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The Filtering Method to Reduce Corner Outlier Artifacts in HEVC
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Abstract

The In-loop filtering methods such as de-blocking filter and SAO(Sample Adaptive Offset) applied to the HEVC standard
achieves coding efficiency and subjective quality improvement by reducing the blocking artifacts and the ringing artifacts. However,
despite the use of In-loop filtering methods, the artifacts called a corner outlier occurring at the corner points of block boundaries
are not removed. In this paper, the corner outlier artifacts are reduced by the detection, determination, and filtering processes on
the corner outlier pixels. Experimental results show that the proposed method improves the subjective picture quality and slightly
increases the coding efficiency in Inter prediction.
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A,B,C,D is one of the corner outlier candidates
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If (A-C| > [B-DJ)

If (JA-B| > |C-DJ)

If (JA-B| >threshold && |A-C[>threshold &&|A-DJ>threshold)

Return A;

Else

If (|C-A| >threshold && |C-B>threshold &&|C-DJ>threshold)
Return C;

Else m

It (B-C| > |A-DJ)
If (B-A| >threshold && [B-C[>threshold &&|B-Dj>threshold)
Return B;
Else
If (ID-A] >threshold && [D-B[>threshold &&|D-CJ>threshold)
Return D;



316 W3ers] =R A224d A3z, 20173 52 (JBE Vol. 22, No. 3, May 2017)

2. Corner outlier ZM1}A

T WA FA-L Corner outlier B ZA S Eaf 4L
0

o
Alo] A% Corner outlier artifacts® 2135k A 71

utlier
Aozl oUW AR A e AANXE FATE=
Corner outlier 27 #4®o]t}. Corner outlier ¥4 7742

23] 4L outlier YA L vlZ LE Y 314 FhH Corner
outlier artifacts”} obd F4F W F-<] AA| of A (Edge)7HA
Corner outlier2 2213te] FEF 3t TAHo] AT
4 ok 1Y 32 basketballPass Aol A A A Corner
outlier artifacts7} ©}Y A 5+ Corner outlier 274 74 & 7
A2 %3 BHY FAE T3t outlierZ 2218HA &
of oA 2 Fer(noise)E AT W] AAE YeRH
Aot

= ol

g

12! 3. Corner outlier ZF 2 §10| Corner outlierZ E{2! st

Zej ®, (22%) T =

2% (29)

Fig. 3. Corner outlier filtering without Corner outlier confirmation meth-
od: (left)before filtering, (right)after filtering

SFe] 491 Corner outlier B4 42 E-5 Corner &
9] 47) 2] AR 0] L3l outlier THE 7%’9,3}0?\7] o
ol &4 cornerZ A o] outlierd A obdx] He = =
et AR E 7R A £33t} whba, Comer outlier 27
G5 Fote] Aok A A9} Corner outliers 2 3H
sk, AW S EE FEA AREshe oA &
WS S&ate] AA oA outliers ST I¥
32 Corner outlier 274 4ol AM-=HE JAES e
o, SH A = «C FAo| Corner outlier=Z B4 ¥
735 Uitk 22)= IaWstEE Atete] Mgk
o] HEE7] ¥ AME-HE iBetawtoll 578 AR
threshold2 S TI3F grH o 22 A5-cllRt trues WHeeith

e

w2

g USSR %0 Corner outlier ZE 3 A4S 4335}
A ¢F=t) 429 threshold2 #He A@H o2 AL At
QI 7= 73t AHE3IA
Ix2 search window
' / '
Comer cc_.u.uet pivvel / E
i = 1
I 1
i P20 | Pro [Bop] Qoo Qe| Qe i
Neighbor block B Carreat block @
E P22 |Pyz|Poz | Qoz| Q2| Qa2
i i
Lol J P L
[ i
(a)
Neighbor block P 2x7 search window
1 1
T T
1B Py ]
P2, Py /
1 P:=u Pop 1
H Qo Qoo H
: Q. Qo1 :
T T
! Qa2 Qo2 |
1 Comer outlier pixel
d_ c blockq +——b—L——L—4-

(b)
2! 4. Comer outlierE ZX317| 25l ARREl= TAS0| 9|X| U ZAIFA:
(@223, ()7228
Fig. 4. Pixels for corner outlier confirmation process: (a)vertical direc-
tion, (b)horizontal direction

dp0 =P,y —2% P,y + Py |
dp3 = |P2,2 - 2*P1,2 +P0,2|
dq0 =1Qyp —2% @y + Q.|
dq3 = |Q272 —2% Q1,2 + QO,?'
Diff=dp0+dp3+dq0+dg3

If(Diff < iBeta+threshold2)
Ver(hor)outlier = true

3. Corner outlier ZE{ZI/T}A

Corner outlier B4 2 ZAA o] &5 HE
Comer outlier ZAZ Z2AE SHIA @ 79} 0143} 27)

o) HASL AT s|ike] DEY F4 S Fo]



2733k 9] 19: Comer Outlier ArtifactsS 74 A17]7] ¢33 HEVC ZE 3 ¥4 317
(Kyung-hwan Ko et al.: The Filtering Method to Reduce Corner Outlier Artifacts in HEVC)

dHgd) 2(3)2 $H A ‘C7t 3% Corner outlier dom access main)$} LDB(Low-delay B main), LDP(Low-
A2 yErle] JHE & o & vekd Zlolth Luma delay P main) 73014 B|2E 150, QP 7 22, 27,
AXUEE 2(3)9] B 45 AHE-3H, Chroma X 32, 372 77t AFE-8AT Class AE 2560x1600 7] 2
EoAE A(3)9 A WA FARE AMSgith %29 4K 94olH, Class BE 1920x1080AF0] 2 2] Full
HDYAS Ve ™, Class C+= 832x48027] 5 zh= 94

C’'=((2¥A)+B+(4*C)+D+4) >3 o]t} Class D& 416x240 Ato] 28] d/de]H, Class Ex 3}

O A A S ) pa oA 1280x720 2719) FAOIT. Class FE 2

¥ "= pr_ixi Class ES} P37 2 1280x720

A Comer outlier B4 91 HAS ee g 5, o) $EE UV £ AFANE CTCS RAZAA
227 ESINE A Comer 91AoA Comer outlier =001 = Clus Esh LA A3 B2
Qe o] AAHYA T, D7) Do) Aeux epe  Class A7 A AYste] thdsh delire) AsRrke
EE AAE 2H¥ ) o= outlier ZEHE Corner § Flalshaet WA 3 12 22 RA, LDB, LDP 876l
Ao} o2 Tatsh B2 A0 ok 41%9] 7S B W3} 47FA] QP #HES 53 A¥ 3 BDrate] A5 H7HE UE
%S o|u]sh W49 Difth iBetagkii 27) Wi o L Al
B2y "7} B254] ol A7 BES A4S 73 F 1914 Yebd ZAA ¥ Corner outlier artifactsE 0|+
7o}, WA BD-rate A5 @ A9 UERA eskth 1

ol E2XE A WA, ¥ AA Corner $1xo14 Corner

outlier artifacts”} WA sl= WIE7F FA3] ¥ S E F

m. A3 o ZdalgM ATt & 25 All Intra 3733} Low-delay P 3750l 4] 7}
Classell A 942 2708 S A A3t Corner outlier 474 74

E =30 A A= Corner outlier 7H4 & HEVC Slo] Y& GAF Corner outlier ZEE 3+ A4 MSE
o] A% AZEY 0] HMI16.6H AL E35 LIS (Mean Square Error)E Al2Fste] Corner outlier ZE &
™, JCT-VCS] CTC(Common Test Condition)!'”2] A& % AYEAE W DRG] HaLste] HAES9 ol H 7t 7
4 AF Class®] 35S AHEeHSth 282> RA(Ran- Adte E5EY HES YER Eolth

I 1. Inter Prediction ilA{2| BD-rate A4SZ7}: Random access, Low-delay B main, Low-delay P main
Table 1. Experimental results of Random access, Low-delay B main, Low-delay P main

Random Access main Low-delay B main Low-delay P main
BD-rate BD-rate BD-rate BD-rate BD-rate BD-rate BD-rate BD-rate BD-rate
Y U \Y Y U \Y Y u \Y
Class A -0.1% 0.0% 0.0% -0.1% -0.2% 0.0% -0.1% 0.1% 0.1%
Class B 0.0% 0.2% -0.1% -0.1% 0.0% -0.2% -0.1% -0.1% 0.0%
Class C -0.1% -0.1% 0.0% 0.0% -0.2% -0.2% -0.2% -0.3% -0.3%
Class D 0.1% 0.0% 0.1% 0.1% 0.3% 0.3% 0.0% 0.3% 0.1%
Class E 0.0% -0.4% -0.2% 0.0% 0.2% 0.1% -0.1% 0.0% 0.0%
Class F 0.4% 0.3% 0.1% 0.1% -0.3% 0.0% 0.1% 0.1% 0.1%
Overall 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% -0.1% 0.0% 0.0%
Enc Time 100% 100% 100%
Dec Time 109% 110% 113%
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H 2. Corner outlier ZE{2! A| |=2HA H|W5l0] o247} ZAsk= 2289 HIE
Table 2. The ratio of the blocks whose error is reduced compared to the original images and the filtered images
All Intra Low delay P
Sequence QP=22 QP=27 QP=32 QP=37 QP=22 QP=27 QP=32 QP=37
PeopleOnStreet 5.5% 15.3% 31.1% 46.6% 9.4% 271% 48.0% 65.0%
Traffic 5.5% 18.2% 34.6% 53.2% 6.1% 12.0% 34.0% 54.9%
Kimono 7.9% 25.3% 42.4% 56.6% 11.3% 33.6% 53.9% 72.5%
Cactus 5.1% 18.0% 32.7% 45.4% 7.7% 19.4% 31.4% 44.2%
BasketballDrill 6.4% 20.3% 32.3% 42.2% 8.8% 23.6% 39.5% 55.8%
BQMall 5.7% 17.0% 29.4% 41.9% 6.9% 18.9% 34.0% 49.9%
BasketballPass 6.5% 21.0% 34.8% 43.0% 10.1% 25.3% 39.0% 49.4%
BlowingBubbles 4.5% 15.6% 28.4% 39.2% 4.5% 12.2% 23.3% 35.3%
Johnny 6.4% 21.0% 34.9% 48.7% 4.4% 12.1% 26.1% 43.8%
KristenAndSara 6.7% 19.8% 32.4% 45.5% 4.9% 14.4% 29.1% 48.3%
Average 6.0% 19.2% 33.3% 46.2% 7.4% 20.4% 35.8% 51.9%
¥ 3. BD-rate ‘=Tt [6] o HMQtsk= Corner outlier 247 |
Table 3. Experimental results of [4], [6], Proposed method
[6] Proposed Method
BD-rate Y BD-rate U BD-rate V BD-rate Y BD-rate U BD-rate V
Class A
Class B 0.7% 0.7% 0.5% -0.1% -0.1% 0.0%
Class C 0.3% 0.1% 0.6% -0.2% -0.3% -0.3%
Class D 0.6% 0.0% 0.6% 0.0% 0.3% 0.1%
Class E 0.4% 0.3% 0.9% -0.1% 0.0% 0.0%
Class F 0.3% -0.5% -0.1% 0.1% 0.1% 0.1%
Overall 0.5% 0.1% 0.5% -0.1% 0.0% 0.0%
F 20014 Holxe] QP#tel 2291 7d-%-+ Corner outlier Albets WS HEEHIEHANA AREsHE
s Adside W 2GS vastds o, o2 tection *JH-& ©]-8-8t Corner outlier 27434-& 53| H
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