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ǕǱǦǳ

ÅǖǦǧǴǸǦ Ƿ ǘǫǰǷǸǹǶǦǲǮ

ÅǗǨǫǶǸǰǦ

ÅǞǹǲǴǵǴǪǦǨǱǫǳǮǫ

ÅǒǦǷǾǸǦǧǮǶǴǨǦǳǮǫ ǮǭǴǧǶǦǬǫǳǮǯ



ǖǆǇǔǘǆ Ǘ ǘǋǐǗǘǙǖǆǒǎ



ǘǮǵȁ ǵǦǲȅǸǮ Ǩ CUDA

ȸɎɕ 
ɕɆɒɥɘɎ

ȪɔɗɘəɕȹɖɔɈɋɓɢ 
ɈɡɊɋɑɋɓɎɥ

ȷɐɔɖɔɗɘɢ 
ɖɆɇɔɘɡ

ȶɆɗɕɔɑɔɌɋɓɎɋ

ȶɋɉɎɗɘɖɡR/W Per-thread ȨɡɗɔɐɆɥSM

ȱɔɐɆɑɢɓɆɥR/W Per-thread ȳɎɍɐɆɥDRAM

Shared R/W Per-block ȨɡɗɔɐɆɥSM

ȩɑɔɇɆɑɢɓɆɥR/W Per-grid ȳɎɍɐɆɥDRAM

Constant R/O Per-grid ȨɡɗɔɐɆɥDRAM

Texture R/O Per -grid ȨɡɗɔɐɆɥDRAM

ǑǫǩǫǳǪǦ:

-ǮǳǸǫǶǺǫǯǷȁ 

ǪǴǷǸǹǵǦ



ǆǶǻǮǸǫǰǸǹǶǦ Tesla 10

TPC TPC TPCTPCTPCTPCTPCTPCTPC TPC

Interconnection Network

ROP L2 ROP L2 ROP L2 ROP L2 ROP L2 ROP L2 ROP L2 ROP L2

DRAM DRAM DRAM DRAM DRAM DRAM DRAM DRAM

Work Distribution

CPU Bridge Host Memory



TEX

SM

SM

Texture Processing Cluster

SM

ǆǶǻǮǸǫǰǸǹǶǦ Tesla
ǒǹǱȂǸǮǵǶǴǼǫǷǷǴǶ Tesla 10

Streaming Multiprocessor

Instruction $ Constant $

Instruction Fetch

Shared Memory

SFU

SP

SP

SP

SP

SFU

SP

SP

SP

SP

Double Precision

Register File



Texture Ǩ 3D 

Åǈ CUDA ǫǷǸȂ ǪǴǷǸǹǵ ǰ fixed -function HW: Texture 

Unit

0,0 1,0

1,10,1

u

v

0,0

1,0

0.66,1

0,0 1,0

0.66,1



Texture HW

ÅǓǴǶǲǦǱǮǭǦǼǮȅ ǰǴǴǶǪǮǳǦǸ:

ïǔǧǶǦǿǫǳǮǫ ǵǴ ǰǴǴǶǪǮǳǦǸǦǲ, ǰǴǸǴǶȁǫ 

ǱǫǬǦǸ Ǩ ǪǮǦǵǦǭǴǳǫ [0,1]

0,0 1,0

1,10,1

u

v



Texture HW

ÅǕǶǫǴǧǶǦǭǴǨǦǳǮǫ ǰǴǴǶǪǮǳǦǸ:

ïǐǴǴǶǪǮǳǦǸȁ, ǰǴǸǴǶȁǫ ǳǫ ǱǫǬǦǸ Ǩ 

ǪǮǦǵǦǭǴǳǫ [0,1] (ǮǱǮ [w, h])

0,0 1,0

1,10,1

u

v Clamp:

-ʂʦʦʨʜʠʥʘʪʘ çʦʙʨʫʙʘʝʪʩʷè 

ʧʦ ʜʦʧʫʩʪʠʤʳʤ ʛʨʘʥʠʮʘʤ

Wrap

- ʂʦʦʨʜʠʥʘʪʘ 

çʟʘʚʦʨʘʯʠʚʘʝʪʩʷè ʚ 

ʜʦʧʫʩʪʠʤʳʡ ʜʠʘʧʦʟʦʥ

[1.1, 0.7]

[1.1, 0.3]

[1.0, 0.7]

[0.1, 0.3]



Texture HW

ÅǚǮǱȂǸǶǦǼǮȅ:

ïǋǷǱǮ Ǩȁ ǮǷǵǴǱȂǭǹǫǸǫ float ǰǴǴǶǪǮǳǦǸȁ, 

ǽǸǴ ǪǴǱǬǳǴ ǵǶǴǮǭǴǯǸǮ ǫǷǱǮ ǰǴǴǶǪǮǳǦǸǦ 

ǳǫ ǵǴǵǦǪǦǫǸ ǸǴǽǳǴ Ǩ texel ?

Point:

-ɹʝʨʝʪʩʷ ʙʣʠʞʘʡʰʠʡ texel

Linear:

- ɹʠʣʠʥʝʡʥʘʷ ʬʠʣʴʪʨʘʮʠʷ 

ʇʨʠʙʣʠʟʠʤʩʷ 

ʚʦʪ ʚ ʵʪʫ ʪʦʯʢʫ

u

v

0,0 1,0

1,10,1



Texture HW

ÅǚǮǱȂǸǶǦǼǮȅ

Point:

-ɹʝʨʝʪʩʷ 

ʙʣʠʞʘʡʰʠʡ 

texel

[0.1, 0.3]

u

v



Texture HW

ÅǚǮǱȂǸǶǦǼǮȅ

Linear:

-ɹʠʣʠʥʝʡʥʘʷ 

ʬʠʣʴʪʨʘʮʠʷ

(P1*(1-Ŭ)+P2*(Ŭ)) * (1-ɓ) +

(P3*(1-Ŭ)+P4*(Ŭ)) * (ɓ)

[0.1, 0.3]

u

v

P1 P2

P3 P4

Ŭ

ɓ



Texture Ǩ CUDA

ÅǕǶǫǴǧǶǦǭǴǨǦǳǮǫ ǪǦǳǳȁǻ:

ïcudaReadModeNormalizedFloat :

ÅǎǷǻǴǪǳȁǯ ǲǦǷǷǮǨ ǷǴǪǫǶǬǮǸ ǪǦǳǳȁǫ Ǩ 

integer, ǨǴǭǨǶǦǿǦǫǲǴǫ ǭǳǦǽǫǳǮǫ ǨǴ floating 

point ǵǶǫǪǷǸǦǨǱǫǳǮǮ (ǪǴǷǸǹǵǳȁǯ ǪǮǦǵǦǭǴǳ 

ǭǳǦǽǫǳǮǯ ǴǸǴǧǶǦǬǦǫǸǷȅ Ǩ ǮǳǸǫǶǨǦǱ [0, 1] ǮǱǮ 

[-1,1])

ïcudaReadModeElementType

ÅǈǴǭǨǶǦǿǦǫǲǴǫ ǭǳǦǽǫǳǮǫ ǸǴ Ǭǫ, ǽǸǴ Ǯ ǨǴ 

ǨǳǹǸǶǫǳǳǫǲ ǵǶǫǪǷǸǦǨǱǫǳǮǮ



cudaArray

ÅǔǷǴǧȁǯ ǰǴǳǸǫǯǳǫǶ ǵǦǲȅǸǮ

ÅǝǫǶǳȁǯ ȅǿǮǰ ǪǱȅ ǵǶǮǱǴǬǫǳǮȅ

ÅǕǴǭǨǴǱȅǫǸ ǴǶǩǦǳǮǭǴǨȁǨǦǸȂ ǪǦǳǳȁǫ Ǩ 

1D/ 2D/3D ǲǦǷǷǮǨȁ ǪǦǳǳȁǻ ǨǮǪǦ:

ï1/2/4 ǰǴǲǵǴǳǫǳǸǳȁǫ ǨǫǰǸǴǶȁ

ï8/16/32 bit signed/unsigned integers 

ï32 bit float

ï16 bit float (driver API)

ÅǓǦ CC 2.x ǨǴǭǲǴǬǳǦ ǭǦǵǮǷȂ Ǯǭ ȅǪǶǦ



Texture<> Ǩ CUDA (cudaArray) 

ÅǘǴǱȂǰǴ ǽǸǫǳǮǫ

ÅǔǧǶǦǿǫǳǮǫ ǰ 1D/2D/3D ǲǦǷǷǮǨǦǲ ǪǦǳǳȁǻ ǵǴ:

ïǜǫǱǴǽǮǷǱǫǳǳȁǲ ǮǳǪǫǰǷǦǲ

ïǓǴǶǲǦǱǮǭǴǨǦǳǳȁǲ ǰǴǴǶǪǮǳǦǸǦǲ

ÅǕǶǫǴǧǶǦǭǴǨǦǳǮǫ ǦǪǶǫǷǴǨ ǳǦ ǩǶǦǳǮǼǦǻ

ïClamp, Wrap

ÅǚǮǱȂǸǶǦǼǮȅ ǪǦǳǳȁǻ

ïPoint, Linear

ÅǕǶǫǴǧǶǦǭǴǨǦǳǮǫ ǪǦǳǳȁǻ

ïǊǦǳǳȁǫ ǲǴǩǹǸ ǻǶǦǳǮǸȂǷȅ Ǩ ǺǴǶǲǦǸǫ uchar4

ïǈǴǭǨǶǦǿǦǫǲǴǫ ǭǳǦǽǫǳǮǫ ðfloat4



Surface<> Ǩ CUDA (cudaArray) 

ÅǝǸǫǳǮǫ Ǯ ǭǦǵǮǷȂ

ïcudaArraySurfaceLoadStore

ÅǔǧǶǦǿǫǳǮǫ ǰ 1D/2D ǲǦǷǷǮǨǦǲ ǪǦǳǳȁǻ ǵǴ:

ïǜǫǱǴǽǮǷǱǫǳǳȁǲ ǮǳǪǫǰǷǦǲ

ïByte-ǦǪǶǫǷǦǼǮȅ ǵǴ x

ÅǕǶǫǴǧǶǦǭǴǨǦǳǮǫ ǦǪǶǫǷǴǨ ǳǦ ǩǶǦǳǮǼǦǻ

ïClamp, Zero, Trap



Texture<> Ǩ CUDA (linear)

ÅǒǴǬǳǴ ǮǷǵǴǱȂǭǴǨǦǸȂ ǴǧȁǽǳǹȄ 

ǲǯǴǬǰǴǺȅǵǦǲȅǸȂ

ÅǔǩǶǦǳǮǽǫǳǮȅ:

ï1D / 2D

ïǓǫǸ ǺǮǱȂǸǶǦǼǮǮ

ïǊǴǷǸǹǵ ǵǴ ǼǫǱǴǽǮǷǱǫǳǳȁǲ ǰǴǴǶǪǮǳǦǸǦǲ

ïǔǧǶǦǿǫǳǮǫ ǵǴ ǦǪǶǫǷǹ Ǩǳǫ ǪǴǵǹǷǸǮǲǴǩǴ 

ǪǮǦǵǦǭǴǳǦ ǨǴǭǨǶǦǿǦǫǸ ǳǴǱȂ



Texture Ǩ CUDA (linear)
texture< float , 1, cudaReadModeElementType > texRef;

__global__ void kernel 1 ( float * data )

{ 

int idx = blockIdx.x * blockDim.x + threadIdx.x;

data [idx] = tex1Dfetch(texRef, idx);

}

int main( int argc, char ** argv)

{

float *hA = NULL, *hB = NULL, *dA = NULL, *dB = NULL;

for ( int idx = 0; idx < numThreads * numBlocks; idx++)

hA[idx] = sinf(idx * 2.0f * PI / (numThreads * numBlocks) );

cudaMemcpy ( dA, hA, memSizeInBytes, cudaMemcpyHostToDevice );

cudaBindTexture(0, texRef, dA, memSizeInBytes);

dim3 threads = dim3 ( numThreads );

dim3 blocks  = dim3 ( numBlocks );

kernel 1 <<<blocks, threads >>> ( dB );

cudaThreadSynchronize();

cudaMemcpy ( hB, dB, nMemSizeInBytes, cudaMemcpyDeviceToHost );

return 0;

}



Texture Ǩ CUDA (cudaArray)
texture< float , 2, cudaReadModeElementType > texRef;

__global__ void kernel ( float * data )

{ 

int idx = blockIdx.x * blockDim.x + threadIdx.x;

data [idx + blockIdx.y * gridDim.x * blockDim.x] = tex2D(g_TexRef, idx, blockIdx.y);

}

int main ( int argc, char *  argv [] )

{

float * hA = NULL, *hB = NULL, *dA = NULL, *dB = NULL; // linear memory pointers

cudaArray * paA = NULL;                                    // device  cudaArray pointer

cudaChannelFormatDesc cfD=cudaCreateChannelDesc(32,0,0,0, cudaChannelFormatKindFloat );

cudaMallocArray(&aA, &cfD, numBlocksX * numThreads, numBlocksY);

for (int idx = 0; idx < nThreads * nBlocksX; idx++) {

hA[idx] = sinf(idx*2.0f*PI/(numThreads*numBlocksX) );

hA[idx + numThreads * numBlocksX] = cosf(idx*2.0f*PI/(numThreads*numBlocksX) ); 

}

cudaMemcpyToArray(aA,0,0,hA,memSizeInBytes, cudaMemcpyHostToDevice );

cudaBindTextureToArray(texRef, paA);

dim3 threads = dim3 ( numThreads );

dim3 blocks  = dim3 ( numBlocksX, numBlocksY );

kernel 2<<<blocks, threads >>> ( dB );

cudaThreadSynchronize();

cudaMemcpy ( hB, dB, memSizeInBytes, cudaMemcpyDeviceToHost );

return 0;

}



Texture HW

ÅǑǦǸǫǳǸǳǴǷǸȂ ǧǴǱȂǾǫ, ǽǫǲ ǹ ǵǶȅǲǴǩǴ 

ǴǧǶǦǿǫǳǮȅ Ǩ ǵǦǲȅǸȂ

ïǊǴǵǴǱǳǮǸǫǱȂǳȁǫ ǷǸǦǪǮǮ Ǩ ǰǴǳǨǫǫǶǫ:

ÅǕǶǫǴǧǶǦǭǴǨǦǳǮǫ ǦǪǶǫǷǴǨ

ÅǚǮǱȂǸǶǦǼǮȅ

ÅǕǶǫǴǧǶǦǭǴǨǦǳǮǫ ǪǦǳǳȁǻ

ÅǋǷǸȂ ǰȃǾ

ïǖǦǭǹǲǳǴ ǮǷǵǴǱȂǭǴǨǦǸȂ, ǫǷǱǮ:

ÅǔǧȀǫǲ ǪǦǳǳȁǻ ǳǫ ǨǱǫǭǦǫǸ Ǩ shared ǵǦǲȅǸȂ

ÅǞǦǧǱǴǳ ǪǴǷǸǹǵǦ ǻǦǴǸǮǽǳȁǯ

ÅǊǦǳǳȁǫ ǵǫǶǫǮǷǵǴǱȂǭǹȄǸǷȅ ǶǦǭǳȁǲǮ ǵǴǸǴǰǦǲǮ



BINDLESSTEXTURES

ÅOnly Kepler hardware

ÅUp to 1M of textures

ÅNot more static only vars

ÅCan at runtime determine which texture to pass

ÅNew object ðcudaTextureObject_t

ÅUse standard access functions



BINDLESSTEXTURES
#define N 1024

__global__ void myKernel ( cudaTextureObject_t tex )

{

int i = blockIdx.x * blockDim.x + threadIdx.x;

float x = tex1Dfetch ( tex, i );

. . .

}

int main ()

{

float * buffer;

cudaMalloc ( &buffer, N*sizeof(float) );

cudaResourceDesc resDesc;

memset ( &resDesc, 0, sizeof ( resDesc ) );

resDesc.resType                = cudaResourceTypeLinear;

resDesc.res.linear.devPtr      = buffer;

resDesc.res.linear.desc.f      = cudaChannelFormatKindFloat;

resDesc.desc.x                 = 32;   // bits per channel

resDesc.res.linear.sizeInBytes = N * sizeof ( float );

cudaTextureDesc texDesc;

memset ( &texDesc, 0, sizeof ( texDesc ) );

texDesc.readMode = cudaReadModeElementType;

cudaTextureObject_t tex;

cudaCreateTextureObject ( &tex, &resDesc, &texDesc, NULL );

myKernel<<<blocks, threads>>> ( tex );

}



ǗǨǫǶǸǰǦ

ÅǔǵǶǫǪǫǱǫǳǮǫ ǷǨǫǶǸǰǮ:

Åǈ ǊǮǷǰǶǫǸǳǴǲ ǷǱǹǽǦǫ:

Åǈ 2D ǪǱȅ ǮǭǴǧǶǦǬǫǳǮǯ:

ñ-== dnnknisiksir )()())(*()(

ä -==
n

nknisiksir )()())(*()(

ää --==
n m

mnkmjnisjiksjir ),(),(),)(*(),(



i

ǗǨǫǶǸǰǦ

0 1 0
1 2 1
0 1 0
ʗʜʨʦ

1 2 4 5 5 7 1 4
5 2 1 2 3 4 1 2
5 4 6 6 1 7 1 8
1 2 3 7 5 5 9 6
1 3 2 3 1 9 6 4
9 5 9 2 5 3 7 6
4 2 3 6 8 4 4 9
6 6 8 7 2 3 9 5

ʀʩʭʦʜʥʳʡ ʩʠʛʥʘʣ

6 6 1
3 7 5
2 3 1

ʆʢʥʦ

0 6 0
3 14 5
0 3 0

31

ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ

ǑǫǩǫǳǪǦ:

-ǷǮǩǳǦǱ

-ȅǪǶǴ ǷǨǫǶǸǰǮ

0 6 0
3 14 5
0 3 0

31×

j



ǗǨǫǶǸǰǦ

ÅǈȁǽǮǷǱǮǸǫǱȂǳǦȅ ǷǱǴǬǳǴǷǸȂ:

ïW x H x N x KðǹǲǳǴǬǫǳǮǯ

ÅǗǫǵǦǶǦǧǫǱȂǳȁǫ ǺǮǱȂǸǶȁ

ʈʘʟʤʝʨ 

ʚʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ

ʈʘʟʤʝʨ 

ʷʜʨʘ

-1 0 1

-2 0 2

-1 0 1

ʗʜʨʦ

-1 0 1

ʗʜʨʦ X

1

2

1

ʗʜʨʦY



ǕǶǮǲǫǶȁ

ÅGaussian Blur

ÅEdge Detection



Gaussian Blur

ÅǗǨǫǶǸǰǦ Ƿ ȅǪǶǴǲ:

)/exp()( 22 ss iik -= )/)(exp(),( 222 ss jijik +-=



Gaussian Blur
#define SQR(x) ((x) * (x))

texture< float , 2, cudaReadModeElementType > texRef;

__global__ void GaussBlur( float * filteredImage, int W, int H, float r)

{ 

int idx = blockIdx.x * blockDim.x + threadIdx.x;

int idy = blockIdx.y * blockDim.y + threadIdx.y;

float sum = 0.0f;

float result = 0.0f;

for ( int ix = - r; ix <= r; ix++){

for ( int iy = - r; iy <= r; iy++)

{

float w = exp( - ( SQR(ix) + SQR(iy)) / SQR(r) );

result += w * tex2D(texRef, idx + ix, idy + iy);

sum += w;

}

}

result /= sum;

f ilteredImage[idx + idy * W] = result;

}



ǗǨǫǶǸǰǦ ǔǵǸǮǲǮǭǦǼǮǮ

ÅǎǷǵǴǱȂǭǴǨǦǸȂ ǷǫǵǦǶǦǧǫǱȂǳȁǫ ǺǮǱȂǸǶȁ

ïǗǹǿǫǷǸǨǫǳǳǴ ǲǫǳȂǾǫ ǦǱǩǴǶǮǸǲǮǽǫǷǰǦȅ 

ǷǱǴǬǳǴǷǸȂ 

ÅǎǷǵǴǱȂǭǴǨǦǸȂ sharedǵǦǲȅǸȂ



ǗǨǫǶǸǰǦ ǔǵǸǮǲǮǭǦǼǮǮ

ʀʩʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ



ǣǺǺǫǰǸǮǨǳǴ ǱǮ ǸǦǰǴǫ 
ǶǦǭǧǮǫǳǮǫ ǮǭǴǧǶǦǬǫǳǮȅ



ǗǨǫǶǸǰǦ
Smem ǔǵǸǮǲǮǭǦǼǮǮ

ǑǫǩǫǳǪǦ:

-ǷǮǩǳǦǱ

-ȅǪǶǴ ǷǨǫǶǸǰǮ



ǗǨǫǶǸǰǦ
Smem ǔǵǸǮǲǮǭǦǼǮǮ

ǑǫǩǫǳǪǦ:

-ǷǮǩǳǦǱ

-ȅǪǶǴ ǷǨǫǶǸǰǮ



ǗǨǫǶǸǰǦ
Smem ǔǵǸǮǲǮǭǦǼǮǮ

ǑǫǩǫǳǪǦ:

-ǷǮǩǳǦǱ

-ȅǪǶǴ ǷǨǫǶǸǰǮ



ǗǨǫǶǸǰǦ
Smem ǔǵǸǮǲǮǭǦǼǮǮ



EDGE DETECTION



Edge Detection

ÅǔǧǳǦǶǹǬǫǳǮǫ ǩǶǦǳǮǼ ðǵǴǮǷǰ ǶǦǭǶȁǨǴǨ 

Ǩ ȅǶǰǴǷǸǮ ǮǭǴǧǶǦǬǫǳǮȅ

ʀʜʝʘʣʴʥʘʷ 

ʛʨʘʥʠʮʘ

çʨʝʘʣʴʥʘʷè 

ʛʨʘʥʠʮʘ

çʰʫʤʥʘʷè 

ʛʨʘʥʠʮʘ



Edge Detection

ÅǉǶǦǪǮǫǳǸ ǺǹǳǰǼǮǮ f(x,y) 

ïǣǸǴ ǨǫǰǸǴǶ ǰǴǸǴǶȁǯ ǵǴǰǦǭȁǨǦǫǸ 

ǳǦǵǶǦǨǱǫǳǮǫ ǶǴǷǸǦ

ïǔǵǶǫǪǫǱȅǫǸǷȅ ǰǦǰ 
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Edge Detection

ÅǖǦǭǳǴǷǸǳǦȅ ǵǶǴǮǭǨǴǪǳǦȅ:

ÅǗǨǫǶǸǰǦ Ƿ ȅǪǶǴǲ:
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Edge Detection

ÅǖǦǭǳǴǷǸǳǦȅ ǵǶǴǮǭǨǴǪǳǦȅ:

ÅǗǨǫǶǸǰǦ Ƿ ȅǪǶǴǲ:
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Edge Detection

ÅPrewitt mask:
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Edge Detection

ÅSobel mask:
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Edge Detection

ÅǔǵǫǶǦǸǴǶ ǑǦǵǱǦǷǦ:
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Discrete Cosine Transform

ÅǥǨǱȅǫǸǷȅ ǴǷǳǴǨǴǯ ǷǴǨǶǫǲǫǳǳȁǻ 

ǦǱǩǴǶǮǸǲǴǨ ǷǬǦǸǮȅ ǪǦǳǳȁǻ Ƿ ǵǴǸǫǶȅǲǮ 

(JPEG, MPEG)

JPEG, 2/10



Discrete Cosine Transform

ÅǕǶǫǪǷǸǦǨǮǸǫǱȂ ǷǫǲǫǯǷǸǨǦ 

ǵǶǴǷǸǶǦǳǷǸǨǫǳǳǴ-ǽǦǷǸǴǸǳȁǻ 1D 

ǵǶǫǴǧǶǦǭǴǨǦǳǮǯ, ǭǦǪǦǫǸǷȅ 

ǺǴǶǲǹǱǦǲǮ:

ÅǕǶȅǲǴǫ:

ÅǔǧǶǦǸǳǴǫ:

ÅǓǴǶǲǮǶǴǨǴǽǳȁǫ ǰǴȃǺǺǮǼǮǫǳǸȁ:
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Discrete Cosine Transform

Å8-ǸǴǽǫǽǳȁǯ ǷǱǹǽǦǯ: u=0



Discrete Cosine Transform

Å8-ǸǴǽǫǽǳȁǯ ǷǱǹǽǦǯ: u=1



Discrete Cosine Transform

Å8-ǸǴǽǫǽǳȁǯ ǷǱǹǽǦǯ: u=2



Discrete Cosine Transform

Å8-ǸǴǽǫǽǳȁǯ ǷǱǹǽǦǯ: u=3



Discrete Cosine Transform

Å8-ǸǴǽǫǽǳȁǯ ǷǱǹǽǦǯ: u=4



Discrete Cosine Transform

Å8-ǸǴǽǫǽǳȁǯ ǷǱǹǽǦǯ: u=5



Discrete Cosine Transform

Å8-ǸǴǽǫǽǳȁǯ ǷǱǹǽǦǯ: u=6



Discrete Cosine Transform

Å8-ǸǴǽǫǽǳȁǯ ǷǱǹǽǦǯ: u=7



Discrete Cosine Transform

ÅN-ǲǫǶǳǴǫ ǵǶǫǴǧǶǦǭǴǨǦǳǮǫ 

ǴǧǱǦǪǦǫǸ ǷǨǴǯǷǸǨǴǲ 

ǷǫǵǦǶǦǧǫǱȂǳǴǷǸǮ

ÅǐǴȃǺǺǮǼǮǫǳǸȁ A[8x8]

ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ 

ǨȁǽǮǷǱȅȄǸǷȅ ǴǪǮǳ ǶǦǭ



Discrete Cosine Transform

ÅǓǦǮǨǳȁǯ: 64 ǳǮǸǮ ǳǦ ǧǱǴǰ (8ǻ8)

ïǍǦǩǶǹǭǰǦ ǴǪǳǴǩǴ ǵǮǰǷǫǱȅ Ǯǭ ǸǫǰǷǸǹǶȁ

ïǇǦǶȂǫǶ

ïǕǴǸǴǰ ǨȁǽǮǷǱȅǫǸ ǴǪǮǳ ǰǴȃǺǺǮǼǮǫǳǸ

ïǇǦǶȂǫǶ

ïǍǦǵǮǷȂ ǰǴȃǺǺǮǼǮǫǳǸǦ Ǩ ǩǱǴǧǦǱȂǳǹȄ 

ǵǦǲȅǸȂ



ǓǦǷǰǴǱȂǰǴ ȃǸǴ ȃǺǺǫǰǸǮǨǳǴ?



Discrete Cosine Transform

ÅǇǱǴǰ ǵǴǸǴǰǴǨ ǴǧǶǦǧǦǸȁǨǦǫǸ ǳǫǷǰǴǱȂǰǴ 

ǧǱǴǰǴǨ 8ǻ8

ÅǔǪǮǳ ǵǴǸǴǰ ǴǧǶǦǧǦǸȁǨǦǫǸ ǨǫǰǸǴǶ 8ǻ1 

(1x8)



Image Denoising

ÅǞǹǲȁ Ǩ ǮǭǴǧǶǦǬǫǳǮǮ

ïǎǲǵǹǱȂǷǳȁǯ

ÅSalt & pepper

ïǆǪǪǮǸǮǨǳȁǯ

ÅUniform

ÅGaussian



ǖǦǳǩǴǨȁǫ ǺǮǱȂǸǶȁ

ÅǆǱǩǴǶǮǸǲ ǖ.ǚ. ǶǦǳǩǦ N:

ïǊǱȅ ǰǦǬǪǴǩǴ ǴǸǷǽǫǸǦ ǷǮǩǳǦǱǦ i

ïǈȁǧǴǶ ǴǰǶǫǷǸǳǴǷǸǮ ǨǴǰǶǹǩ ǴǸǷǽǫǸǦ i 

ÅǗǴǶǸǮǶǹǫǲ ǵǴ ǭǳǦǽǫǳǮȄ

ÅǈȁǧǮǶǦǫǲ N-Ǵǫ ǭǳǦǽǫǳǮǫ ǰǦǰ ǶǫǭǹǱȂǸǦǸ



ǒǫǪǮǦǳǦ

ÅǖǦǳǩǴǨȁǯ ǺǮǱȂǸǶ N=0.5

ÅǗǴǶǸǮǶǴǨǰǦ ǳǫ ǴǧȅǭǦǸǫǱȂǳǦ ǪǱȅ 8bit

ǭǳǦǽǫǳǮǯ

ïǗǸǶǴǮǲ ǩǮǷǸǴǩǶǦǲǲǹ

for ( int i< - R; i<R; i++) h[ signal[i] ]++;

ïǗǰǦǳǮǶǹǫǲ ǉǮǷǸǴǩǶǦǲǲǹ:
int sum = 0;

int targetSum = N*rank;

for ( int i<0; i<256; i++) 

{

sum += h[i];

if (sum > targetSum) return i;

}



ǒǫǪǮǦǳǦ 
ǕǴǷǸǶǴǫǳǮǫ ǩǮǷǸǴǩǶǦǲǲȁ

ʩʠʛʥʘʣ

ʉʠʛʥʘʣ + ʬʘʨʪʫʢ ʚ Smem



ǝǸǴ Ƿ ǧǦǳǰ-ǰǴǳǺǱǮǰǸǦǲǮ?



ǚǮǱȂǸǶǦǼǮȅ 
(ǆǪǪǮǸǮǨǳȁǯ Ǿǹǲ)

ÅǖǦǭǲȁǸǮǫ ðȃǸǴ low-pass ǺǮǱȂǸǶ

ÅǐǦǰǮǲ ǪǴǱǬǫǳ ǧȁǸȂ ǺǮǱȂǸǶ?

ïǕǴǪǦǨǱȅǸȂ Ǿǹǲ?

ïǗǴǻǶǦǳȅǸȂ ǪǫǸǦǱȂǳǴǷǸȂ?

noise

E(noise) = 0



Gaussian Blur

ÅBlur (ǶǦǭǲȁǸǮǫ) ǮǭǴǧǶǦǬǫǳǮǫ

ÅǗǨǫǶǸǰǦ Ƿ ȅǪǶǴǲ:

)/exp()( 22 ss iik -= )/)(exp(),( 222 ss jijik +-=


