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RaVioli: a Parallel Video Processing Library
with Auto Resolution Adjustability

Masaomi OHNO,T! HIROKO SAKURAL !
TomoAKI TsuMURAT! and HirosHr MaTsuo 1

Video processing applications are in demand on a great variety of platforms
such as mobile devices or high performance computers. On these platforms,

principal points differ from each other. One requires high processing speed, an-
other requires long battery time, and so on. Therefore, a deep knowledge about
various platforms is required for programmers. This would make the burden
heavy for them.

This paper proposes a parallel video processing library RaVioli. RaVioli hides
two resolutions, framerate and pixel number, from users, and provides a dy-
namic and transparent resolution adjustability based on user-preferred priority
parameter. This makes pseudo realtime video processing feasible by decreasing
resolutions automatically and dynamically. Meanwhile, when the input video
images are static, decreasing resolutions reduces power consumption.

Generally, video processing has some parallelism in its algorithm. For ex-
ample, pixels in a frame have data parallelism, and many video processing
algorithm can be divided into some processing steps which can be pipelined.
Hiding resolutions makes implicit parallelism more obvious. Hence, RaVioli can
parallelize programs semi-automatically.
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int i; int sum=0;
#pragma parallel reduction(+:sum)
for(i=1; i<=256; i++){

sum+=i;

}
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Fig.1 Parallel program with OpenMP containing reduction operation

0000000000000000000000Y000000000000000000
ooboooooboboooooooooobooooooobooooobooboOoo
0D0000000000000000000 VIGRA® O OpenCVY 0000 OOO
0000000000000 0000000000000VIGRAOO C+40 STLOO
O00000000ooooooooooooOO0OCOOOOO0O000O0O0O0gOoOpenCV O
oooooooooooooooo coooooo Cc++0000ooooooooooo
gooooooooooooooobooooooooboooboooooobooooooooDooboo
oobooobooooooooooon
Ravioi0OOOOOOOOOOOOOOOOOOOOOOOOOOOODODOOOORAVI-
oil 0000000000000 0DDO00DO000D00ooOoooDoDOoooooon
goooooboboobooooobobobooboboobobobobooobobobo
22 O000O00O0O0OO
goboboooooooooooooooooobooboooooooboooooooboOon
00000000000 00000000000000C++ 00000000000 Intel
Threading Blocks Blocks (TBB)” 0000000000000 OOOOOOOOOOO
goooooooooooooTBBOOOO0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O
oooobooboooooooobooobooooobooboOoooobOobOOCOoOobOooooboobo
ooooboobooooooobooooooobooboOoboobooooooOobocOoOooooDooObOoo
goboooooboboooboooooooboboooobooo
00000D0000000000000 OpenMP® 0000 OpenMPOOOOODOO
OO0‘pragma’ OODODODOOOOOOOCODOOOOOOOO0OO0O0O0OO0OOOOOOOOO



gobpbbo0o0od b10000000parallelJ 0000000000 Oparallel OO
ooOoOo0 for000D0DODODO0O0OO0O00O0O0OO0ODOOODOOO0OOOO0 1000000 sum
goooobooooooooboooooobooboooobooooooobooooDboboo
goboooboooooooobooobooooooobooooooooooooOoon
(1) DOOO0OOO0ODO0OOO0ODO0OOO0DOOUOO0OOO0O0OO00O000 swwO0O0OO
(2) ODOOOOOOUOOOOODDOOOODOOUOOOCOOUOswmOOOOOO

(3) ODOUOOOOOUDUOOOODOUOODOOUDOOO

OpenMP OO O0D00O0O0OOOOOOOODO 10000000000000COCOO0O
reduction 0000000000000 0O00OO00O0OOOOOOOOOO OpenMP OO
goooobooooooooooobooboooooobooboOoooooobooboOoboooooDooo
gooooobooobooo
OO0OORaVioiOOOOOOOOOOOODOODODODODODDOOOORaAViOiOOOOO
gooooooooooooooooooooooobooOoooooooooooooboo
OO0O000000ORaViliDOOOOODOODOOOOOOOOOOODOOOOODODOOOO
gooooooooooooooobooboooooboooooooooobooboboooooboo
gobooooboooooooooooboooooOoooboooobOoOooooooboobooon

3. DO0O0O0DO0OO00D RaVioli

3.1 0DO00O0OO0O0O0O0OO
RavioliOOOOOOOOOOOOOOOOOODOODODDOOOOOOOOOODOOOOO
gooooooobooooobooboooooobooboobbooboooooboobooooo
oo
goboboooooooboooooobobooooobooooooooooooboooboo
gooobooboooooooooboooooooooooooooboobooooooboooag
ooobobooodooooooooooooooooooooooboooOoooooDooOoboOo
gooooboooooooooooobooooooooooooooobooboOoooooDooOoboOo
goboooobbooobooooobooooobooooobooOoooooon
gboboobooooboooooooobooooboobOoobOoOooOobooOooOooooon
OU0000o0oUoU0Oo0Oo0o0oOOoLOOoUOUOULUOO 2(a)00000O0OOOOO
gboooobooobooooobooobobobooooboOoboobOoOoOoOoboboOobOooooon
OU000U0O0 RavVioliDOOOOOODOODUOOUOUOO 2(b)000000O0OOOO

T img.procPix( GrayScale );

{ library )

for(x =0;x < 640; x++)
for(y =0;y < 480;y++)
new.pixel[x][y]
= GrayScale(img.pixel[x]ly] );
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(a) Traditional image processing. (b) Image processing with RaVioli.
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Fig.2 Digital image processing.
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ST:time stride
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Ss:spacial stride
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(a) Spacial resolution. (b) Time resolution.
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Fig.3 Change of resolutions.
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img.procPix(GrayScale); RaVioli

procPix
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process GrayScale as:
xStart=0 xEnd=320
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process GrayScale as:
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process GrayScale as:
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Fig.4 Spacial Parallelization
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— original code(partical) M
RV_Pix average(RV_Pix p){ ﬁzﬂ?lf_p’?n:m ;
intrgby; = if(oMin>_ pMin){
p.getRGB(r,g,b); pMin=__pMin;
y=(in0rint(0.3"1+0.59"g+0.11*b); deteciCods y
pSum=pSum-+y; : pSum-+=y;
pCnt+=1; ] pCnt+=1;
ifly<pMin){ (1 ilpMin>y) —(2) sepCodePar
' pMin=y; | pMin=y; __pSum+=y;
E"_R_GB(_"T""J } __pCnt+=1;
p.set| y.yy); _) if(__pMin>y){
return p; __pMin=y;

} }

&
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Fig.5 transform of a reduction unit
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binarization(){
while(video_stop!=1){

edge_detection(){
while(video_stop!=1){
while(load(frame)!=1){} while(load(frame)!=1){}
process the frame process the frame
¥ } ¥
¥ } }

hough_transform(){
while(video_stop!=1){
while(load(frame)!=1){}
process the frame

(a) Pseudo codes of pipeline.

FIFO1 FIFO2 FIFO3
frame frame frame

Thread1 Thread2 Thread3
© frame Winarization frame edge frame hough
i detection transform

O

[ ] L]
[ ]
o0 0

(b) Pipelined video processing.
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Fig.6 Pipelining
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a N

RV_Pipedata* GrayScale(RV_Pipedata* data){
//Gray-scale processing for a frame
return data;

}

RV_Pipedata* Laplacian(RV_Pipedata* data){
//Laplacian filter processing for a frame
return data;

}

int main(){

RV_Pipeline pipe; //Making an instance of pipeline class
pipe.setParam(7,3); //Setting priority of resolutions
pipe.push(GrayScale); //Creating a Gray-scale stage
pipe.push(Laplacian); //Creating a Laplacian stage
pipe.run(); //Starting pipelining
return 0;
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Fig.7 An example of pipelining program with RaVioli
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[ threadl [ thread2 WM thread3
framel| funcA|

frame2 funcA

frame3| func

(a) Before stage-integration/parallelization.

framel

frame2

frame3

(b) Integrated/parallelized the stages.
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Fig.8 Processing states of each frame
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OS Fedora core 9
CPU AMD Opteron Dual-Core (2GHz)
Memory 2GB

Camera
Capture board

SONY DCR-TRV900
1.0 DATA GV-VCP2M

Format NTSC
Interface S-video (S1)
Resolution 320 x 240
Framerate 30fps
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Fig.9 Resolution transitions with several priorities.
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Os Solaris 10
CPU Sun UltraSPARC T1
Frequency(MHz) 1.0 GHz
Number of cores 4
Threads per core 8
Memory 16BG

Compiler Sun Studio 12 (Sun C++ 5.9)
-fast -m64 -xchip=ultraT1l

pthread

Compiler option
Thread library
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Fig.11 Output images w/o and w/ pipelining mechanism.
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(— Input: a sequential program ﬁ

int pSum;
int pCnt;

int pMin;

RV_Pixel Ave(RV_Pixel p){
int r,g,b,y;
p-getRGB(r,g,b);
y=rint (0.3*r+0.59%g+0.11%Db) ;
pSum=pSum+y ;
pCnt+=1;
if (y<pMin) pMin=y;
p.setRGB(y,y,y);
return p;

int main() {
RV_Image* input_img;
input_img=new RV_Image();

//load image data

//store the data into input_img
pCnt=0; pSum=0; pMin=256;

input_img=input_img->procPix (Ave) ;
pSum=rint (PSum/pCnt) ;

return 0;

K— Output: a parallel program ﬂ

#include<pthread>
int pSum,__initpSum; __thread int __pSum;
int pCnt,__initpCnt; __thread int __pCnt;

int pMin,__initpMin; __thread int __pMin;

RV_Pixel Ave(RV_Pixel p,int __thN){
int r,g,b,y;
p.getRGB(r,g,b);
y=rint (0.3*r+0.59%g+0.11%b) ;
__pSum+=y;

__pCnt+=1;

if (__pMin>y) __pMin=y;
p.setRGB(y,y,y);
return p;

}

mutex_t redMutex;

__thN){

mutex_lock(&redMutex) ;

void __Ave(int

pSum+=__pSum-__initpSum;
pCnt+=__pCnt-__initpCnt;
if (pMin>__pMin) pMin=__pMin;
mutex_unlock(&redMutex) ;

}

int main(){

RV_Image* input_img;
input_img=new RV_Image();

//load image data.

//store the data into input_img
pCnt=0; pSum=0; pMin=256;
__pCnt=pCnt;

__pSum=pSum;

__pMin=pMin;

__initpCnt=pCnt;

__initpSum=pSum;
input_img->reduction(__Ave);
input_img=input_img->procPix(Ave,4);
pSum=rint (PSum/pCnt) ;

return 0;

A2 JO000O0OOOOOOOO

e A program written with RaVioli

void CompFrame(RV_Pixel* Pnew, RV_Pixel* Pbfr){
int r,g,b,br,bb,bg,ar,ag,ab;
Pnew->getRGB(r, g, b); Pbfr->getRGB(br,bg,bb);
ar=abs (r-br) ;
ag=abs (g-bg) ;
ab=abs (b-bb) ;
if(ar > 77 || ag > 77 || ab > 77)
Pnew->RGBabs (255,255,255) ;
else
Pnew->RGBabs (0,0,0) ;
}
void FrameDifference(RV_Image* newFlm, RV_Image* bfrFlm){
newFlm->procImgComp (CompFrame, bfrFlm);
}
int main(){
RV_Streaming video;
video.setParam(3, 7);

video.SetStreamProc (FrameDifference) ;

\}

-

e A program written with only C++

int main(){
int ar,ag,ab;
for (; ;FrameNum+=ST) {
newFlm = readFrame (FrameNum) ;
for(y=0; y<newFlm.H-SI; y+=SI){
for (x=0; x<newFlm.W-SI; x+=SI){
ar=abs (newFlm[x] [y] .R - bfrFlm([x] [y].R);
ar=abs (newFlm[x] [y] .R - bfrFlm[x][y].R);
ar=abs (newFlm[x] [y].R - bfrFlm[x] [y].R);
if(ar > 77 || ag > 77 || ab > 77)
newF1lm[x] [y] .R=newFlm[x] [y] .G=newF1lm[x] [y] .B=255;
else
newF1lm([x] [y] .R=newFlm[x] [y].G=newFlm[x] [y].B=0;
}
}

bfrFlm = newFlm;
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