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Adaptive Intra Prediction Method using Modified Cubic-function and
DCT-IF

Han Sik Lee”, Ju Ock Lee”, and Joo-Hee Moon®
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Abstract

In current HEVC, prediction pixels are finally calculated by linear-function interpolation on two reference pixels. It is hard to
expect good performance on the case of occurring large difference between two reference pixels. This paper decides more accurate
prediction pixel values than current HEVC using linear function. While existing prediction process only uses two reference pixels,
proposed method uses DCT-IF. DCT-IF analyses frequency characteristics of more than two reference pixels in frequency domain.
And proposed method calculates prediction value adaptively by using linear-function, DCT-IF and cubic-function to decide more
accurate interpolation value than to only use linear function. Cubic-function has a steep slope than linear-function. So, using
cubic-function is utilized on edge in prediction unit. The complexity of encoder and decoder in HM6.0 has increased 3% and 1%,
respectively. BD-rate has decreased 0.4% in luma signal Y, 0.3% in chroma signal U and 0.3% in chroma signal V in average.
Through this experiment, proposed adaptive intra prediction method using DCT-IF and cubic-function shows increased performance
than HM6.0.
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Table 1. Number of prediction directions for PU size
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4x4 17
8x8 35
16x16 35
32x32 35
64x64 35




758 WEEII| =R

PR |

% | {
=

-

shh

21 2, 5E LY o= YoM AR SAE AIRSH= i
Fig. 2. Method to use reference pixel in intra prediction

a9 1o BE7}0, 1, 291 ¥R A9 v A] Whak
2 A gk A5S A% FEE AAE 2T Faps
o2 AT AR hagke 18 29} go] o=
Shrol St

Hahh X e e A RE9 4% ¥ Fx

w

}\] Ao

Aole] Azls) 6|3 sae) S olale] ), 23}
A 9I7)9) gre AR Shagt ok A A ok Reka
o 91 27 39 jolAs 2ol ey,

srE 2. DCT-IF(Discrete Cosine Transform-based
Interpolation Filter)
Or :)T rnr -:ar r_-.r,i f.‘T 0’ :‘ HEVCS) :q:]—@Z_]— o= A 7O 2 DCT-IFE o83}
/ / / / / / / 3 itk DCT-IF= DCTH$ 741 I 49} o] T
S yyyyuy A% 99 skl A5l 7o g A
[ Zolth 19 49 M4 AAE e 584 E, 4 A2
/ / / } } } } / < R B s ‘/}E‘r‘ﬂ‘ﬂr. =, 48k P0)y-P(7)E ©l
ININININININID &3l B3t g2 P)s AT
VIV IV IV v v ¥ o] Bzt 7o BE Fska A9 ge AN 5
TN AT} A DCT-IF= 3% 2l A+= 8-tap, M2} Al% o
A 4-tap ZH AFTE ARSI Utk B =wddAe
@ :¥ak HEVCY] 81zt o 3o AMS-5= DCT-IF HE A$E 3}
Qe SEs SRS AEE o W el g8 e
Fig. 3. Example for using sub-pixel
PId) P{1} P2 ‘ P2} | Pla) | P& PiS) P& (7

T2 4. 2218 siao| 9IA
Fig. 4. Position of interpolation



ojgt4 o] 291 : WHH 33 P9} DCT-IFE o83 264 gy o5 Wy 759

(Han Sik Lee et al. :

Il Hetsh= 3L of% b

ARk WHAME WA 12 F3ighs
A13+& DCT-IF ¥ 7]+,1 HPS 0] 8-5}¢]

DCT-IFZ o] &

eﬂ”(chppmg) EMXM T %‘—é‘ HES o) g3) Atsh=
HHoA FS-Z o2 3pHY o SHb o] HelFEt Ad=E
T 83

A= W 8 37}Zli*1 71E2] ¥, DCT-IFE ©]
17} g4e] W, DCT-IFE ©]8-3 32 g2 Wolth,

ARk A WS AR S8 SRS =
W DCT-IFE AF&-3ith DCT-IFE 314 ] E4Jo] ojd
Ful BAS B Balas HilelE WHoE DCT o
A5 gk o] Rala YAE Yshd BE 3k 9
219 & A 4 Aok DCT-IFE A& v+ 3E 29
e AFE 0831 ALkett & 20 Yeht e ZE

N
jubad
L
N

A== HEVCOA ] Alxke o E—ﬁhe =
12 F32E A8 Algold, dAl PUZY9 E}EW
717} AL o] Ztk DCT-IFE 488 o, 3= sA4g o]
£ F fle Bfole 18 59 22 o= ﬁHD‘fS}Oﬁl
DCT-IFE &3ttt 19 SollA AsfAES o8
342 Y1 BEAEL o] & 7153 3, Ci}_u:‘é—
2 4= A4S et £, o] 713 BE A0l BARSE
o] DCT-IFE #&3it}

2. =5 Z7|0 e ZH Ax
Table 2. Filter coefficient for block size

gz 75| Zef A
4x4 { -4, 36, 36, -4}
8x8 OJAle] 22 {-1, 4, -11, 40, 40, -11, 4, -1}

FEB FAGE olF A o
sjgkol w2k
7<1—Z §}/\%}1\-94 H—]_ﬂ
Bages 29, oS

DCT-IFE o]&-3}
= o] AlgE
DCT-IFE ©]-&-3]
Qo] SojeA] o

Adaptive Intra Prediction Method using Modified Cubic-function and DCT-IF)

So] Bz 3kagko] 100, 1200]2k 3w S8 FAFk0)]

130019 12002 Z]gste] &)

SPAZE dSollA FEl8S A8 Alde o] tiF
&g ok 2u Sy«

=2 Intra Smoothing=

St = 3ha ke o] 8RR Ao T AEE
3} gkel xbol7) gt} whebA Intra Smoothing®] 37
Z-g-gh}.

rHlo FN oHn ni

ML SR

12l 5. DCT-IFE HEsp7| flst &= sl mjg

Fig. 5. Padding for DCT-IF
2. 1X} &2} DCT-IFE 0|88t 0=
13+ 2] el 7120 Wiz SAs AR 4
gol Az BAgiE] BTl ohd DCT-IFE ol 3]

FEEATH= HolM HEth DCT-IFE °l&st #=
THEE 7IE2E O9 69 oolxe} o] 2749 7o

DCT-IFZ 0|83t

——HEVC2| 15} B4

--DCT-IFE O] B8 14} &4

12345678 91011121314151617 181920212223 2425262728293031 3.

r\m P
"y

)
o5 Y im
o Hopa Expba

OB 6. AE Bkt U PR SIA
6

eference pixel and sub-pixel location for intra prediction

Y



760 WEEedeiA) A178 A535, 20129 92 (JBE Vol. 17, No.

2 o] 13} 349 FHE olgsle dZac.
3. 3% 840} DCT-IFE 0|83t 0
33 0] Fele 7129 13 940 FelE Al o

e oA 4 ek A1zl 13 959 Fee Pudle) o)A
o ek 5 ik webd 713717} B 2 3% 958 A

st} Gde] AAFRAAN dF G885 FolaA} st
Holth 32k g4 %1%*4(4)01]*1 zt AFE FEdth
f(t)=at’ +bt’> +ct+d @

4714 L= sl & Hatao] 9215 vehiH, 31
7he] Bapart Slofokshs dnbAQl A4S agfshd

125 -
120
115
110 +

105 +

J8l 7. 3%t gt 1A gretel 2|

01234567 891011121314151617181920212223242526272829303132

S, September 2012)

t=10)4 t=3174x] 317 284 97} 18 63 2
o] EAEH Hek. (1) & Rat AR M Haghs ot
BRItk 2} Al gk 7 7R B9 Yol it
A, DCT-IFE 83t T4lgko] = shaghe] B HT
AAY 22 Aot o] Aol 1=02 o wEgol
00] HE== sfof Fot. = 3fag¥ DCT-IFE ©]-8-3he]
H@E Eo AE T3k A(5)ek 2ol FE 5 Stk
Yico, Vizie, Vieo 5 2+
EF Fx sigiolth
FRAS DCT-IFE o83 g4lgkol 3= shaglel 3
TEG 22 Bg-oltt o] ol =32 v PRl
0°] HESste] £t F= S4H DCT-IFE ©f&
H@E Eo A5 T3k 26 2ol FT 4 Sl

)
rio,
IR
ubal
B
ok,
[
)
ofy
o>
2
fo

—+—HEVC2] 1X} §

=340 YT BEBL
BI2ECE IS

- FHU0| YT HEG
HIUBG B ES

.

Fig. 7. Relationship between cubic-function and linear-function

f(t) — (3yt:0 )i — 4yt:16 )t3 + (8yt:16 — 7yt:0 Vi3 )tZ Y, ®)

214
f(t) _ (8yt:16 _2yt:0 _6yt:32 )13 +(1 1yt:32 +5yt:0

=16y, )tz + (8}’::16 =4V —

210

4
Jeoypy )

215 210

25



ol&a] 9 291 : W¥H 33 P9} DCT-IFE o438 A&7 o) o= 4y 761
(Han Sik Lee et al. : Adaptive Intra Prediction Method using Modified Cubic-function and DCT-IF)

27 74 (s), A% 12 134 F4) FejE
ARSI 1Y 7oA TIEe) Wt 37 F4ee) el
Ao 2 Aelg B 4 2ok 1T Fehe Aelgd
718 9318 F7H12 S 917 dEe] 71Ee] W
VI Aol% el 3 9ol ke T1E
A3} o7} 30] =T MY3fe] AHE MEWh
el S At B sl Aol ows
bl 292 fEdth 19 82 33 $4E 14 @
folo) rjgke] 307}t H == A3 limiting) &
Sagel Be 2292 9% Tz 42 B

T

ul

ol ]IEL,.)

T

1

)

AU

(

(e}

o
Loﬁ%wﬁ
Ofr

PO o )y My H o W fo r1r H
FN

£ oo

Ao olf= 3] 2 ZE 123 2R

o 71717} FAg ol 9% Ui diAeA &85t
A =2olth. 2y &5 Wl clAgta A & ¢
A ZAE DCT-IFE o83 S47te] g 3= 3o}

AT

a7 dade A Zae 27) old$H 3179 RaiE
BE DCTIFE o] &3] = AL Bidw wox A% A

32 guslne Y8s] Bele AL Brlse. mel

130 -
125 -
120 -
115 +
110 +
105 +
100 o<t
95 -

90

A Fedgte) 2718 13§45 AHSE W A
SAY Zoledle] 1 B30 it

4. Hiolsl= weig AKBSPIRIE N2 siell
of2 e
17 949} 37 §4 Lel3 DCTIFE 28 S

e
2

P o A7k wpebx] oS o] AgHow A}
.37} g9l DCT-IFE o83 Y] o3& o=
ol ol =7} HetaiA E4 & o ALgsled 1 &
o] et Wb SA7} §1S B0k s A4S A3
o e 22 A5 e Ak,

&tz oo 2
o JW o
Aui

Step 1 : DCT-IFE o83t f=g A6 = shagt

Bare] zpol7t Adigks 71FoE 2 Byp 2
Agols 7€ HEVC WS 22 ARE-Sich
Step 2 : DCT-IFE ©]&ate] Fr=¥ FAa 3z st

Bae] o7t Auigts 7I€eE 2 B} A1

——HEVCS| 14} &=

=-Zuyo YL AL
gauc 252

~— B30 YT BE2
YEUSCH AR AL

t

01234567 891011121314151617181920212223242526272829303132

O3 8. 3A el Mt & 221

Fig. 8. Limiting and clipping of cubic-function



762 WE3E=EA A7E A5E, 20129 99 (JBE Vol. 17, No. 5, September 2012)

Step 3 : DCT-IFE o] &3lo] f=® FA7T 22 325
el Apolrh duigks 7IFoE 2 By A1
TAo] ¥ F=x iy WS %
32} 3459} DCT-IFE o] &3+ o= i}
k.

¥ 32 A84 sy o F WS gg Aot
H diff= DCT-IFE 0151?‘5& AT Fx skt F

3. Mlekel MESA Sl oflF 2y
Table 3. Proposed adaptive intra prediction method

diff ol it
<2 14} &8 0|83t o=
< max
and 1A} &2} DCT-IFE 0|85t o=
> min
> 2
> max
or &=l 3%} 840 DCT-IFE 0|83 0=
< min

& A5e B Al
M6.0(HEVC test Model)”'}
5 42 HEVC Common Test Condition!”
£ 93 AT 43 2AL ICTVC
H1100"% FJ3kA 3 9 =F -9A4E 7HAE
Intra Only A& FZE A8

A e A A5} AR} A5 BT A48
3 Intra Main Profile!”'#} Intra High Efficiency 10bit
Profile[7]9l1 4 A&ttt 22]aL Al¢tehs WS Hlas)
7] #1ll BD-rateS 7-3tal Hlulsloint. 1 4~69 454 5}

— 2

Ay ¢S A3 294E Felsith

4. H38A Y oF Y 2ot

Table 4. Experimental result of adaptive intra prediction

All Intra Main All Intra HE10
Class
Y U \% Y ] V
A 0.1 0.0 0.0 0.0 -0.1 -0.1
B -0.3 -0.3 -0.3 -0.3 -0.3 -0.4
C -0.7 -0.6 -0.6 -0.5 -0.6 -0.5
D -0.1 -0.1 -0.1 -0.1 -0.1 -0.1
E -0.8 -0.3 -0.4 -0.7 -0.8 -0.5
F -04 -0.3 -0.4 -0.3 -0.4 -0.4
Total -0.4 -0.3 -0.3 -0.3 -0.4 -0.3
Enc
Time(%) 103 103
Dec
Time(%) 101 101
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Table 5. Experimental result of adaptive intra prediction in Class B

All Intra Main All Intra HE10

Sequence
Y U Vv Y ] \%
Kimono 0.1 0.1 0.0 0.0 0.0 0.0
ParkScene 0.1 0.0 0.1 0.0 -0.1 -0.1
Cactus -0.6 -0.5 -0.4 -0.5 -0.5 -0.6
BQTerrace -0.5 -0.5 -0.6 -0.4 -0.5 -0.6
BasketballDrive -0.7 -0.5 -0.8 -0.7 -0.5 -0.6
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Table 6. Experimental result of adaptive intra prediction in Class C

All Intra Main All Intra HE10
Sequence
Y U V Y U V
RaceHorses -0.2 -0.1 0.0 -0.1 -0.2 -0.2
BQMall -0.5 -04 -0.3 -0.5 -04 -0.3
PartyScene -0.3 -0.2 -0.2 -0.2 -0.2 -0.2
BasketballDrill -1.8 -1.6 -1.8 -1.4 -1.4 -14
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