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(54) Title: LOW COMPLEXITY SUB-PIXEL INTERPOLATION FILTER METHOD, FILTER DEVICE, AND ELECTRONIC
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00 DIRECT REPLICATION OF THE ORIGINAL INTEGRAL PIXEL POINT

01 HORIZONTAL 8-TAP 1/4 INTERPOLATION
02 HORIZONTAL 8-TAP 1/2 INTERPOLATION
03 HORIZONTAL 8-TAP 3/4 INTERPOLATION
10 VERTICAL 8-TAP 1/4 INTERPOLATION
20 VERTICAL 8-TAP 1/2 INTERPOLATION
30 VERTICAL 8-TAP 3/4 INTERPOLATION

11 HORIZONTAL 8-TAP 1/4 FIRST, THEN VERTICAL 6-TAP 1/4
12 HORIZONTAL 8-TAP 1/4 FIRST, THEN VERTICAL 6-TAF 1/2
13 HORIZONTAL 8-TAP 1/4 FIRST, THEN VERTICAL 6-TAP 3/4
21 HORIZONTAL 8-TAP 1/2 FIRST, THEN VERTICAL 6-TAP 1/4
22 HORIZONTAL 8-TAP 1/2 FIRST, THEN VERTICAL 8-TAP 1/2
23 HORIZONTAL 8-TAP 1/2 FIRST, THEN VERTICAL 6-TAP 3/4
31 HORIZONTAL 8-TAP 3/4 FIRST, THEN VERTICAL B8-TAP 1/4
32 HORIZONTAL 8-TAP 3/4 FIRST, THEN VERTICAL 6-TAP 172
33 HORIZONTAL 8-TAP 3/4 FIRST, THEN VERTICAL 6-TAP 3/4

START

BB DETERMINATION OF THE CORRESPONDING INTERPOLATION

COEFFICIENT AND METHOD ON THE BASIS OF THE COORDINATES

CC END

(57) Abstract: Disclosed are a low complexity sub-pixel interpolation filter
method, filter device, and electronic device. Employed are an 8-tap interpol -
ation filter and a 6-tap interpolation filter, the 8-tap interpolation filter is
used on adjacent integer pixel points to acquire sub-pixel points between
vertical or horizontal adjacent integer pixel points; between the sub-pixel
points between the adjacent integer pixel points, the horizontal 8-tap inter-
polation filter is used, then the vertical 6-tap interpolation filter is used to
perform two interpolations and to acquire the remaining nine sub-pixels.
The present invention employs the 8-tap and 6-tap interpolation filters in
combination, and utilizes the fact that movement changes of common scenes
mainly are more of lateral movements and relatively less of vertical move-
ments, also, considering the increased calculation complexity of a 10-tap in-
terpolation filter and the poor performance of a 4-tap interpolation filter, the
employment of "8+6" combination for filter allows for reduced calculation
complexity while not generating a significant impact on performance.
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fo0 =(2xb ,=9%b', | +5Txb',(+17xDb',,—4xD', ,+b', ;) >> shifi2

joo = (2%b7 ,=9xDb' _+39xD'  +39xb', —9xb',,+2xD, ) >> shift2
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BT 800v Koow Too HTHEARAT:

8o = (2x ¢y ,=9xc'y + 5T  +1TxCy —dxc'y,+ ') >> shifi2

Koo =(2xc'y ,=9%c', ,+39%xc +39% ¢y, = 9%y, + 2% 5 ) >> shift2

r0,0

FER AKX F, shiftl=6, shift2=12; shift {A&ABURIEZ: 21ER
Kby 25 RAARF —AME R G KN BP 8bit, tode, ZHE—NMER, AL
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64), MZBERYT KT 6415, BHE FAEHST 645, REHITHEIEME,
I XMAEBT 645, IAREE ZBEH 6+6=12 45 F I —AMEE 4
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(1)K 5 HEVC 49 5 B35 a8t e, 2L Y. ULV AR 5438 A0 T 0. 7%,
0.2%. 0.3%, JUik 4; {22t H I RE, dwk 5T+, o HEVC 2L
10% (EiFA4E. RiEFiEI 8 7 @504 9.07%. 6. 42%F= 9. 36% ),
EAIRE RS, XRRRIFT 5 HEVC & B AEEA 40 S 69 46,
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£ 4 ABI6GTr kS HBVC B d6MA 7 ik e i Rt RoA
BD-rates 3&jm
PRE UR=WE (%)
Y U v
BasketballPass | 0.2 |-0.3|-0.2
BQSquare 2.2 1.2 | 1.4
412x240 | BlowingBubbles | 0. 3| 0.2 | 0.2
RaceHorses 0.21-0.5]-0.3
Average 0.710.21]0.3
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A K BH HEVC

15 BARBRAE B ARBAE
3 i A ik | mE | A | RE | ik

% % % %

A 1 0 0 1 0 0

a 8 6 7 7 5 6

b 8 6 7 8 6 7

C 8 6 7 7 5 6

d 8 6 7 7 5 6
e 8*6 6%6+5 | T%6+5 T%7 SxT+5 | 6%7+6
f 8*6 6%6+5 | T%6+5 T%8 6x7+5 | TxT+6
g 8*6 6x6+5 | T*x6+5 T*T S5«7+5 | 6%7+6

h 8 6 7 8 8 7
i 8*6 6x6+6 | Tx6+5 8*7 Sk8+6 | 6%8+7
j 8*6 6x6+6 | T*6+5 g% 6x8+6 | T*8+7
k 8*6 6x6+6 | Tx6+5 8*7 Sk8+6 | 6%8+7

n 8 6 7 7 7 6
p 86 6x6+5 | Tx6+5 77 S5«7+5 | 6%7+6
q 86 6x6+5 | Tx6+5 T8 Ox7+5 | T*7+6
r 8*6 6%6+5 | T%6+5 T%7 TxT+5 | 6%7+6
avg | 30.06 | 25.50]29.06 | 33.06 | 27.25 | 32.06

(2) RAARBIGF %, HEA 4 3KR 10 bkB(a Rk B0k, T
IS F A E BT 04 E, AR hinks 8 st = A7 am, &
AREIEST 4o T,

F 6 4FHKIEKRB R

fLE e IR B kS| mEE
1/4 | (-6, 56, 15, -1} 3 3
2/4 | {4, 36, 36, —4) 4 3
3/4 | (-1, 15, 56, -6} 3 3
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7 103K IER BRI

{2 e IR B AL | s
1/4 | {1, -2, 4, -10, 57, 19, -7, 3, -1, 0} 7 8
2/4 | {1, -2, 5, 12, 40, 40, -12, 5, -2, 1) 8 9
3/4 | {0, -1, 3, -7, 19, 57, -10, 4, -2, 1} 7 8

ST R T A 8. R 9Fk 10 Aror, T, RAARBIG T, it
5 HWELRERST4MHRIERS, RN KKIKT 10 3KIEk 5, (24
BT 10 FhkIRIE S,
8 mRMEE 5 AH

" 4 bk 10 ek AL
(L+3) x (W+3) (L+9) x (W+9) (L+7) x (W+7)
W=4, L=4 49 169 121
W=8, L=8 121 289 225
W=16,L=16 361 625 529
W=32,L=32 1225 1681 1521
W=64,6 L=64 4489 5329 5041
£ 9 Rk

Mults (xWx1L)

Pel 4 Fhk 10 Fhk AE A
A 0 0 0
a 3 7 6
b 4 8 6
C 3 7 6
d 3 7 6
e 3% 4+3 7 x 10+7 6 X 6+5
f 4 x 4+3 8 x 10+7 6 X 6+5
g 3X4+3 1 Tx 1047 | 6% 6+5
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8
h 4 8 6
i Ix4+4 7% 10+8 6 x 6+6
] 4 x 4+4 8 x 10+8 6 x 6+6
k 3x4+4 7x10+8 6 x 6+6
n 3 7 6
D 3% 4+3 7 x 10+7 6 X 6+5
q 4x4+3 1 g x10+7 | 6% 6+5
r 3 x 4+3 7x10+7 | 6% 6+5
Avg | 10.625 48.125 25. 50
£ 10 huikdk
bl Adds (x W x L)
4tap 10tap A& A
A 0 0 0
a 3 8 7
b 3 9 7
C 3 8 7
d 3 8 7
e 3% 4+3 8 x 10+8 7 % 6+5
f 3% 4+3 9 x 10+8 7 % 6+5
g 3% 4+3 8§ x 10+8 | 7 x6+5
h 3 7 7
i 3% 4+3 8§ x 10+9 | 7x6+5
j 3% 4+3 9x10+9 | 7x6+5
ko| O 3XA ] 8 x 1049 | 7x6+5
n 3 7 7
p | 3| gx10+48 | 7x6+5
o | M 9x10+8 | 7x6+5
Pl 3 gxqpes | Tx 645
avg | 0008 54. 5 29. 0625
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(3)RA 4 IKIGAME KR L HEVC 64 2 E EExT L, ek T £ 11,
AY. U VARENAEAT 5. 6%, 3. 6%, 3. 6%,
£ 11

BD-rates 3%jm

5 PEE WRSF 7] (%)

Y U V

BasketballPass | 0.6 |-0.4|-0.1
BQSquare 15.8112.3]11.3

412x240 | BlowingBubbles | 4.6 | 2.5 | 2.6

RaceHorses 1.3 10.1] 0.4

Average 5.6 | 3.6 | 3.6
5 (4) KA 10 #hkBAEBEE LS HEVC 692 ZIBESTL, Hicde T R
12, Y. U, VAR5 FIEAT 0.8%, 0.3%. 0.4%,
%12
BD-rates 3&jm
S HE UREWE R (%)
Y U v

BasketballPass | 0.1|-0.2]-0.1
BQSquare 2.41 1.5 ] 1.6
412x240 | BlowingBubbles | 0.3 | 0.0 | -0.1
RaceHorses 0.21-0.1] 0.1
Average 0.810.31] 0.4
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BT VA it it AL R FG A0 KA Tk, A= —F i AT 49 &
TRIBBAIR, QIR TAE. WEEFRZS, LPH4THTEIN
FHB)—F IR R GRE AR E G A,
15
F ) =
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B, RELIAT AL 6 BAR 56 R B MR F X 308, xF T AL AT BHAR
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R A & R B

1. — PR E R0 R HAEE IR T ik, KA 84 k4G {HIE R B An 63
KABEIRIK S, s TARAR IR Z SR 83k 4H(A I K 35, 53486 G
BARAR IR R B RR B TATRARARE R R LMt X
1), AL ARG 84k IGRIR IR ZF, RS AL YA 69 64 K AE(E IR I 2,
HATH ORI, FERTHINDHRE.

2. d AR B RVPT R GG R R IAAIR K T %, HAFAER: Prid8fhkig
R R B IFAR R 1/ MR e A 80h (-1, 4, -10, 57, 18, -6,
3, -1}, 1/MExF ey 408 (-1, 4, -11, 40, 40, -11, 4, -1}, 3/4
& ey 24 (-1, 3, -6, 18, 57, -10, 4, -1}.

3. deM A BRI GG FABEIR I 7 ik, AR Pridedhkid
(B R BIBE ARSI /MR g AL (2, -9, 57, 171, -4, 1},
1/ M ey 24504 (2, -9, 39, 39, -9, 2}, 3/44kFZAFmeyAE0h (1,
-4, 17, 57, -9, 2},

4. R A F R 3 TR 6 R BT k, B iER: P eiahE
8o0v Doov Coo 89IBHMAITAR @46 *TAEE) RULARGG AR E B 8 JkiEME
Tk BHATIBEIR I, 5 AMER 1/4, 2/4, 3/4 B3t p ek B A%,
1‘]‘;9;4”53"-@]ﬁ‘ﬂé/7§7\4§1'? ao0v Doov Coos i‘]‘;?k—/;\\i‘ifﬁﬂ'F:

8y =(—AL, +4x A,  —10x A +5Tx Ay +18x A —6x A, +3%x Ay — A, ) >> shifil

boo =(—Ay +4x A, —11x A, +40x A, +40x A, —11x A, +4x A, — A, ) >> shiftl

Coo = (Ao +3XA,,—6x A, +18x A +5Tx A, —10x A, +4x A, — A, ) >> shifil,

5. SeAR|EK 3 PRk ey R R ABIE IR oy ik, RAARAEL A eg ik
F doon hoow N 89AE(EIIAR Q55 . UG RILARK) MR F B AL 8 JhkiE
LRI B IATIAEIR I, o AEH 1/4, 2/4, 3/4 45 BxF 6918 28 2 4K,
wEAF BT RO R E dus Do N, HHE AR AT

oo =(=Ay 5 +4x A, , —10x A, +5Tx Ay, +18% Ay —6x Ay, +3x Ay, — A ) >> shif]

oo =(—Ay s +4x A, , —11x A, +40x A, +40x A, —11x A, +4x A — A, ) >> shifil

Moo =(=Ay s +3x Ay, —6x A, +18% A +5Tx Ay, 10X Ay, +4x A, — Ay, ) >> shiftl .

6. SwAF| K 3 PR ey R R ABEIR I 7 ik, HaEER: A ek
F eoon loov Doo8JIAITAR O AAAEERILARGG IR A EALA 8 bk
FEALTER, A 1/ A4S B xR e IR B A A, MmAFEIFEME 2 o (HF
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i==3~4); REBEXFEME 0 ARG 6 FhkIBEIER, 52 1EH 1/4,
2/4, 3/44x BEx L ey IR R R RAL, HHAFRIAT R 5EF evos Toos Doos
7. R F|ER 3 PR ey R ZABEIR R T ik, HasfEd: HFaink
F foov Joov Qo3BT O MG REARGG LR E EALA 8 Fhk
BRI, R 2/ A E X AR B RS, A FRFIEME Y o (HF
i==3~4); REBXFEMEAD  EF NG 6 FhkIBEIER, 52 1EH 1/4,
2/4, 3/4A5 BTG IEE R AR T EARRAT L 90 EE foo Joos Qoo
A NE - Gl
fo0 =(2xb ,=9%b', | +5Txb',(+17xDb',,—4xD', ,+b', ;) >> shifi2
joo = (2%b7 ,=9xDb' _+39xD'  +39xb', —9xb',,+2xD, ) >> shift2
Qoo = (bl o= 4xD'y \+17xb' +5Txb", =9xb', ,+2xb', ) >> shift2 |
8. JwARF|ER 3 PR REABEIR KT &, HfEd: HFainik
E 2oov Koow ToofJ3(ATAR O AAAEERILARGG LR E EALA 8 bk
FEARIR B RATIHAIE I, 128 342 BEx ek B A4, ARFE+
EME ¢ o (FF i==3~4); RERTFEME C o AEA NG 6 3K IHENE
W AL 1/4, 2/4, 3/4 A2 BExF R AIRR B AR, T HRRI g5
%% 8o.ov Koov Too; i+;91ié\\i‘i"flUT:
8o = (2x ¢y ,=9xc'y + 5T  +1TxCy —dxc'y,+ ') >> shifi2
koo =(2xc'y ,=9%c', +39xc' +39xc'y,=9xc'y ,+2xc'y 5 ) >> shifi2
B = (' a=4xcy L +1TxC o+ 57Xy, = 9%y, +2x 'y, ) >> shift2 .
9. oA A B RARSPTE M R E BT, AR FTiE
shif t149{&4 6,
10. 4ot F) 2R 6-8 FAE—IR AT ik 69 R Z A IR T &, AR
Prikshift2694a 412,
11, — AR A R B 5 F AR E, R R F|ERKI-10F1F—
WP 6 15 4B R 7y 3 SR ISR B AR AL 22
12, —#r o FHAEBK, FA A T ERIRF 2 RKI-10F4E—FPT
A 4 SRR LI T R AR
13 —f e TRKE, RARF)ZRI-10FAE—FPTEGIRI A 5
BE BRI &, AR AR HATA I,
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B. &GN

T 2R () fe A PR B SCHR (b B 73 R AR B 7 55 )
IPC: HO4N

L A 2R U A AR Bk 55 M1 PR B SCHR L Ah AR G 28 SRR

interpolate, heve, tap, 8 tap, 6 tap

[ Brkr 22 I B ) e B R (R R A AR, A T A 2R CnfsE DD )
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