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< PU-based texture up-sampling process >

Read slice header of EL
after decoding RL picture

[Picture-based operation]

Common preparation module
for texture up-sampling

 — [PU-based operation] — ———
‘ For each Inter PU in EL:

(3) Selective padding of top or bottom boundary of temporary
CT8 buffer for herizontal filtering:
(4) Vertical up-sampling: horizontal-directional vertical filtering:

* Glipping of integer pixel position is not performed in (2} and (4).
+ Pre-calculated AL sample positions are used in (1},{2), and (4).

v

‘If necessary, temporal prediction-&

— —< Decoding of EL picture > —

H e

ghe X EA|

b0

(57) Abstract: Provided is a method and apparatus for encoding/de-
coding a scalable image at high speed. A scalable image processing
method according to embodiments of the present invention com-
prises: calculating a position of an RL block in an RL picture; up-
sampling the calculated RL block; and encoding or decoding a cur-
rent PU by referring to the up-sampled RL block. Accordingly, the
present invention can enhance an encoding/decoding speed through
reducing an amount of consumption of a memory by an encoder/de -
coder and decreasing an amount of calculation, by performing an up-
sampling process on only a required block in the PU encoding/de-
coding process.

(MC process)
(57) 8.9A: =~ALHE Jde ud FosyEss Uy 2
X 7F ATt B g o] Ao mE AAdeE G4 A
| o g AH-2, RL I Ao A RL 59 94X & Aitsta, A4t
(Ler-layer prediotio) RL 232 9 AZ9sln], - U E9 8 RL E5L Fxs}e] 9
A PUE F353} =& 53553 oo 93, PU F-E 3/ ES
3} BA A, Bagt B3] et QAEYH Z2ALE F
Texture Up-sampling far a PU: Aoto Z X B33 7|/E5379 R AEHE Foln, A
(1) Calculate RL block position corresponding to current PU: AP AN A By ESE 28 A = A H
(2) Horizontal up-sampling; 1:}
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1. SHVC(Scalable High efficiency Video Coding)

SHVCE HEVC 9& 7[Hho 2 2 d Y & 29 755 F7H3 v v &
Agolnt 2Ad Y E 2 Y glolo] 725 VW R haL 9laL, 7[E
A2 oo =9 mET e 7} & Ao = 1oﬂ B.o]zo] #ojof 7t
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[37] i, & B e vyt 2o e A EY 28 ¥ EL PUY Inter
o 5 Bbqlol wet d e s wRk PU G & F STt

[38] g o] Al ool whE pU 7| =T R ol A, RL = 2 o 25 7 A
2 RL A F 23} = 5 31A] o|n] =3 H Qlvha 7HA et pU 7] wE
AMEe e ¥ EL ¥ A 9| Inter PU -3 3} IE3= 13 3 3} 4] o] CPB(Coded
Picture Buffer) %= DPB(Decoded Picture Buffer) Wl A -d-% Z3= 3 X 1 o
EW2E TEllA FE FHA7ERL F A1 A Foll w3l &) AL s, SHVC
Fo A Intra PUSE @l o]of gt o S8 F8) 81A] e+

[39] Texture up-sampling & b= t}-&- 2} 2},

[40] () @A PUS t-&3F= RL &5 AAE ALt

[41] -EL F Aol A A4 F53} B3z H 5315 a1 iz A A PUZE A& ol A
FzsHA D RLIA S th&st= 59 (1 W dejdo] 283 (RS
AAbetch & 5ol i= EL A o] @A PU tf-§5= RL I H 9] 55 AR E
HERH AT

[42] 5= 594, EL2] €Al PUS] y&}3E cur_y0¥ cur_y0 + Holl 242} o) -§-3F= RL
Frhy) Zd919] y 2 yRef0 2} yRef13= SHVC F =0l Z7]38Fo] Al Ak3o),
o], k29 FF APH 8] ZEAAE Fote] on] AMEE v kgl 7] vl
<=3 table look-up & = k2 DA €} Fvk A E % 9] 49 8-tap polyphase
filterE AM-&3l 2, AA = PU 7|jF A& o] o] &5 +=RL 77 &£59 y
3= 559 ref_y0% ref_ylo] W, o]= b9 (4] )= o] &38o] 73t}

[43] ref_yO=yRef0 -3

[44] ref_yl =yRefl +4 (2] 1)

[45] A ZrHCb/Cr) Y] 7 $-1 4-tap polyphase filterS AFS3l 22 t}5-2] (2] 2)&
ol g3te] RL AR} 5ol y HE S et

[46] ref_cyO=cyRef0- 1

[47] ref_cyl =cyRefl +2 (2] 2)

[48] 5 594 EL PUS] o] ¢} 0] 8 72 YEbli= Wel Hi= PU EF}l ol ute}
U FY = AL T E P =5 vk WeFH A2k e] Aol Fot
CTB(Coding Tree Block)e] H ] o] 1= =0]]l 640]t}, Fgt A=
e ol 23 RL &5 0|9 #%0]:= W_RLI H RLE FA[SFIL, (4]
3= 7 At

[49] W_RL =ref x1 -ref x0

[50] H_RL =ref yl - ref y0 (2] 3)

[51]

&, (2) 7 0 2 ] A E- ¥ (Horizontanl up-sampling), (3) 5+ 0.2 A5+ %
RL £ 9] 4 (top) T3= 3 (botttom) Z 3 & (padding)3HY, 4) 54 o &
A= (Vertical up-sampling) ¢}, &= 691 = '(2)', '3) & '(4) A =}of] tf ¢t
M-S &5 ¥y S A e AT
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[53] %= 790 4] m_pTempBuf[]2] Z 7|5 H ] 2] A 7]} A#§lo] 64%(64+4%2)0] AL,

16-bit ] o] & E}{] o] T} m_lumaFilter[16][8]+% 16711 2] phase & %+ 8-tap FIR
] Al m ol B A5 g2 SHVC E5=0ll WA o] 3

[54] %= 79] sumLumaHor8(src, pFC) &<~ 8711 9] 3}A4 9} 8719 2 7|55 712
Wako v 747} syate] Hell g HE W gharolal C YA EE e g2

[55] result = (src[0]*pFC[O] + src[1]*pFC[1] + src[2]*pFC[2] + src[3]*pFC[3] +
src[4]*pFC[4] + src[S]*pFC[5] + src[6]*pFC[6] + src[7]*pFC[7]);

[56] %= 79] sumLumaVer8(src, pFC, stride) <= 8711 2] &4} 87119 HH A4E
AlE Wbk o ® Z47) yrebo] tlalg= EH W ghrol il C YA E = vt
2.

[57] result = (src[0]*pFC[0] + src[1*stride]*pFC[ 1] + src[2*stride]*pFC[2] +
src[3*stride]*pFC[3] + src[4*stride]*pFC[4] + src[5*stride]*pFC[5] +
src[6*stride]*pFC[6] + src[7*stride]*pFC[7]);

[58] 5= 704 shiftlY 3= SHVC FFoll A ¥ th 2 RLS] F7} Bit Depthel] 4 82
Fholtt,

[59] A & 4of] AAIE L] Hol &3 pU 7R g JAEH WH ] ¢ AL
A= 5 gof] vreR ve) P

[60] %= 89 m_TempBuf[]i= 5= 73 &< ¢ B 1 0] 31, m_chromaFilter[ 16][4]%

1671 2] phase S Zt+= 4-tap FIR L& 7|+ vl Aot} HE A5 41 SHVC HFFel
g A E o] st

[61] %= 89] sumChromaHor4(src, pFC) &= 47119] 3lA 9} 4719 2 A& 712
Wako v 747} syate] Hell g HE W gharolal C YA EE e g2

[62] result = (src[0]*pFC[O] + src[1]*pFC[1] + src[2]*pFC[2] + src[3]*pFC[3]);

[63] %= 82] sumChromaVerd(src, pFC, stride) 3+ 4711 2] 349} 4712 HE A4E
AlE Wbk o ® Z47) yrebo] tlalg= EH W ghrol il C YA E = vt
2.

[64] result = (src[0]*pFC[0] + src[1*stride]*pFC[ 1] + src[2*stride]*pFC[2] +
src[3*stride]*pFC[3]);

[65] 5= 89 shift1C+= SHVC 3ol WA & RLY =L = v} Bit Depthell A 8= ¥l

#kolot.
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YCbCr420 £ el A HE &L A st A s &= E59] vy
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4THEH

[ 1] RL(Reference Layer) & 2] ol 4 RL &5 2] 9% & A 4tet= @A,
ARbE RL 58 -AE 9 ek 9 3
A7) ﬁ_}\ﬂ_@.ag RL E‘.i% %_}_3}04,/\0 7] 3
PE3) EE HE ek 9AE 2aehs Ae S0 ks
27d e E G4 A Hgﬂg.

(713 2] 28 10 Qo] A,
/\]—7] RL E&2

= T,

EL(Enhancement Layer) ¥} ] 2] & 4] PUS] % 3} Ti= & 5 3}
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e .
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< Common preparation module
for texture up-sampling >

Read slice header of EL

((First picture)ll
CroppingChangeFlag)?

Derive AL sample location for up-sampling:

(1)Calculate and save RL Iuma sample positions for
- Horizontal location x=0..(el_width-1)  :m_xPosY[x]
- Vertical location y=0..(el_height-1)  :m_yPosY[y]

(2)Calculate and save RL chroma sample positions for
- Horizontal location x=0..(el_width_c-1) :m_xPosC[cx]
- Vertical location cy=0..(el_height_c-1) :m_yPosC[cy]

v

END <
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53]

< Picture—based texture up-sampling procedd >

Read slice header of EL
after decoding BL picture

v

Pad left and right boundaries af
RL picture

v

Up—-sampling for each Y/Cb/Gr plane:

(1) Horizontal up-sampling;
(2) Top and bottom boundaries padding of temporary
picture buffer for horizontal filtering;
(3) Vertical up-sampling: horizontal-directional vertical filtering;

* Pre-calculated RL sample positions are used in (1) and (3).
The refore, clipping of integer pixel position is not performed.

v

Decoding of EL picture
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< PU-based texture up—sampling process >

Read slice header of EL
after decoding RL picture

| Common preparation module
| for texture up—sampling |

— — [PU-based operation] — —— —— ——< Decoding of EL picture > —

For each Inter PU in EL:
(MC process)

NO

Inter-layer prediction ?

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
: Texture up-sampling far a PU:

|| (1) Calculate RL block position corresponding to current PU: |
|| (2) Horizontal up-sampling; |
| (3) Selective padding of top or bottom boundary of temporary

| CTB buffer for horizontal filtering;

: (4) Vertical up-sampling: horizontal-directional vertical filtering; :
| |
| |
| |
| |
| |
| |
| |

* Clipping of integer pixel position is not performed in (2) and (4).
* Pre-calculated RL sample positions are used in (1),(2), and (4).

v

|f necessary, temporal prediction|-&
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(cur_x0,cur_y0)

Current PU of EL

(cur_x0+W,cur_y0+H)

|
]
|
|
|
|
|
|
|
|
|
|
|
|
]
|
|
|

(ref_x0,ref_y0)_ i
iy ;
(xRef0,yRef0) /! /
A V.
- e
)ij7<ikaef1,yRef1)

./
R\‘(re1‘_x1,ref_y1)

RL block



6/8

56|

WO 2017/010664 PCT/KR2016/004645
-4 W >
RL block e
V7 Padding only if necessary S
u - i
Hor izontal
filtering Horizontat Ty [fifltered 3
b [ ock T,
| —> (m_TempBuf [64+72] ) T
o | ||
\j
<« WRL—> ?Zzgﬁfi_dﬁ_if_‘q only if necessary — |

<«+—HRL—>

@Vertical filtering

A
Flinal [up—sampled
I
D | OcK
\J




7/8

WO 2017/010664 PCT/KR2016/004645

7]

- input: cur_x0, cur_yQ, W, H, pDst, dst_stride .
- pre-calculated RL coordinate values corresponding to EL coordinate x/y: m_xPosY[x],m_yPosY[y]

ref_y0 = (m_yPosY[cur_y0] > 4) - 3;

ref_y1 = (m_yPosY[cur_y0 + H - 1] > 4) + 4;

if (ref_y0<0) ref_y0=0; // clipping

if (ref_yl > rl_height - 1) ref_y1 = ri_height - 1; // clipping

pSrc = pRL_picture + ref_y0 = rl_picture_stride;  // RL luma plane

/[ 1) Horizontal up-sampling ' o
pOstTmp = m_pTempBuf + (64 * 4); // buffer size: [64*(64+4%2)*sizeof(int16_t)]
for (y = ref_y0; y <= ref_y1; y+) {// R {
for (k=0, x =cur_x0; k <W; k+, xH) {//ELx

xPhase = m_xPosY[x] & 15;  // filter phase

xRef = m_xPosY[x] >> 4; // AL x

pFC = m_lumaFilter [xPhase]; // filter coefficients

pDstTmp[k] = sumLumaHor8({pSrc + (xRef - 3)), pFC) >> shift1Y;

pSrc += rl_picture_stride;
pOstTmp += 64,

}
/] 2) Selective top/bottom padding for vertical up-sampling
if (refy0<=3) { // top
pTopBound = m_pTempBuf + (64+4);
for (line = 0; line < 4; linett)
memcpy(pTopBound - (line + 1)*64, pTopBound, Wrsizeof(int16_t));

if (ref_yl >= rl_height - 1-4) { // bottom
for (line = 0; line < 4; linett)
memcpy(pOstTmp + line*64, pDstTmp - 64, Wrsizeof(int16_t));

// 3) Vertical up-sampling
shift2 = 20 - bitDepth;
i0ffset = 1 << (shift2 - 1);
for (y=ocur_y0; y<cur_y0+H yH) { //ELy
yPhase = m_yPosY[y] & 15; [/ filter phase
yRef = m_yPosY[yl > 4; // RLy
DFC = m_lumaFi I ter[yPhase];
pSrc = m_pTempBuf + (64 * 4) + (yRef - ref_y0 - 3)x64;
for (x=10; x <W x+) {
pgst[x] = ClipY((sumLumaVer8(pSrc, pFC, 64) + i0ffset) > shift2, bitDepth);
pSrct

pDst += dst_stride;
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[5=8]

-input: cur_x0, cur_y0, W, H, pOst, dst_stride .
-pre—-calculated RL coordinate values corresponding to EL coordinate x/y: m_xPosCl], m_yPosCl]

ref_y0 = (m_yPosC[cur_y0] > 4) - 1;

ref_y1 = (m_yPosCleur_y0 + H - 1] > 4) + 2;

if (ref_y0 <0) ref_y0=20;

if (ref_yl > rl_height - 1) ref_yl = rl_height - 1;

pSrc = pRL_picture + ref_y0 * rl_picture_stride; // RL chroma plane (Cb or Cr)

/] 1) Horizontal up-sampling
pDstTmp = m_pTempBuf + (64 * 4); // buffer size: [64*(64+4%2)*sizeof(int16_t)]
for (y = ref_y0; y <= ref_yl; yH) {// AL {
for (k =0, x =cur_x0; k<W, kt, xt+} {// EL x

xPhase = m_xPosC[x] & 15;  // filter phase

xRef = m_xPosC[x] >> 4; // AL x

pFC = m_chromaFilter[xPhase]; // filter coefficients

pDstTmplk] = sumChromaHor4({pSrc + (xRef - 1)), pFC) >> shiftiC;

pdrc += rl_picture_stride;
pOstTmp += 64,

!
/1 2) Selective_top/bottom padding for vertical up-sampling
it (refy0<=1) { // top
pTopBound = m_pTempBuf + (64x4);
for (line = 0; line < 2; linet)
memepy(pTopBound - (line + 1)x64, pTopBound, Wxsizeof (int16_t));

if (ref_y1 >= rl_height - 1-2) { // bottom
for (line = 0; line < 2; linett)
memcpy (pDstTmp + linex64, pOstTmp - 64, Wesizeof(int16_t));

/ 3) Vertical up-sampling

shift2 = 20 - bitDepth:

i0ffset = 1 <« (shift2 - 1);

for (y=cur_y0; y<cur_y0 +H; y+) { //ELy

yPhase = m_yPosC[y] & 15;  // filter phase

yRef = m_yPosC[y| > 4; // RLy

pFC = m_chromaFllterEyPhaseK;

pSrc = m_pTempBuf + (64 * 4) + (yRef - ref_y0 - 1)%64;

for (x =05 x <W; xt) { _ _ _
pgst£1] = ClipY((sunChromaVer4(pSrc, pFC, 64) + i0ffset) > shift2, bitDepth);
pSret;

pDst += dst_stride;

}
/
S

}
[529]
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