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Fast Rate Distortion Optimization Algorithm
for H.264/AVC

Se Il Shin

Department of Image System Science & Engineering,

The Graduate School, Pukyong National University

Abstract

H.264/AVC is video image international standard that has superior video
compression performance to conventional video image standard. H.264/AVC
uses new technologies to 1improve encoding efficiency. Various inter
prediction block modes and intra prediction block modes and rate distortion
optimization algorithm among new technologies decide the best block mode
from them. It greatly improves a bit rate but increases an amount of
computation of H.264/AVC. This paper proposes fast rate distortion
optimization algorithm and optional intra prediction algoritm in
H.264/AVC. Fast rate distortion optimization algorithm omits to compute the
optimization cost by predicting it from the cost calculated for motion
estimation. And optional intra prediction algoritm in H.264/AVC omits
intra perdiction to using image complexity and best inter mode and
predicted motion vectors. The simulation results show that mix up two
proposed algorithm, on average, keeps about 959 of a bit rate gained by
the rate distortion optimization while reduces about 50% of computation

added by it.
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Cost(Mode )= SAD+ SAD,

SADox= AFst dtetu|HE o] &3 fAbst AL 9

HES Abgstel et Hih

¥ 1. Low Complexity Mode (RDO-off)

il

(7)

shgrat dH A B <

. ap ATotal time ASNR Y Abit rate
S1ze sequence
q [sec] [dB] [kbits/s]
2 —47.90% 0.07 11.30%
iy 32 —45.68% 0.05 8.62%
contamer + g ~43.89% 0.13 953%
40 —42.74% 0.22 7.83%
2 ~18.87% 0.14 7.46%
[C 32 “46.71% 0.05 6.06%
36 “44.87% 0 551%
40 —43.37% 0.04 6.48%
QCIF 28 “A754% 0.12 7.96%
oo (a2 —45.04% 0.13 6.84%
36 —43.02% 0.17 7.15%
40 —41.65% 0.18 10.24%
2 —48.37% 0.18 653%
scilent 32 —4558% 0.02 5.86%
voice 36 ~43.43% 0.04 5.29%
40 ~41.88% ~0.01 5.16%
2 —~927.95% 0.16 5.94%
paris 32 ~94.89% 0.08 5.65%
36 ~23.25% 0.06 7.20%
40 ~22.03% 0.13 10.14%
2 30.35% 0.04 4.79%
CIF " 32 -2754% 0.1 7.16%
mopile
36 -95.06% 0.19 12.09%
40 ~22.93% 0.36 19.89%
2 —2752% 0.03 7.01%
tempete 32 ~94.84% 0.06 858%
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H 36 -23.13% 0.16 11.21%

40 -21.57% 0.25 15.04%
¥ 1o4] ATotal time, ASNR Y, Abit ratex= 2zt dA 39 A7 3=

Ho SNR, HE&e] tatel &-9F AHAE AsRYL BE E
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Totaltime 2
ATotaltime = —_RPO—olf _11x100 [%] (8)
Totaltime ppo— on
ASNR Y= SNR Yrpo-orf = SR X VAN A d5 9)
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Abit rate = ( C__SR0soi o il (10)
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Sl gEAE 5 BAEE e 2 938 F 54 2 A%

MV_costsh RD_costel AH§HE 9% A 478 §50] B 2ol 7k
MR BT 249 wEHe Bl
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H-g gesolgtn & 4 9o, AFgte] UHI AAAAE JMH L 9l

o & o e

]

1.2. Agtste ¢

U AFF Xl RD.costet MV_cost7} LA HAAAE 71A 3 Tt
H, MV_costE o] &3t ALl v2] RD_coste oS53 4 Uthd o] o
S8 #e IR o] &= FHH 7HS ASAHCE T 5 UL
O Ade &-d5 HASE Qls 7S R1FAn e EREE =Y T
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% me 27 RESY @ vaedts £re 46 Teadd §

ojlorm g A HluE mode 1, 2, 3, 8& H| L3} T}

¥ 2. & 1~3, 89 tig MV_cost¥} RD_cost, Best_mode

mode 1 mode 2 mode 3 mode 8 best mode
MV cost] RD cost |MV cost] RD cost JMV cost] RD cost | MV cost] RD cost

837 3162.546 603 3496.965 462 3746.965 411 4777.220 1
527 1057.418 317 1402.837 277 1402.837 237 2266.383 1
1734 | 9339.418 1209 | 9684.837 791 8944.255 600 9439.220 3
1679 | 7716.418 778 7192.255 1006 | 8061.837 543 8228.802 2
1484 | 5710.546 758 6376.674 595 6327.333 373 7494.639 1
2201 | 10057.128 988 9539.255 1158 | 9249.255 730 | 10744.220 3
2293 | 10716.092 1259 | 11451.766 1111 11740.220 693 11650.639 1
1325 | 8001.674 493 6956.929 700 | 10139.348 315 7865.057 2
1412 7832.965 812 7777.092 686 7029.383 325 7272.220 3
1689 | 7728.128 855 9006.802 1065 | 8883.965 603 9492.8%4 1
2468 | 11940.128 1125 | 12466.255 1200 [ 11623.255 630 12983.220 3
1697 |11338.128 845 11654.766 473 12469.383 285 12635.731 1
3597 |22933.979| 1832 |23387.079 | 1593 |22763.277 709 | 23522.724 3
1804 [11385.128 536 | 12936.092 819 [ 12651.348 281 12671.440 1
2107 | 12567.731 1086 | 124338.674 724 13333.929 522 12404.639 8
3604 | 22928.547 2127 | 25406.710 2315 | 25725.35%6 1313 | 23122.129 1
5094 [34035.866 || 2353 |34446.313 | 2142 [33966.030 | 1099 | 32990.576 8
4448 131358.703 || 1968 28589.072 || 2014 |30269.873 | 1067 [29578.576 2

e 7 2 =9 MV_costE &5 =Z7]o uw}
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ek 2Ade T HAsE ¢ e o] g2 RD_costo] BEFS =3
grol "vh. a1 Ao wel AHgHoew &-d HA}E IS
T Atk £ FdAE GatstE MV_costs ol &3 A4 &-9d= 43

Mode 1~3 ME/MCe Mode 1~3, 8+ Best mode+
N Mode 4~7 ME/MCe N N
(Z+ Rt ¥ Ship mode+ 230
{ ZhalEL T
MV _cost &)« ] Intra mode«
MV_cost &)«
RDO 3o
v
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RDO =+3He
v
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Mode 8«
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& e
MEMC ) £3 8 2F/ 850

29 7. IMAAY £H9 34 R

N

5, AFTAJ -9 HAS ool e A7 MW EREZT &9

3 HAsE 7389 mode 8% At UH A FH RES T &-9f

= HASE oA FPEA " aYER Akbets dagsE 14, 23

Airstel 12, 22, AE¢H &-dF HAHs MWor o] 88

o} AloketE dagl 5o -4 16x16, 16x8, 8x16 719 7FH B0 e
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ol MV_cost 472 7t 2 & JMe Fxo] wg} MV_cost 475 7H2] 1
2 AF3tE 3stal o]= RMV_cost 472 W3 1 32 A= 15
a -9 HHslE Fasch MV _cost 472 A Fshs ofgle] e <
&l Alte o

number of pixels mode4

RMV _cost, , =MV _cost, , x
number of pixels mode4 ~ 7 (11)

8x8 =A7|e] 7hH EF2 &-d=5 HAsE FALH FAol RMV_cost 4
£ vy T3t & VMH E5E5S &9 A3 ol RMV_cost 4
9} RMV_cost 572 Hlalst3L RMV_cost 4X .t & A f-ol&E dd 78 &
%9] RD_cost® 8x8 Z7]¢ 7} E=8] RD costhth & Ao= Huts}
o &9 HAIE A= o= =9 RMV_cost 572 F7F RMV_cost
42T AYHAE mode 5-79 EElE &9 A st= A=FElal mode 8
8x8 Z7|¢Y 7t £F 4/4E o]FolF & = A4d8d. 13 At
2 E-df= HA3E W mode 8& EABT FHol= 22 Farske}t 23 A
A &-d= HAHstE FdIH. 23 AFsk= MV_cost 133 mode 8¢
A #HA RMV_costell thall =€t 23k B3t ofef o] 2ol o3 7
AHE T

f
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e

number of pixels model

RMV _cost, ;o =MV _cost, ;4 ¥
’ ©  number of pixels model ~ 3,8 (12)

o] wl MV_cost s= mode 82 ZAE uw XAeg¥ RMV_cost T ZH&
RMV_costE AF&3}™H number of pixels mode 82 8x8=7|= 12} A 3}t

_25_



] RMV_cost
RMV cost 1Htt & AL g 714

RD_cost®.t} &

_26_

17 RMV_cost 2,3,8% H]
£ 29 RD_cost= mode 1¢]

AefstA dh o] o



Get MV _cost;..~
v
Compute RMV_cost, .-
Y
RDO for mode 4.

Nof
5 Skip RDOw

RMV*cost JRMV _costg_

Carry out RDO«~

Skip RDO~

!

Determine beast inter

a¥ 8. Atd 1

4

&-9% 253 FueE

_27_



N

2. AEg3 JAEZF 4

|
—~

A

il

X
i

7o

"o

¢l I-picture

)
1]

A

A

F2 b
o]

b

)

%

oz ALgA}

AH

j
a-

= P-pictureo] A

g ALgte] o33

A

H.264/AVCel A= =z

K

G

g
ey

oH

el
A

o)

il

g ==

9]

3ol

&

H.264/AVCell A

Sha gk

HE o Zahs

= O
= =

P-pictureo| A A &5 += JEZ

Zhell s

2

]_7“ %]—/]_‘[14—151

% 2713

U]

-
1

il

ad

Wr
i

goll

o}
N
w5

§% mo oy e

A8

Y BYE

2.1.

W7l skl s yEkd

A}

%

B3 % (Image Complexity) @

)

H ol= AAAM (Edge)d

—
fite)

%

ol

Nro

A f

)

A7 2w

o
-

oz 72 stagel 3

A&

Aol = FAET

73 ©]

Ad 7hs

-
1

[e]
= 7

Fol @

Taylor series expansion

A olm] S =

=3

KeX
=

-
1

o= g #A

=

_28_



-

1

(13)
=9 IC

=

Taylor series
=]

=R

st

oln] s

=

<

9% 2

A B

stk

o

1

o

R

s 7k
EEAAE 16x16 2719

)

Laplacian, Roberts, Sobel®} #Z-& 77
| () — f AL )|+ G = f (x,y +1)

oA f(x,y)

-

IC(x,y)
/y]

o=

expansion®] <]
=

o =2 A

219

o oE M
773
NS
S P
T oW
X — O_E o
TR Mw
Jo R ,,1%
o< E
o
._—Iopﬂ ﬂ” ,W;L o
o e P
- <
N W el
N ® o
T OOT M L
W % B )
_._.; - IET) =
o Noww
o o o Zﬁ
T o Fm T
= LN el
o o e
B T ow
3} oo BT
| wo < gy
A o0 %W
S
NF
™

_29_



o,
e
SN
ro
o2
X
3
k.

= sdol o F& ZlheAol JoH, stEo] o
TS A5 AT FH Rz AgEoA dA stde xol5A do. §HA
T JIEZ o5 H331E Popictured A8 45 dade ER=TF G

& S7hske 2 @il AVIA #Hu. &AM /IE X0l JED 9= 7353

S HA8E Aol vl a0l wer Ax ARe] FuF g-sF H%
32 Fagsjor sk = (3% 16x16 43 + (3]

8x8 43]] = Atel ola) el 5923l o) &% HAA sk o] 7oA B
oh A AA =Y Al QJEZ o3 Rrvh AHor MdsiE AL o}

o ; 3lMet 2ol FEAo %ALY 5

k1
W~
b
i~
©
o
o
—
oD
=
b
x
)

ol
e
oft
y
)

>
o
11

o
fu
52
)
rlr
S,
ftlo
1o
S
%2,
)

1. O

_30_



¥ 3. QP ¥ JE# 9= 2= HAdY A

QP
25 30 35 40
container | 166 | 1.69% | 167 | 1.70% | 157 |1.60% | 117 |1.19%
news 124 11.27% | 151 | 1.54% | 177 |1.81%| 193 [1.97%
foreman 664 |[6.77% | 658 |[6.71%| 684 |6.98% | 586 |5.98%
silent 395 [4.03% | 409 |[417%| 444 |4.53% | 512 |5.22%

seqguence

¥ 38 QCIF =719 %4 container, news, foreman, silent voice®| TtH 3l
IPPPE Ef 2] 100 frameol 4l QPEE A WA I-picture= A3+ P-picture

A4 GET 6= mesh HHom MY 4B Uehyglon, 9o
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AL & F o} carphone¥ stefan®] 749 AEZ o F Bv A H
G mag B2 gi HAgE P a8x #e F9o 9k Arz e
U mobile?] A$+= 3% A== YERY 1]

39 QED o =AY A5yl Be 4

E 4 A% BEY FHo BE A2 BSY 9¥ BPE

carphone nobile stefan

inter mode intra mode | inter mode | intra mode | inter mode | intra mode
avg compexity 127.2 2436.31 9665.61 337.5 8941.85 4073.18

22T H264/AVCOlA o2 744 @7)e] 7w BES o] gk £19
24 9 BAL &2, VET o3 R53 A 4xd9h 16x1602 B2 1}

AE= Zlolr
T2 ousittns & F Qrt. = FHA 9 2 7} mode 1-39 745

e Az 552 Gt ddolgta & ¢ 3o, mode 89 A=
ek @Aelgtal & ¢ ok g BEE A9 QY REo 55 A9
5 A7l BuAATE s TheAel Ak ofd &

59 QCIF =719 94t carphone®} stefanol A QP7F 32¢ w 10 frameol
A JIEZE HAow Adeld wf HA o QE RS FARSe] UERd
t}. carphone® A% 4x4 =719 QAEZ RE=7F 7, 16x16 27]9 A EZ
=7k 9¥ e e, stefan®] A% 16x16 27|19 JEZ RE=v
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d AE o5 Fo3E H&cta 5% Jdom adHd AER o=
o5 Adete ¢

Fo3tE Agrgt o] uf JAE o F F st A
A G THingathal skal o] F Ao mja= &
g3 -9 AHES 143 71T A 2 lagrangian oTE S£3F weight

S s R @ @S olgate] ofale] A 14sh ol AArETh
TH,,, . = avg complexity, _,+ (avg complexity,_, X weight) (14)

219 2ol A avg_complexity; 1= ©]d T A Hit G BEFEE on]st
i1, weighte lagrangian <12 AHS &83 7tEX=2A4 4 169 2

ol Aite .

2[(QP732)/61 AN

5 (15)

wetght =

o

| o oller=32iele jgorangian +e] AMMLS 83 Ao &-dgF
=49 A 71e71Q0 lagrangian ST BE&S WE7] 93 Ao
QPollA 325 wi= 22 A 7P ol AHEEE QPSl 328 Vs o® b
A5 ARt f1gola A AL FES THEX ] AV|E 246
3 AbgETh 2 150 9@ ALtE weight= okl 17 9¢F o] &9
= AR VErE wEE #FES 7HA Ak ol#EA AME THiww
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Iv. 29 49 2 2%

(c) Foreman  (d) Silent voice

=D Mobile
a9 9. 48 94

¥ 6 A9 94 27 £ &4

size sequences # frame | frequency[Hz]
Container 300 30
News 300 30
QCIF Foreman 300 30
Silent Voice 300 30
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Paris 300 30
CIF Mobile 300 30
Tempete 300 30
X7 438 &4
CPU Intel Pentium 4 / 2.4 GHz
Memory 256 MHz
0/S Windows XP Home Edition
encoder JM 9.5
QP 28, 32, 36, 40
Search range +16 (QCIF) / £32 (CIF)

H.264/AVC Baseline Profile
Rate-Distortion Optimization
vetc WPRP

CAVLC
RS, FMO, ASO Disable

gk &-9 = HAsE dFs BI198 P-picturedl A <l

AgstAl gekow, ojuf &-of= HA37F Fo3te] HA
pRbE o] M &S AA|SEA] GotrT] A &-d= HASE A8 AA
S ue} A7IA %S W] AE AT ® 8olA HW &-9f =
A sE A8l wEl ATotal timeo] 7-8% A% Ao]7b vl ok &-
g2 HAstE AHESA Fot: vE M EFE ARl HH4 R=E 4

o AL gersi ol wxol dald &3 AAF JWel AH 8
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vlo] ot

E 8. P-picturedld AEFH o= %53 g0 &-942 Ao g
A3

skip intra in inter / RDO —on skip intra in inter / RDO — off
squence QP [ ATotal time | ASNRY | Abitrate || ATotal ime | ASNR Y | Abit rate
[sec] [dB] | [kbits/s] [sec] [dB] | [kbits/s]
28 —43.34% —0.03 0.95% —50.56% 0.02 11.60%
container 32 —40.99% —0.06 4.38% —48.20% —0.04 8.48%
36 —38.98% —.07 0.33% —46.64% —0.05 8.31%
40 —37.44% w5 0.39% —45.36% —0.07 5.26%
28 —44.04% —0.03 1.43% —51.60% 0.14 8.70%
news 32 —41.92% —.02 2.61% —49.50% 0.01 8.49%
36 —39.55% —0.10 3.31% —A7.67% —0.04 7.74%
40 —38.37% —0.05 3.27% —46.30% —0.05 9.70%
28 —42.46% 0105 1.50% —50.28% 0.10 9.47%
forerman 32 —40.00% —0.05 1.78% —47.80% 0.10 8.66%
36 —37.96% —0.08 1.61% —45.85% 0.11 9.06%
40 —36.45% —0.16 1.68% —44.37% 0.06 11.07%
28 —43.63% 0.00 1.30% —51.13% 0.00 8.08%
silent voice 32 —40.87% —0.01 1.89% —48.52% 0.00 7.39%
36 —38.54% —0.03 1.00% —46.29% —0.01 7.04%
40 -36.86% —0.02 1.13% —44.73% 0.1 1.42%

2t} proposed 12 Z¥E HW % 89 P-pictureol A <IE
-3 HAAHE g Aol vl3)] Total time

&
°F 3-4% AL Fastdern, g2 0.01-005 dBYEe #HAa7E 9lar, v
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E 9 AYSHE A &-94F AH3, 494 A= 93 53} @
ndFe 4%

Total time| SNR'Y bitrate [|ATotal ime| ASNRY | Abitrate

[sec] [dB] |[kbits/s]f [sec] [dB] [Kbits/s]
157.084 35.76 40.50 —46.46% -0.04 1.25%
156.119 32.94 21.54 —44.69% -0.05 0.42%
155,990 30.08 12.27 —42.98% -0.13 -0.08%
155.732 27.47 7.82 —41.62% -0.16 0.39%
155,513 36.52 76.24 —47.42% -0.03 2.89%
154.610 33.46 45.72 —45.71% -0.03 3.02%
154.314 30.52 27.77 —-43.90% -0.10 3.31%
153.653 27.80 17.14 —42.57% -0.11 3.88%
161.414 35.67 134.17 —45.90% -0.07 1.95%
161.101 32.78 77.84 —43.58% -0.08 1.63%
160.846 30.13 48.05 —41.79% -0.12 3.18%
160.735 27.60 29.78 —40.45% -0.17 2.37%
157.292 35.68 85.81 —47.07% -0.03 1.63%
157.083 32.73 51.07 —44.64% -0.04 2.78%
157.340 30.15 29.81 —42.48% -0.06 2.33%
157.705 27.69 17.33 ~40.87% -0.12 2.85%

e
T

size | sequence| condition

container | proposed 1

news proposed 1

QCIF

foreman | proposed 1

silent voice] proposed 1

170.039 35.8 40.13 —42.05% 0 0.32%

containdr {FSROAS P 169.501 32.98 A7y —-39.95% -0.01 —1.12%
169.169 30.21 12.21 -38.16% 0 -0.57%

169.918 27.57 7.8 -36.30% -0.06 0.13%

173.737 36.56 74.78 —41.26% 0.01 0.92%

news | propdhed 3 172.152 33.51 44.99 —39.55% 0.02 1.37%
170.565 30.6 27.25 -38.00% -0.02 1.38%

171.646 27.92 16.68 -35.84% 0.01 1.09%

QCIF
189.821 35.72 132.59 -36.38% -0.02 0.75%

185.832 32.83 77.08 -34.92% -0.03 0.64%
183.623 30.21 46.86 -33.55% -0.04 0.62%
187.367 27.72 28.98 -30.58% -0.06 -0.38%

foreman | proposed 2

18147 | 671 | ean | -s8.95% 0 0.33%
- 45 177578 | 3275 | 5017 | 8741% | 002 | 097%
stientvoice) propose 17560 | 3022 | 201 | 8578% | o001 | —0.10%

SIS IBIB|SSB|R|B|S|B|8|B|S[BIS[|BIS [B|8|B|E (S |R|B|S |88 (B[S

177.04 27.8 16.81 -33.62% —0.01 -0.24%
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£ 10. Aetste ¢nYF ¥F H8& 2

) - Total time | SNR'Y bitrate || ATotal time | ASNRY | Abitrate

size | sequence | condiion | QP | “roo 1| [g] | [koits/s] | [sec] | [0B] | [kbits/s]
o8| 16886 | 570 | 4033 | —4247% | 001 | 08%

conainer | oposed o A 15048 | oe | o1 [ s | oot [ oam

% | 188475 | 3017 | 1204 | —420r% | 004 | -033%

a0 | 17038 | 2763 | 787 | -s6.15% 0 1.08%

28| 17127 | %54 | 7515 | 4200% | 001 | 1.42%

wows | oroposeg o2 6161 | sas | wa | ez | oot | a1

%[ 15083 | 3056 | 2756 | —4201% | 006 | 231%

oF 20| 17100 | 2786 | 168 | s605% | 006 | 218%
28 | 1e0ses | 1 | 13354 | s03% | 008 | 147%

orerman | proposed ol 17588 | et | 7e 3840% | 006 | 1.97%

% | 17143 | 3017 | are2 | s796% | 008 | 225%

| 17774 | 271 | 264 | sa1a% | 006 | 155%

28| 172704 | 72| 501 | 41.85% | oo 0.69%

, , 2 167600 | @74 | 5031 | —4090% | 008 | 1.25%

silent voicel proposed SF= =050 | s0.10 | 2934 | 41.00% | o | 0.72%

sl 173817 [ 2776 | 1698 | sae% | <006 | 077

o8| 1916008 | .38 [Lasasr | 213% | 001 | 021%

, 2| 18715 | @23 | erior | 2061% | 001 | 037%

paris | proposed 81 ero00n | 29.00 | 4614 | —1967% | 0. | 0.20%

40 | 1856.266 | 2668 | 7042 | —19.43% 0 0.55%

28 | 2005508 | 3369 | 180927 | —220% | -0.02 | 0.08%

oF | movie | roposca a2 20946 | o | ewate | tooe | o | ooew
36| 1951.406 | 2688 | 39819 | —19.06% | —0.08 | 0.15%

40| 194825 | 2400 | w4 | —17.47% | 002 | 040%

28| 16205 | sa62 | 130668 | 2022% | -0.01 | 024%

emoete | oroposed a2 16225 | s1e2 | eas | oo | oo | oem

% | 1e06812 | 284 | o2 | 1818% | 002 | 091%

40| 1584513 | 2584 | 14877 | —182r% | 008 | 1.18%
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