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Abstract YW
Multi-core processors have become the dominant marke re,nd bec Q@y provide
a great opportunity in increasing processing perf e by jiting various
parallelisms. In JPEG (Joint Photographic Experts )“comfpressidn, color space
conversion is one of the major kernels known a puta nallyyéxpensive module.

This paper presents a fast solution for color spa nver multi-core parallel

computation. For this purpose, we utilize T ing BUI| ocks (TBB), a runtime
library based on C++, and OpenMP (©Op Iti- pro g) a shared programming
language. A RGB image is transforme fﬁ% Iumln rommance color space such
as YCbCr. The implementation re (%s

WX{ raIIeI implementations achieve
greater performance improve dlng @é ng speed compared with the serial
implementation. &

Keywords: JPEG, Colo@onverswo@\eading Building Blocks, OpenMP, Parallel
Programming, Multie o@rocessor

1. Introduw \&
JPEG [1] es p ignificant role as a still image compression standard in

multimedia application G is designed for compressing full-color or grayscale
images of natural, re Id scenes. Being a popular lossy mode of image compression,
JPEG has extensi een used in almost all sorts of digital device including the mobile
phones, tablets handheld computers. There are several modes defined for JPEG
such as ba?b%g, lossless, progressive, and hierarchical. The baseline mode is the most
popular pporting lossy coding only. Although the popularly used Baseline JPEG

n@ an easily be performed by the powerful processors, still the small devices of
soma

le processors suffer a lot from encoding or decoding a JPEG image because of
omplex computations required by Baseline JPEG [2, 10].

In JPEG compression, color space conversion has become an important role in the
image acquisition, display, and the transmission of the color information. However, this
is known as a computationally expensive step. Figure 1 shows the basic JPEG
compression method; it can be summarized into the following: (1) the image is separated
into three color components; (2) each component is partitioned into 8-by-8 blocks; (3)
each block is transformed using the two dimensional DCT (Discrete Cosine Transform);
(4) each transformed block is quantized with respect to an 8-by-8 quantization matrix;
(5) the resulting data is compressed, using Huffman or arithmetic coding.

Currently, chip multiprocessors (CMPs) architecture has become the dominant market
in desktop PCs as well as mobile devices, in which there are two or more execution
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cores within a single processor. Execution cores have their own set of execution and
architectural resources. Depending on design, these processors may or may not share a
large on-chip cache. Under this circumstance, exploiting and managing parallelism has
become a central problem in computer systems [3, 11].

Colorspace
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l

oer Lol Color Entropy Decoding Compressed JPEG °
Quantization (Huffman) Image

Figure 1. Basic JPEG Compression Method 62

parallel languages [4, 11] that allow programme
efficient manner have been introduced. For exa

ite p I : de ina qgick and
|nte|‘s\tFI ced TBB [5, 12], a

C++ library, for desktop-shared memo aIIeI prografnming. TBB provides
programmers with an API used to exp10| rallelism % gh using tasks rather than
parallel threads. Moreover, TBB uses ste li duce the load imbalance and
improve the performance scalabill(qg n|f| lowing applications to exploit

the un g CMP characteristics (i.e. number

concurrency with little considerat

of cores) [6]. Another paralleﬂ%uage is O en [7, 13] which is an API (Application
Programming Interface) for multi- platf hared-memory parallel programming in
C/C++, in which all thre n acce and shared memories.

In this paper, &crlbe implementations of color conversion, a
computation inte %@ ignal-prgessing algorithm that is widely used in JPEG
compression usmg lehprogramming technologies on multi-core CPU. The
program for % orming age into a luminance-chrominance color space such as

YCbCr is impfe ented@ Intel TBB and OpenMP. The performance evaluation is
made by comparingb execution times with and without parallel programing

technologies
The organizah’@ this paper is as follows. In Section 2, two parallel programming
languages &f TBB"and OpenMP are reviewed. Section 3 introduces the background of

color spa ersion. In Section 4, the experimental results will be discussed; finally,
the co n will be addressed in Section 5.

Zﬁkg round

2.1. TBB

The popularity of multi-core CPUs requires tools enabling easy and quick parallel
coding with the form of parallel runtime systems and libraries that aim at improving
application portability and programming efficiency. TBB is an open source runtime C++
library that targets desktop-shared memory parallel programming.

TBB provides programmers with APIs used to exploit parallelism through the use of
tasks rather than parallel threads. Moreover, TBB is able to significantly reduce load
imbalance and improve performance scalability through task stealing, allowing
applications to exploit concurrency with little regard to the underlying CMP
characteristics (i.e. number of cores) [8]. Because it is a library, not a new language or
language extension, it integrates into existing programming environments with no
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change to the compiler. An additional advantage compared to depending on a language
or extension for parallelism is that most programmers can more readily modify a library
than a compiler. Hence, a library permits more rapid evolution and customization [9].

const size t L = 150;
const size t M 225;
const size t N = 300;

wold SerialMatrixMultiply( fleoat c[M] [H], float a[M][L], float
b[L][W] ) {
for( =size t i=0; i<M; ++i )} {
for( =ize t j=0; j<N; ++3 ) {

float sum = 0; °
for( =ize_t k=0:; k<L; ++k )
sum += a[i] [k]*b[k][j]:

CIA119] = sum; Y’
W&

Figure 2. Serial Code Block O@I’IX iplication
The code blocks in Figures 2 and 3 show age Qf ith matrix multiplication.
The former shows its serial ver5|on a latter the sponding parallel version,
which uses blocked-rabge2d to speci |tera io ce. Header starts with #include

e2d enables the two outermost
The parallel for recursively splits the
arger than 16 x 32. It invokes

“tbb/blocked_range2d.h” statem blo
loops of the serial version t be ra lel |
blocked_range2d until igces are 10
MatrixMultiplyBody2D:: o%ator() o%
incias “'&’} 4)
using na.meQe b
const 150: Q
constQgize/t M

const =1ze_t N

5

class MatrixMu ady2D {
float (*# H
float v &) [M]:
floa y c) [H]:

id operator(]( const blocked range2d<size t>»& r ) const {
loat (*a) [L] = my_a;

float (*b) [N] = my_b;
float (*c) [H] = my i

for( size_t i=r.rows().begin(); i!=r.rows().end(); ++i )} {
for( size_t j=r.cols().begin(); j!=r.cols().end(); ++J ) {
float sum = 0;
for( size_t k=0; k<L; ++k |

sum += a[i] [kK]1*b[k][3];
c[i1][3] = sum;

MatrixMultiplyBody2D( float c[M] [N], float a[M][L], float
bIL]I[N] ) =
my a(a), my b(b), my_c(c)
i}

woid ParallelMatrixMultiply(float c[M] [N], float a[M][L], float b[L][N]){
parallel for( blocked rangeZd<size t>(0, M, 16, 0, N, 32),
MatrizMultiplyBody2D(c,a,b) ):

Figure 3. Parallel Implementation of Matrix Multiplication Using TBB
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2.2. OpenMP

OpenMP is an API for multi-platform shared-memory parallel programming in
C/C++, in which all threads can access global and shared memories. Figure 4 depicts the
operational block diagram of OpenMP, in which a process can be divided into several
threads and programmers can control the number of threads. Optimal performance
occurs when the number of threads represents the number of processors. Here, a master
thread exists to assign tasks to threads, i.e., fork-join. Fork-join time increases when
there are more threads than processors.

Moreover, data can be labeled either private or shared. In particular, private data are
visible to one thread only, while all threads can spot shared data. In practical programs,
local variables that are about to be parallelized should be private. Additionally, global
variables must be assigned as shared data. OpenMP requires a compiler. Mox/ﬂ'
today accommodate OpenMP. Numerous benefits exist to using Open
preservation of serial code, simplicity, flexibility and portability. Nevert sg szHCIt
synchronization remains an issue that needs to be addressed {8

Recently, many multi-core processors with common\{%che ha mtroduced
The advantage now is that we could execute dlﬁ@ in se processing
elements and the communication cost between th@ s would b ry less since they
share the L2 cache. Another advantage of havin Itiple4gores As that we could use
these cores to extract thread level parallell in a programYand hence increase the
performance of the single program. . \%

g\\@

______ Set of ex table
______ mstr

| Stack

{1)speaiyl
(Z)spesuyL
(U)speaiy]

shared variables

Q\ Shared memaory for

@ Figure 4. Operational Block Diagram of OpenMp

3. Color Conversion

Color spaces are three-dimensional and images are formed on a computer monitor or
television by combining red, green, and blue, which is known as the most common kind
of color space, the RGB space; while three- dimensional space of YUV is adopted in the
system of JPEG compression.

In order to achieve good compression performance, correlation between the color
components is first reduced by converting the RGB color space into a de-correlated
color space. In baseline JPEG, a RGB image is first transformed into a luminance-
chrominance color space such as YUV. Therefore, YUV signals are typically created
from RGB source. Weighted values of R, G, and B are summed to produce Y, a measure
of overall brightness or luminance. U and V are computed as scaled differences between
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Y and the B and R values [4]. Defining the following constants: W=0.299, Wg=0.114,
W= 1- Wg - Wg =0.587, Uy =0.436, Vyax =0.615; YUV is computed from RGB as
follows:

Y = WxR + WG + WyB
B-¥Y
U = Uygey,,- ¥ 0:492(B —Y)

1)
R-Y _,
V = Vitar e 0877(R—Y)

The resulting ranges of Y, U, and V, respectively are [0, 1], [-Umax: Umaxl, @nd [-Vvax, Vmax]-
Inverting the above transformation converts YUV to RGB:

[}
R=V+V Ry A\)
oLe7T

Mox

C=v— UW;g"l—ng]' W (1-Wg) 6?
UM axWe VM axWi
_y 02320 034 4% (2
- 0.587  0.587
=¥ —0.395U — 0. 53 l\)
B=V+ Ul YE _
UM ax

Equivalently, substituting values for the mn@& d expr them as matrices gives:

0.299 @53? 114 R
0.435 ]G] 3)
,i 051 —0.10001J LB
113933 14
v (4)
Vv

1 =0, 5 {]58050
\, 3211

Another ccQonve the transformation from RGB to YCbCr, which is based on
xXpression:

the following mathem?@'
Y 299000 0.587000 0114000

R 0
C —0.168736 —0.331264 0.5000002 | |G|+ 128] (5)
0.500000 —0418633 —0.08131211LE 128

QY = 0.299R + 0.587G + 0.114B is called the luminance. It is the value used by

e monitors to represent an RGB color. The formula is like a weighted-filter with
t weights for each spectral component. Accordingly, the inverse transformation from
YC,C, to RGB can be:

R 1.0 0.0 1.40210 ¥
G|=(1.0 -034414 -0.71414||C,—128 (6)
B 1.0 1.77180 0.0 C,.—128

4. Simulation

This section describes the simulation environments and results in detail. For the
performance evaluation, the processing time of TBB and OpenMP color space
conversion over its serial one is measured and the unit time is seconds. The result is the
average of a comparison of 300 times using system clock. As for the measured section,
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the loading time is excluded because it is the common stage. Table 1 describes the

system parameters.

The simulation result shows that the average processing time for RGB to YUV and
YCbCr with and without TBB and OpenMP are shown in Table 2. These results are
depicted in Figures 5 and 6, respectively. The performance gain using TBB is about 600

times on the processing speed compared with the serial implementation.

Table 1. Simulation Parameter

System Parameters Value
CPU Intel Core i5-3570@ 3.40GHz
RAM 16.00GB
System Window 7 Ultimate SP1(64bit)
Compiler Microsoft Visual Studio 2012
P Intel Parallel Studio XE ‘@ .
TBB version TBB 4.1 AN
OpenMP OopenMP 40NN \»)
Image Sizes 512 x 512 pw ,(\)
)4
Image Type BMP A N \'

. \ 2 ¢ Go
Table 2. S&&tion R&s%
Py A )

0

0.0004

Excution time{ms)

0.0002

0.0000

e

. A AN
e imes
) A
A 4 4
A
*‘”’0 Parallel E: 0.000763
rogrammii
RGB tz A
hd
Yopered  wi w 0.000255
4 \ ?%3"3 0.000341
\Y AW X
wig Parallel 0.000722
rogramming
Yy
to w/ OpenMP 0.000895
‘b w/TBB 0.000762
® w0 Parallel Programming uw OpentP mw/ TBB

0.000722 0000895 o nop762

RGE to YCbCr
Color space conversion

YChCr to RGE

Figure 5. RGB to Ycbcr Color Conversion Average Time
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Table 3. Simulation Results

Category Times
w/o Parallel
Programming 0.000763
RGB to
veber w/ OpenMP 0.000299
w/ TBB 0.000301
w/o Parallel
Programming 0.000722
YCbCr
to RGB w/ OpenMP 0.000368
[ ]
w/TBB 0.000304 ‘\)

°
®mw/o Parallel Programming mwyf Dpnn@ [ ]
0.0010

0.000763

0.0008

0.0006

0.0004

Excution time{ms)

0.0002

0.0000

HGBm‘:’U'«' YUV to RGB

® ce conversion
. urQy GB s@ Color Conversion Average Time
5. Conclusb

Nowadays, moder, S with multi-core architecture provide a great opportunity to
increase processi ormance using parallel programming. This paper presented an
optimization of color conversions of transformation from RGB to YCbCr and

YUV. For%gurpose, the two parallel programming techniques of TBB and OpenMP
were dis in detail. The simulation results show that the parallel implementations
of JPE r conversion are performed considerably faster than the serial ones.

allel implementation results show the 2.5 times of performance improvements
on Pyocessing speed compared with the serial implementation. Our future work will
include the disparity map computations with real image pairs, which will help improve
OpenMP better than the serial implementation.
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