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Abstract

In recent years, the high definition of video image has made progress.
The encoding for compressing an increasing number of data volumes
of video image by this high definition progresses the sophistication of
method and is greatly increasing the throughput. Because the motion es-
timation processing occupies most of the encode processing, the speeding
up was being studied since early times. But the SAD operation instruc-
tion which embedded on the general purpose processor stopped advance
since the MPSADBW instruction of x86 processor and is an obstacle the
speeding up of software processing to don’t correspond H.264/AVC en-
coding. Therefore, in this paper, I speed up the motion estimation by the
realization of the highly parallel SAD operation instruction that is able
to correspond with any the variable block sizes of H.264/AVC.

The motion estimation does the block matching between the current
picture and the reference picture, and calculates the SAD for this block
matching. X86 processor has the MPSADBW instruction as the instruc-
tion of multiple SAD operations. But this instruction is limited to the
horizontal SAD operations and have disadvantages that can’t efficiently
execute the motion estimation of tracking type that is the basic motion
estimation of software processing at the moment. It can parallelize only
three points at a time even if it used the estimation of tracking type which
uses the square pattern of 3x3 which is using for high degree of data reuse
in this laboratory. Hence, in order to solve this problem, in this paper,
I proposed the highly parallel SAD operation instruction set that is able
to parallelize the SAD operations of nine points for the square pattern at
a time, and evaluated its effectivity. In addition, I designed the circuit
structure which executes this proposed instruction set. It is able to speed
up the motion estimation by using this instruction set.

I evaluated the number of cycles that required to the SAD operations
of nine points and the rate of speeding up between the MPSADBW in-
struction of x86 processor and the proposed highly parallel SAD operation
instruction set. As aresult, the performance of processing speed improved

about 4.6 times and it was sped up the motion estimation.
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movin R16

movin R17
hpmpsadbw RO, R18,
hpmpsadbw R1, R19,
hpmpsadbw R2, R20,
hpmpsadbw R3, R21,
movout TO
hpmpsadbw R4, R22, 0 # 8, o0 0OOOO
addcom t4, t3, t2, r272

hpmpsadbw R5, R23, 0 # 10, 11000000
addcom t5, t1, t0, r272
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hpmpsadbw R6, R24, O
hpmpsadbw R7, R25, 0

movout TO

hpmpsadbw R8, R26, 0

addcom t6, t3,

t2, r272

hpmpsadbw R9, R27, 0O

addcom t7, ti1,
hpmpsadbw R10,
addcom t4, t4,
hpmpsadbw R11,
addcom tb5, tb,
movout TO

hpmpsadbw R12,
addcom t6, t3,
hpmpsadbw R13,
addcom t7, ti1,
hpmpsadbw R14,
addcom t8, t4,
hpmpsadbw R15,
TO
t3,
t1,
t6, t6,
t7, t7,
t9, t6,

movout
t3,
t1,

addcom
addcom
addcom
addcom
addcom

t0, r272
R28, 0O
t6, r272
R29, 0O
t7, r272

R30, O
t2, r272
R31, O
t0, r272
R32, 0
t5, r272
R33, 0

t2, r273
t0, r273
t3, r273
tl, r273
t7, r273

addcom
addcom
addcom
addcom
addcom

t10,
tl1,
t12,
t13,
t14,

td, t6, r274
t5, t7, r274
t8, t9, ra274
t12, t12, r275
t10, tl11, r276

15,

17,

19,

21,

24,

26,

28,

le00DOOug

180000

20000000

2000000

25000000

2rgggoon

20000000

0 3.8 16x160 SADODODOO

14
U
0
U
0

gboooooboooooog




© 00 N O O & W N -

N NN DNDNNDDNREL P B B B B 22
O O WN P, O O 00N OO0 W N =, O

movin R16

movin R17
hpmpsadbw RO, R18, O
hpmpsadbw R1, R19, 0O
hpmpsadbw R2, R20, O
hpmpsadbw R3, R21, 0

movout

hpmpsadbw R4, R22, 0O

TO

#8, 9000000

addcom t8, t3, t2, r272

hpmpsadbw R5, R23, 0O # 10, 11000000
addcom t9, t1, tO, r273

hpmpsadbw R6, R24, 0

hpmpsadbw R7, R25, 0O

movout
addcom
addcom
addcom
addcom
addcom
addcom
addcom
addcom
addcom
addcom
addcom
addcom

T1

t10,
tl1,
t12,
t13,
t14,
t15,
t16,
t17,
t18,
t19,
t19,
t19,

t7, t6, r274
t5, t4, r275
t8, t10, r276
t9, ti1l, ra277
t12, t13, r278
t3, t7, r279
t2, t6, r279
tl, t5, r279
t0, t4, r279
t14, ti14, r279
t15, t16, r280
t17, t18, r281
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movin R16

movin R17

hpmpsadbw RO, R18, 1
hpmpsadbw R1, R20, 1

movout TO

hpmpsadbw R4, R22, 1
addcom t4, t3, t1, r272
hpmpsadbw R5, R24, 1
addcom t5, t2, tO, r273

movout TO

hpmpsadbw R8, R26, 1
addcom t6, t3, tl1, r274
hpmpsadbw R9, R28, 1
addcom t7, t2, tO, r275

movout TO

hpmpsadbw R12,

addcom t8,

t3,

hpmpsadbw R13,

addcom
movout TO
addcom
addcom
addcom
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addcom
addcom
addcom
addcom
addcom
addcom
addcom
addcom
addcom

t9,

t3,
t2,
t0,
t1,
t10,
ti1,
t12,
t13,
t14,
t15,
t16,
t17,
t18,

t2,

t3,
t2,
t4,
t6,
t8,
t3,
t4,
t5,
t8,
t9,
t0,

t10, ti11, r285
t16, t17, r286

R30, 1
tl, r276
R32, 1
t0, r277

tl, r278
t0, r279
t5, r280
t7, r281
t9, r282
t2, r283
t6, r284
t7, r284
t3, r284
t2, r284
tl, r284

6, U0 0OOO0

8, ouununono

11,

13,

16,

18,

12000000

14000000

17000000

0000
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addcom t19, t18, t18, r288
addcom t19, t12, t13, r289
addcom t19, t14, t15, r290
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movin R16
movin R17

hpmpsadbw RO, R18,
hpmpsadbw R1, R20,

movout TO

hpmpsadbw R4, R22,

addcom t4,

t3, ti,

hpmpsadbw R5, R24,

addcom tb5,
movout TO
addcom t3,
addcom t2,
addcom tO,
addcom t1,
addcom t6,
addcom t7,
addcom t8,
addcom t9,
addcom t9,

t2, tO0,

t3, ti,
t2, tO0,
t4, t5,
t3, t2,
t4, t3,
t5, t2,
t0, ti1,
t8, t8,
t6, t7,

r272

r273

r274
r275
r276
r277
r278
r278
r278
r279
r280

#6, 7TUDODOOO

#8, 9000000
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movin R16

movin R17

hpmpsadbw RO, R18, 1
hpmpsadbw R1, R20, 1
movout TO

addcom t3, t3, t1, r272
addcom t2, t2, tO0, r273
addcom t1, t3, t2, r274
addcom t0O, t1, t1, r275
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A 0000000 (mjpegtoolsd )

A.1 mjpegtools0 OO OOMOMO

mjpegtools 01 Ox264 00000 YaMOUODOODOOODOODOODODO
oboobobobon

e mjpegtools 0D DO O00O0O0O (mjpegtools-[0 000D ONO
O0].tar.gz) 0000000 DOO0OO0O0OOODODOO

— http://sourceforge.net /projects/mjpeg/files/mjpegtools/
e IO UODDO mjpegtools 1 DD IODDDOOOOMO

e 100000000000000000000000000000
000000Rx860000000000 mouled0]0000O0O
0ooo)

— ./configure --prefix=/home/username/mjpegtools (0 O
O00000000ooooooooooon)

— make install (00000000000 DOOOOOOCOOODO)

e /home/username/mjpegtools/bin/00 O ppmtoydm O 0 00000
goodoooooooobobod

A2 0O0O0OO

e cat *.ppm > input.txt (PPMODOOOOODO 10000000
0000)

e ./ppmtoy4m -o O -n 500 -I p -F 25:1 -S 420mpeg2 <
input.txt > output.y4m

e ppmtoydm 0000000000 (DODODOOODODOODOODOO
O000000ooon)

-~ —: 00000000000
- -n: 00000000
~ -F:0000000 (fps) 000

gboooooboooooog



B
B.1

x264 0000

goboon

x2640000000000 (last_x264.tar.bz2) 0000000
obobooboobog

— http://www.videolan.org/developers/x264.html
bbb x26400000000D0O0O0O0OO

gbboogbooboobobobboogbbooboboobood
gooogg

— ./configure --prefix=/home/username/x264 (0 0000
O000O000U0oOoooooooOoUoouoooooon)

— make (x264000000000000DO)

— make install (x26400000000000000000O0O0
ooooooon)

/home/username/x264/bin 00 x2640 000000000000
gbobobooagn

Jeonfigure 0 0000000000000 O0OOODOOOOOOO
OyasmUOOODOOOO0OO0O0ODOOO0O0OO0DOOOO0O0OOOOOO0OO0
O0000000000000000 (--disable-asm) J 00000
Jconfigure DO OO ODODOODOOOOO

Found yasm 0.7.2.2153 <- 0J0O0O0O0OOOO

Minimum version is yasm-1.0.0 <- OUOO0OO0O0OO0OO0OO0OO0OO
If you really want to compile without asm, configure
with --disable-asm.

godoobbboooobobbobooooodyassmOOoogoon
O Oconfigure 0000000000 0O0O0ODOOODO ./configure
Oobooboboon

— 000 : AS="yasm”
— 000 : AS="/home/username/yasm/bin/yasm”

gboooooboooooog



B.2 OO

0000000000000 (@00o0ooooO0o0ooooooOoo
Ooooooog)

e ./x264 --psnr --partitions p8x8,p4x4,b8x8,18x8,i4x4 -o
output.264 input.y4m

C yasmUOOGOoOQOo

e vasm OO O OOODODOOODO (yasm-[0ODOOODODODOO] . tar.gz)
guooooobooobbobboooooo

— http://yasm.tortall.net/Download.html O O [Source .tar.gz|
o OO UIOOyasm OO OO OOOOOOOO

e O UUODLDUOODLDDOODLDODLDOUODLDDLOOODLOOODLDOOO
gboogo

— ./configure --prefix=/home/username/yasm (0 0000
O000000Uoooooooooon)

— make install (00000000000 OODODOOOODOO
ooooo)

e /home/username/yasm/bin/0 0 yasm 000000000000
goodooooon

gboooooboooooog



