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Gaussian Blur Effect

A Gaussian blur (also known as Gaussian
smoothing) is the result of blurring an image by

a Gaussian function. It is a widely used effect in
graphics software, typically to reduce image

noise and reduce detail. The visual effect of this
blurring technique is a smooth blur resembling that
of viewing the image through a translucent screen,
distinctly different from the Bokeh effect produced
by an out-of-focus lens or the shadow of an object
under usual illumination.



Example of Gaussian Blur

Blur Effect



Gaussian Function

In mathematics, a Gaussian function (named
after Carl Friedrich Gauss) is a function of the
form:
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Itis essentially a Low Pass Filter




Introduction to GPU & CUDA

= Whatis GPU

A graphics processing unit(GPU) is a specialized
electronic circuit designed to rapidly manipulate
and alter memory in such a way so as to accelerate
the building of images in a frame buffer intended
for output to a display.

= Whatis CUDA

Compute Unified Device Architecture (CUDA) is a
parallel computing architecture developed by
Nvidia for graphics processing.



How CUDA works — 1

= Create Blocks

Declare i = blockldx.x and j = blockldx.y to create i * j blocks
which will be operated parallely in GPU.
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How CUDA works — 2

= (CreateThreads

Declare k = threadldx.x, which based on the number of data that will be
operated in each of the blocks

16*16 threads
in each block
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Major Steps

Create Gaussian kernel vector;

Multiply every n consecutive elements of
every row in image with every n elements in
vector in each blocks horizontally from left to
right;

Multiply every n consecutive elements of
every column in image with every n elements
in vector in each blocks vertically from up to
down;

Output the result.



Create Gaussian Kernel

_(x=b)?
= Basedonthefunction: f(x) =ae 2c

Coding is typed as following

:i.“t Eiigma : |:|: - |
pri \nint put the SIGMA of Gaussian Kernel: ");

=
o Le = -1
const float PI
float cons = 1/sqrtl
float sum = @;
int kcenter
printf ("
for {int 1=0;
{

int x

al1]

sum += al1l;
printf("sf *, ali1l);

1
for (int 1=0; 1=M; 1++)
{
ali1]/=sum;
printf ("t




Assign dimension of blocks

A Yo I8l // get the x —md y 1r|d-=- ces of the block IS

1nt 1 = blockIdx
(Just a 10 * 1nt1 —|1 vIaII
window does not supply for huge plxels dlsplay )

|, treated as index of row, assigned by
the value of "blockldx.x”, whose range
is from o to g;

J, treated as index of column, assigned
by the value of “"blockldx.y”, whose
range is also from o to 9;

since the console



Assign dimension of threads

The dimension of threads is assigned to 5, since
the length of kernel is set initially by the code.

int k = 1:|'||'-':.5|-:II-:I:-::i-:_:




How to index

Every elements in 10*10 matrix are treated as

Fenter // calculate the indexes method C!<S' For

iInstanc x =1 * N+ j - size/2 +k;  SIsRdel=
ock][ y = k;

b int z = 7 * N+ 1;

b[3][4], treated as a result matrix, equals to

a[3][4] and other 4 neighbor element multiplied

by 5 element in kernel vector respectively:

b[3][4]=al1][4]*c[o]+a[2][4]*c[2]+a[3][4]*c[2]+
al4ll4]*c[3]+al5][4]*c[5]




How to sum them up

it (k == 0){ f/calculate all the blocks

int sum_a = 0;

int ctr = ©;

float temp = ©;

while (ctr=n){
temp += cachelctr];
sum a += alctr];
ctr++;

T

clz] = temp ;

it (c[z] = @)

clz] = 0;
else if (c[z] =
clz] =

clz] = temp / sum_a;

Sum all 5 elements in every block




How to handle with boundary

For those blocks whose index are less than half
of the size of kernel vector, there are not
enough neighbor elements, they cannot be
calculated correctly.

Take a[o][o] for example:

There is no a[-2][o] and a[-1][0], these two
elements can be any arbitrary number in
registers of GPU. If just add them directly, the
result might be very crazy.



! How to handle with boundary

If just ignore those boundary blocks, the result
image is not quite acceptable. This will loss
many pixels of image.

’d‘ , IR (‘:'



How to handle with boundary

One effective way is add a discussion. Just add
those elements that are multiplied with kernel
vector.

for({i1=0;1=M;1++)1 //handle with bondary of left

for(j=0;j=size/2;j++)1{
float sum_a=0;
int temp=0;
for{int ctr=size/Z; ctr=size; ctr++)1{
temp += b[1*N +j-s1ze/2+ctr]l*alctr];
sum a +=alctr];

I
cli* il = temp;

cly*+1] = temp / sum_a; //transform matrix c
if (clj*N +1] < 0)

cli*N +1] = ©;
else if (c[j*N +1] = 255)

clJ*N +i] = 255;

C[lx +7] = S22t
6[26 T4 (cgl*w +I] > S22)
Clla +7] = 0OF
T (C[1ak +7] < 0)
clamT] = fewb \ 2nuw 9 \\fLSU2LOLW WILLTX C




Advanced: change the
coefficients in kernel
vector

int fgiamall= ©; ) .
printti"ynint SIGMA o "

float cons = 1/sqrt(
float sum = O;
int kcenter =
printf (" nGa
for (int 1=0; 1
{
int x = 1
ali1] = cons * explx * x * scale);
sum += ali1l;
printf("sf ", al1l);

(int 1=0; 1=M; 1++)
ali1]/=sum;
printf('=f ", al1]);
bLyugy (vett W 9[T])°
9[7]\=2nw}

(Tug T=01 T<W'® T++)




Samplel

original image 1 result image 1




Sample2

original image 2 result image 2
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