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* Video Encoding Technology Overview
* ME Implementation Using CUDA

* Issues on Parallel Video Encoding
o Q&A
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Video Encoding

° H U= Media®l A4 Al
 HDTV, DMB, HD-DVD, VoD, UCC ..
o ¢4=31A| & ° ™ Handling® -+ %i%j =

Off =% pk/p?

Vid
Enzoi‘loer > 1Mbps Encoded Stream

\ | 30fps

640x352x3x30x8 = 160Mbps

Quality Loss

veceweb |




Video Encoding
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Motion Estimation
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Why Motion Estimation?

* ME+= Video Encoding = LoAlg .y s 9o
e Full Search®] 73 -7 80% H| %

o Fast Search®| 7% 20~30% H| =
e Bitrate T H| Quality+= Full Search7} 7=

*» GPU+= A dj st SIMD Machine
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Example Configuration

— = 16x16

Search Range I
= 1ox16
IMacrobIockj

|\

Reference Frame (640x480) Current Frame (640x480)
Distortion = SAD (Sum of Absolute Difference)
SAD AHAF 2l = (640/16)*(480/16)*(16*16)*(16*16) = 78,643,200
Result = Motion Vector Array (40x30)

CPU = Intel Q6600, RAM = 4GB, Graphic Card = GeForce 8800GTS
2 P voceweb




CPU Implementation

for (int mby = 0; mby < (HEIGHT/MBSIZE); mby++) {
for (int mbx = 0; mbx < (WIDTH/MBSIZE); mbx++) {
cx = mbx * MBSIZE;
cy = mby * MBSIZE;
minsad = INT_MAX;
mvx = 0; mvy = 0O;
for (int y = max<int>(0, cy - SR); y < min<int>(HEIGHT, cy + SR); y++) {
for (int x = max<int>(0, cx - SR); x < min<int>(WIDTH, cx + SR); x++) {
sad = 0;
for (int yy = 0; yy < MBSIZE; yy++) {
for (int xx = 0; XX < MBSIZE; xx++) {
sad += abs(int(ref[INDEX(X+xx, y+yy)]) - int(cur[INDEX(cx+xx, cy+yy)]D));
+
}
if (sad < minsad) {
mvX = X — CX; MmMVvy =Yy - CYy;
minsad = sad;
}
}

by
mv[(mbx + mby*(WIDTH/MBSIZE))*2] = mvx;

mv[(mbx + mby*(WIDTH/MBSIZE))*2 + 1] = mvy; CPU = 94.15 msec

+
}
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GPU Impl. #1 (Global Memory)

int tid = threadldx.x + threadldx.y * blockDim.x; Thread B|OC|(S = 4OX30
int curleft = blockldx.x * MBSIZE; _

int curtop = blockldx.y * MBSIZE; Threads = 16x16

int refleft = max(curleft - SR, 0);

int reftop = max(curtop - SR, 0); ‘

int cand_x = refleft + threadldx.x;

int cand_y = reftop + threadldx.y; CPU = 94.15 msec

int sad = O;

S ehared. S int3. sads[286]: GPU#1 = 111.21 msec (0.84x)

for(int j = 0; j < MBSIZE; ++j) {
for(int 1 = 0; i < MBSIZE; ++i){
sad = __ sad(ref[INDEX(cand_x+i, cand_y + j)],
cur[INDEX(curleft+i,curtop + j)], sad);

}

}
sads[tid] = make_int3(threadldx.x, threadldx.y, sad);

reduce_costs(sads); // Parallel Reduction

hy Slow?

if(tid == 0) { Too high
const int mvindex = (blockldx.x + blockldx.y * WIDTH/MBSIZE) * 2; :
mv[mvindex] = sads[0].x - 8; InCOherent
mv[mvindex+1] = sads[0].y - 8;

}
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int tx threadldx.x;

int ty = threadldx.y;

int tid = tx + ty * blockDim.x;
int curleft blockldx.x * MBSIZE;
int curtop blockldx.y * MBSIZE;
int refleft curleft - SR;

int reftop curtop - SR;

_ shared__ int refcache[32][32];
__shared___ int curcache[16][16];
__shared__ int3 sads[256];

curcache[ty][tx] cur[ INDEX(curleft+tx,curtop+ty)];
for(int j = 0; j < 2; ++j)
for(int 1 = 0; i < 2; ++i)

refcache[ty*2+j][tx*2+i] = ref[INDEX(refleft+tx*2 +i, reftop+ty*2+j)];

__syncthreads();

0; j < MBSIZE; ++j) {
= 0; 1 < MBSIZE; ++i) {

sads[tid] = make_int3(threadldx.x, threadldx.y, sad);

reduce_costs(sads);
// O[5t 4=t

__sad(refcache[ty+j][tx+i], curcache[j][i],

AlLHO| B
=AM ALt
CPU = 94,15 msec

GPU#1 = 111.21 msec (0.84x)
GPU#2 = 3.27 msec (28.8x)

// SX| Block2 SharedZ Copy

Occupancy=33%

sad);
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Check Occupancy

Varying Block Size Varying Shared Memory Usage
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//
__shared__ int refcache[31][31]; // Search Range 1 Zi&
//

GPU#3 = 2.88 msec (32.7x)

* CUDA Coding™ &4 &4 5l = AFgt
e Use shared memory
e Evade global memory incoherent
e Reduce register/shared memory size

e Shared memory bank conflict
e o~ 1l Rig] B0 O] A A7l of = A

CPU = 94.15 msec Threads / Block = 256
GPU#1 = 111.21 msec (0.84x) Registers / Thread = 9
GPU#2 = 3.27 msec (28.8x) Shared Memory / Block = 7986
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More Expensive Cards

Model GPU GPUt2 GPU#3
8800GTS 111.21 2 Yoy 2.88
8800GT 107.49 (3%) 2.23 (47%) 2.00 (44%)
Tesla C870 89.33 (24%) 2.02 (61%) 1.78 (62%)

Video Encoding0| A= 0.1mskE AZSICt

Model SP Bandwidth Clock(C/S/M) MHz
8800GTS 96 64 GB/sec 500/1200/800
8800GT 112 57.6 GB/sec 600/1500/900
Tesla C870 128 76.8 GB/sec 600/1350/800
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For H.264




Face the Real World : H.264

* Motion estimation is not simple!

* H.264 encoding can’t be parallel

® Current MB depends on gara. | e | s
< Fitler
previous coded MB. I

* Algorithm & Structure modification | s~ v
,Heuristics required!!!
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Absolute encoding time, Lord of the Rings

720X416@24f{ps

H.264 Codec Comparison
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Some Intermediate Result

* Motion Estimation by Full Search
 36x faster than CPU
* Motion Estimation by UMH Fast Search
e 6x faster than CPU
* Half-pel, Quarter-pel Building
e 15x faster than CPU
* Overall Performance for High-Quality preset
o 8x faster than JM reference
e 0.2 dB maximum quality degradation

On GeForce 8800GT V@Ceweb
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