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Abstract

In this paper, we propose a complexity reduction method of sample adaptive offset (SAO), which is an in-loop filter in
high-efficiency video coding (HEVC). In the conventional SAO, an offset value is calculated for each coding tree block (CTB) to
minimize the error between the original and reconstructed images. In order to determine the optimal offset value, all offset candidates
are examined and the offset value that leads to the smallest rate-distortion cost is chosen. Thus, SAO occupies a significant amount
of the computational complexity in the HEVC encoder. In the proposed method, we determine the least-used band (LUB) by
considering the statistical characteristics of offset values and without processing the offset value included in the LUB. Also, in the
offset value decision stage, we check only a certain number of candidates rather than all of them. Experimental results show that the
proposed method reduces the encoding time by approximately 8.15% without yielding a significant loss in terms of coding efficiency.
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Table 1. SAO filter type

Index SAO type
0 Not use SAO
1 Band Offset
2 Edge Offset
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2. Band Offset (BO)
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Fig 1. Example of band offset
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Fig 2. Frequency of band usage
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Fig 3. Band restrict algorithm flow chart

WE 9 EAS A5hE LUBS B4 Helg mesh ?4_
A3k A3 Y WA RFes} omy g 19
& 3 AV ek @ o7 LUBE HI2E 332
O G AP AN} e WMER B,
LUBSY s1331 92 Aol vle) A o4 ke

= AF9- h‘zfz g Akl
Saate TpgolAn HAe)
31 2 Fohi] A 2 e WA v
e Axs)H ok itk o] FA oA YE 03A1-J,1r o;m]o]
cald Bl g Aol
gtk 2 Hoxe Q29 HIWE 95 =27 ] =7 tﬂ§]~
g EHN BT E Zole WS
FesRs FgolA vlg gk A4sh BT R Pyt 2
A5 AZ gGAate] zjolE Hk

oleg AL WEHog £ HE v et
A2 W7} Tobd ol 9FS vld & ok MzeE
o H @ B2 NEES Zol7] 95 & ST 27 P

& Area

ga& AXE H8 k, s(k) 22 x(k)E A4 HMEY
A, L Fde] AE, AAE A AT 2z HME
2 A3} ke CTB Wl e AZ gatolet & uj A4
g A AFE QIAM AME g dE FdHe] daE
ol v 22 Aoz Aogith

= \__
AE e A8 AE °§*0T+91 Z}Ole Ol*%H 9H—T1—%a



£AF 9] 290 : HEVC SAO QIEZ RE 034 3t 24¢ 53 24% 72 350

(Ji-Hun Mun et al. :

she 349 22 4 ()3} 4By Aol
A8 AEAHoR AHY Q1A g 3] AT MEG

AD= Dp()sf Dpre

=Y (h*—2n(s(k) —z(k))) "
keC

= Dint =203 (s(k) — (k)
keC =

2] (@)9A sk)= YE 4, x(k)e B Fgholmg &
of Aol AR sh29) B9l 340 Ho] go] Hiw, o]
Aolg %53 o} E2 AT 4 vk

E=Y(s(k)—xz(k)) (5)

kEC

2 (5)9] B33} 03} EZ 0|43 4 ()2 A gL
I} o] Ao 4 Sl

AD=Y 1?20, (s(k)—

kEC kEC ©6)
= Nh®—2hE

2] (6)91M C= 3k AEE, N2 3k A C Uy 84
FE ougth 4 ()9 gk HlEE ke 4 (D)l ol
A5}e] HA] @I S Zroldith

ANJ=AD+ AR )

A9 03 7S Rohhy] ) LZAL WA
WA Fg A ulg g M uhe] QI ghe Ak
o e 4T 9 gk, 4 (I h g2 94 2]
2 37} B RaAATIRA HEge Z4e 18R
S AP e VA AFES ook 3t o8 5
o B30 AT he) ST 21F 19 A3 b
o] 074 7K WE hel thsh BRI S
AN e B4 21 R S AL o
Wgcﬁl/ﬂ 1E 99 b ) 52 271 0]

Complexity Reduction of HEVC SAO Intra Modes By Adjustment of Offset Values)

"3-‘3— H] 1

AAE S8 Abe HS

M 1109l F&H. AteE W ol a83 S3]

13l 470 ] Fef 2ol X 22t 274 G

gom, v 22 i E0A A4S I
GA A= Windows 7 64bitE AFE-319 1, AL 32GBE
AFEglom, Aulde g Q1o]= Microsoft visual studio

2008 C/CH& AFE3H T A3 Al 22, 27, 32, 37
AHE- 0™ All-intra EEo A1F 4 ifj%
Ro} o) HE REE ARE A STt FE540] ﬂ
A FEAED 7] i 45 E85 3

E

o

[¢]

r-lo M do ro

=Y &k
ATk o] T 71x] Hbe P Y3} B Y Y-S AE-Ele]
Fosht Bost #3% o T Ze o] Fxsokehe
Fdol AE W7tA o] AAAZEES 7HAA Et B =

drE = A4S 5407 2SS 7] el All-in-
tra ZEO AT A}

AF Ay e 9 A 23] Pgol|A] LUBY x4l
AHS Agksls WS 53 243 A3 2 0.05%2] BD-rate

I'UE

I 2. = HMst{ol BD-Rate &1t
Table 2. BD-Rate results of band restrict method

Sequences BD-Rate (%)
Traffic 0.00
PeopleOnStreet 0.04
Kimono 0.00
BQTerrace 0.00
BasketballDrill 0.00
BQMall 0.00
BQSquare 0.00
RaceHorses 0.43
Average 0.05
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Table 3. BD-Rate results of offset value change method
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Table 5. Performance of proposed method

Sequences BD-Rate (%)
Traffic 0.00
PeopleOnStreet 0.02
Kimono 0.00
BQTerrace 0.01
BasketballDrill 0.00
BQMall 0.00
BQSquare 0.00
RaceHorses 0.26
Average 0.03
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Table 4. BD-Rate results of using proposed methods simultaneously

Sequences BD-Rate (%)
Traffic 0.01
PeopleOnStreet 0.04
Kimono 0.00
BQTerrace 0.07
BasketballDrill 0.02
BQMall 0.03
BQSquare 0.00
RaceHorses 0.47
Average 0.07

Method |
Proposed | Proposed +Method
Class | Sequence QP Method | Method I
AT(9 AT(Y
T(%) Il AT(%) AT(%)
22
) 27
Traffic 2 -2.36 -1.17 -2.20
37
A 22
People 27
OnStreet 32 -1.99 -0.83 -3.2
37
22
) 27
Kimono 2 -16.05 -8.96 -8.59
37
B 22
BQ 27
Terrace 2 -2.07 0.05 -4.66
37
22
Basket 27
ballDrill 32 -4.23 -10.05 -8.93
37
c 22
27
BQMall 32 -9.23 -7.44 -7.33
37
22
BQ 27
Square 32 -14.93 -16.25 -14.07
37
D 22
Race 27
Horses 32 -14.4 -16.3 -19.53
37
Average -8.15 -6.07 -8.56
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