedies applied. Also, we will be creating a
program using CUDA and analysing the speed differences on both CPU and
GPU.

Aliasing

Earlier references to aliasing in computer graphics refer to a problem generated
by the inability of a display to sample enough data for the creation of line
structures, with line structures being derived from tracings or from images.
Freeman explains that the initial forms of line structures are likely to contain
noise, either from the original path or image, or it may have been introduced
during the extraction process [1]. Today the problem is still here, however, the
attention is now more towards how effectively we can resolve the issue in real-
time [2].

To get a good understanding on aliasing it's probably best to explain how
images are rendered to a computer screen. A screen is made up from pixels
that are of a square shape, when an image is passed in to be rendered it's then
mapped onto the screen and then decisions are made as to which pixel is to be
illuminated. Figure 1 shows the process.
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Figure 1. Mapping of image to screen [3]
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In the first image it shows the line that is trying to be represented on a screen,
most of the image does not 100% fully fit into a square and crosses two
squares, so a decision needs to be made as to which squares will represent the
current section. Unless the line is perfectly straight then these stair stepping
patterns will appear called “jaggies” [1] [4] [5] [6] [7] [3] and turn into “crawlies”
[2] [7] when animated. These become an issue as your eyes are more drawn to
the boundaries of objects. Other issues that you can get, which is shown in
figure 2, is the “popping” [4] [5] of pixels from the image where pixels may be
drawn in one frame, however, calculated not to be a pixel in the next frame,
thus objects could seem invisible in one frame and not the next giving you
flickering [8]. It's impossible to eliminate jaggies completely, however, there are
three approaches you can do to lessen the effect, one attempt would be to
colour in just the bottom square, you could also just colour in the next line
above or colour both the squares. [1] [9] [10] [11] [12] [13]. One historical
approach that Nvidia talk about is the modification of the screen resolution and
if we were to reduce the size of the pixel then this will also decrease the size of
the artefact. They also mention that this may not always be feasible as the user
may already be using the maximum resolution that their monitor supports [14]
[15]. As there seems to be limitations to the screen resolution we will investigate
other options available to us that attempt to make the lines appear visually
smoother by modifying the pixel and surrounding pixel colour values giving a
more blurred picture, however visually more appealing. A drawback to these is
that they are computationally expensive as you need to calculate the lighting
values before you then consider anti-aliasing.
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Figure 2: Popping in action, (a) - frame one, (b) - frame two where pixels are not represented correctly and
pop off the screen. [9]
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Supersampling

Supersampling is a technique used to smooth out the jagged edges, it works by
taking an image at much higher resolution than your screen and then downsizes
the image to fit to your screen by taking different weighting values from multiple
sample points and condensing them into a single pixel [10] [11]. Sampling must
be more than twice the maximum frequency of the signal to be sampled for it to
work effectively. This is called the Nyquist rate or Nyquist limit after Harry
Nyquist [2] [16]. Supersampling has been used in games like Assassin’s Creed,
AC2 and Brotherhood for the PS4 gaming Console [17]. Supersampling uses
kernels to achieve this, kernels define the number and location of samples
taken. There are several kernels that can be applied to calculate the values of
the pixel that you want with varying levels of results from each of them.

Grid

A grid setup takes a pixel and then splits it up uniformly into sub sections along
the x and along the y axis, it then takes sample points from the centre of each
sub section to create the final value for that pixel as shown in figure 3. As the
image does not pass through the centre point of the pixel then normally that
would not be rendered, however, as it is now split into sub divisions we can now
use a weighting from each segment and colour the pixel according to the
weighting [2], this would give us a light grey pixel as there is more white than
black.

Figure 3. A pixel sub divided in the X and Y co-ordinates
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There are many other variants that have been developed, some examples of
these will be added to the Further Reading section.

Another one that we will look over however, will be the Quincunx method, which
was famously applied by Nvidia to its GeForce3 GPU and claimed to be the first
product that could deliver HRAA at a consumer price point [14]

Quincunx

Quincunx works slightly differently where it shifts every other row across half a
pixel and then takes weighting from different pixels [18] [19], an adaption to this
to remove the need to shift pixels was to take the corner values of the pixel
instead, the weighting normally used are 50% for the initial pixel and then 1/8™
of each corresponding corner pixels [2] [19]. The process is explained in figure
3 and the outcome is explained in figure 4, where the result is comparable to
doing 4x Supersampling. The application that we will be developing uses a
method like Quincunx and we will go over that next.

Draw Scene in
back buffer

Draw 0.625 of original
value on back buffer

Set blending at
0.125

Blend 0,125 of original value on back
bufTer at offset{1.0)

Blend 0.125 of original value on back
bufTer at offset(0,1)

Blend 0.125 of original value on back

bulfer ax offset(1.1)

Swap buffer

Figure 4. The Quincunx process.
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Quincunx

Quincunx AA

Figure 5: The result of applying Quincunx compared to 4x Supersampling [14]

CUDA application

An application will be created that blurs an image and uses the method like
Quincunx developed by Richard Cant [19], this takes 5 sample points with a

different weighting. The pixel we are calculating gets a weighting of 1/2 whilst
the four corner pixels associated with the pixel, we calculated gets a weighting
of 1/8. The sum of these values is then applied to the pixel of interest. An

example of this will be shown below.
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Figure 6: An example filter

If our pixel of interest is the centre pixel and we were to calculate the new pixel
value then this would be (2+3+6+1)/8 + 0.5 giving a new value of the centre
pixel of 2, this would proceed through all the pixels in this format until all the
pixels have been covered.

The application will be first analysed on the CPU and then a CUDA kernel will
be created to run threads in parallel and then the results will be compared. A
multi-pass system was created so we could blur an image further and further
until we got a desired effect. We will discuss a little about the test that will be
carried out next.

Tests

The tests that will be carried out will be constant on both the CPU and GPU to
make things fair, the device that we will be using for testing is an Intel(R)
Core(TM) i5-4210M CPU with a clock speed of 2.60GHz and a NVIDIA
GeForce 940M graphics card with 2GB of DDR3 memory. 5 tests of different
passes will be used, with each of these tests being run 10 times to hopefully
eliminate any anomalies. The number of passes for each of the 5 tests will be 1
pass, 10 passes, 20 passes, 30 passes 40 passes and 50 passes. An image of
1024 * 1024 was used for the blurring process. The GPU will be using a block
dimension of 1024,1,1 creating 1024 threads per block and a grid dimension of
1024,3,1 for each RGB value.
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CPU Tests

Multiple tests on the CPU were completed that analysed the speed of
completion and different blurring levels using multi-pass, the use of multi-pass
was also required to highlight any issues with the way the CPU works and how
it time slices between applications it needs to process. In figure 7 you can
clearly see that this is happening, to give the CPU 10x as much work we would
expect the CPU to take approximately twice as long to complete and have a
near linear growth, however, in this case it was slightly faster to complete the 10

passes with the remaining passes getting close to a linear growth.

CPU Multi-Pass Average

Milliseconds
&
2
2

Passes

Figure 7: Average time taken to complete number of passes on the CPU

The reason for this is there are a few results where the CPU may complete
things far quicker or slower than the previous pass as the CPU is either dealing
with other applications that are taking longer or perhaps prioritising other
applications over others. A clearer example is shown when we split up each test
into their individual tests rather than looking at an average. Looking at the
highest and lowest alone there is a gap of 2383.9ms making it over 6x slower to
complete that pass. This does give us issues with consistency, if we wanted to
know within a rough time window when something will be completed then that
window will be much larger due to the spreading of the results.
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CPU Blurring with Multi-Pass
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Figure 8: Individual attempts for each pass test

GPU tests

To test on the GPU data needs to be passed from the CPU to the GPU, code is
written for the GPU called a kernel which does all the processing via using a
setup of grids, blocks and threads. A grid can have many blocks, which can run
many threads, each of these threads whilst not able to complete complex tasks
can perform simple tasks fast. The key thing with this is that instead of running
one loop on the CPU it can run the same loop on multiple threads
simultaneously giving a massive speedup in computing data. One thread's
responsibility will be to find out it's position within an image, find its corner pixels
and sum the values of these in accordance to the weighting we discussed
earlier and store that value into place for the final image. Once all the threads
have completed the output is then passed back to the CPU to then work on.
Whilst incredibly fast inside the kernel there is quite a considerable amount of
time spent setting up and transferring data from the CPU to the GPU. The figure
below shows the comparison between the CPU and GPU showing both the time
it takes working in the kernel and the complete time taken after setting up the
GPU and passing data back. An analysis from the graph is that unlike the CPU
the GPU is reasonably constant with an almost linear output in both the setup
and kernel. This would allow you to be more accurate in calculating how long
the application will take to complete. The kernel alone is operating much faster
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than CPU however is held back by the setup times, on further inspection the
CPU appears faster on a low amount of passes due to the setup time but then
becomes much slower the longer the application runs due to the CPU allocating
resources elsewhere. Next, we will look at ways that this could possibly be

improved.

Blurring, CPU vs GPU
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cPU Kernel Kemnel + Setup

Figure 9: CPU vs GPU timings

Improvements

There are a few ways that you could go about trying to improve this, one way
would be to try and get the CPU to prioritise the application, however time
slicing will still exist, another possible improvement is to modify the grid, block
and thread dimensions, on Nvidia's website [20] it does suggest modifying the
block size to try and achieve a high occupancy and after entering the details in
their spreadsheet also available on their website it shows that we are already at
a high occupancy as seen in figures 10 and 11. To prove this further a test was
done that modified the arrangement of the blocks to 64,16,1. This caused a
major performance decrease as seen in figure 12.
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Impact of Varying Block Size
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Figure 10: Graphs showing high occupancy
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Figure 11: Graphs showing high occupancy

Blurring, CPU vs GPU
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Figure 12: Two kernels with different grid sizes - Kernel 1 (1024,1,1) Kemel 2 (64,16,1)

Conclusion

Aliasing is an issue caused when rendering an image to screen, this can be

improved with many techniques like super sampling and Quincunx, however
these take time to compute on the CPU, by using CUDA and the graphics card
we have a way to pass the information to be calculated by many threads at the

same time increasing performance. Considerations need to be made regarding
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the block, grid and thread size as incorrectly calculating these can cause the
application to run much slower than intended. Also, as there are setup costs
when passing data to CUDA then you need to be mindful that if you don’t have

enough data then it may be more efficient to run on the CPU.
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Appendix

Images of Blurring Done by Running the Application
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Figure 14: Multi pass 10x




Figure 15: Multi pass 50x
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Further Reading

Some other grid-based sampling methods
Real Time Rendering p.140, reference #2

Jittered Grid Super Sampling
Ordered Grid Super Sampling
Rotated Grid Super Sampling
http://www.x86-secret.com/articles/divers/v5-6000/datasheets/FSAA.pdf

Morphological Antialiasing which works out where the silhouettes or outlines of
an object are and performs antialiasing on them alone rather than the whole

scene.
http://www.iryoku.com/aacourse/downloads/Filtering-Approaches-for-Real-

Time-Anti-Aliasing.pdf

http://www.cs.cmu.edu/afs/cs/academic/class/15869-

f11/www/readings/reshetov09 milaa.pdf

Adaptive Temporal Antialiasing using Ray Tracing
https://research.nvidia.com/sites/default/files/pubs/2018-08 Adaptive-Temporal-

Antialiasing/adaptive-temporal-antialiasing-preprint.pdf
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