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Abst ract

Thi s docunment provides a high-level description of the Thor video
codec. Thor is designed to achieve high conpression efficiency with
noderate conpl exity, using the well-known hybrid video coding
approach of notion-conpensated prediction and transform codi ng.
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1. Introduction

Thi s docunent provides a high-level description of the Thor video
codec. Thor is designed to achieve high conmpression efficiency with
nmoderate conpl exity, using the well-known hybrid video coding
approach of notion-conpensated prediction and transform codi ng.

The Thor video codec is a bl ock-based hybrid video codec simlar in
structure to wi despread standards. The high | evel encoder and
decoder structures are illustrated in Figure 1 and Figure 2
respectively.
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Fi gure 2: Decoder Structure

The renmai nder of this docunent is organized as follows. First, sone
requi renents | anguage and terns are defined. Block structures are
described in detail, followed by intra-frame prediction techniques,
inter-frame prediction techniques, transforms, quantization, |oop
filters, entropy coding, and finally high | evel syntax.

An open source reference inplenentation is avail able at
gi t hub. coni ci sco/ t hor

2. Definitions
2.1. Requirements Language
The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",

"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunment are to be interpreted as described in RFC 2119 [ RFC2119].
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2

3.
3.

2. Term nol ogy
Thi s docunment frequently uses the follow ng terns.

SB: Super Block - 64x64 or 128x128 bl ock (luna pixels) which can
be divided into CBs.

CB: Coding Bl ock - Subdivision of a SB, dowmn to 8x8 (luma pixels).

PB: Prediction Block - Subdivision of a CB, into 1, 2 or 4 equa
bl ocks.

TB: Transform Bl ock - Subdivision of a CB, into 1 or 4 equa
bl ocks.

Bl ock Structure
1. Super Bl ocks and Coding Bl ocks

Input frames with bitdepths of 8, 10 or 12 are supported. The
internal bitdepth can be 8, 10 or 12 regardless if input bitdepth.
The bitdepth of the output frames always follows the input franes.
Chroma can be subsanpled in both directions (4:2:0) or have ful
resolution (4:4:4).

Each franme is divided into 64x64 or 128x128 Super Bl ocks (SB) which
are processed in raster-scan order. The SB size is signaled in the
sequence header. Each SB can be divided into Coding Bl ocks (CB)
using a quad-tree structure. The smallest allowed CB size is 8x8
luma pixels. The four CBs of a larger block are coded/signaled in
the followi ng order; upleft, downleft, upright, and downright.

The follow ng nodes are signaled at the CB | evel

o Intra

0o Inter0 (skip): M/ index, no residual information

o Interl (nmerge): M index, residual information

0 Inter2 (uni-pred): explicit nmotion information, residua
i nformation

o Inter3 (ni-pred): explicit notion information, residua
i nformation
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3.2. Special Processing at Frame Boundaries
At frame boundaries some square bl ocks m ght not be conplete. For
exanpl e, for 1920x1080 resol utions, the bottomrow woul d consi st of
rectangul ar bl ocks of size 64x56. Rectangular blocks at frame
boundaries are handled as follows. For each rectangul ar bl ock, send
one bit to choose between:
0 A rectangular inter0O block and
o Further split.
For the bottom part of a 1920x1080 frame, this inplies the follow ng:

o For each 64x56 block, transmit one bit to signal a 64x56 inter0Q
block or a split into two 32x32 bl ocks and two 32x24 bl ocks.

o For each 32x24 bl ock, transmt one bit to signal a 32x24 interO
block or a split into two 16x16 bl ocks and two 16x8 bl ocks.

o For each 16x8 block, transmit one bit to signal a 16x8 interO
block or a split into two 8x8 bl ocks.

Two exanpl es of handling 64x56 bl ocks at the bottomrow of a
1920x1080 frame are shown in Figure 3 and Figure 4 respectively.
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Fi gure 3: Super block at frane boundary
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3. 4.
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franme boundary

four snmaller transform bl ocks

A coding block (CB) can also be divided into smaller prediction
bl ocks (PBs) for the purpose of notion-conpensated prediction
Hori zontal, vertical and quad split are used.

Intra Prediction

8 intra prediction nobdes are used:

1.

2

DC
Vertical (V)

Hori zontal (H)

Upupri ght (north-northeast)

Upupl eft (north-northwest)

Upl eft (northwest)
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5.

5.

7. Upleftleft (west-northwest)
8. Downleftleft (west-southwest)

The definition of DC, vertical, and horizontal npdes are
strai ght forward.

The upleft direction is exactly 45 degrees.
The upupright, upupleft, and upleftleft directions are equal to
arctan(1l/2) fromthe horizontal or vertical direction, since they are
defined by going one pixel horizontally and two pixels vertically (or
Vi ce versa).
For the 5 angular intra nodes (i.e. angle different from 90 degrees),
the pixels of the neighbor blocks are filtered before they are used
for prediction:
y(n) = (x(n-1) + 2*x(n) + x(n+l) + 2)/4
For the angular intra nodes that are not 45 degrees, the prediction
sonmetinmes requires sanple values at a hal f-pi xel position. These
sanpl e values are determined by an additional filter
z(n + 1/2) = (y(n) + y(n+l))/2
Inter Prediction
1. Miltiple Reference Franes
Multiple reference frames are currently inplenented as foll ows.
0 Use a sliding-wi ndow process to keep the N nbst recent
reconstructed franes in nenory. The value of Nis signaled in the
sequence header.

o In the frame header, signal which of these frames shall be active
for the current frane.

0 For each CB, signal which of the active frames to be used for MC
Conmbi ned with re-ordering, this allows for MPEG 1 style B franes.
A desirable future extension is to allow long-termreference franes

in addition to the short-termreference franes defined by the
sl i di ng-wi ndow process.
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5.2. Bi-Prediction

In case of bi-prediction, two reference indices and two notion
vectors are signaled per CB. 1In the current version, PB-split is not
all owed in bi-prediction node. Sub-pixel interpolation is perforned
for each notion vector/reference index separately before doing an
aver age between the two predicted bl ocks:

p(x,y) = (pO(x,y) + pl(x,y))/2

5.3. I nproved chroma prediction
If specified in the sequence header, the chroma prediction, both
intra and inter, or either, is inproved by using the |uma

reconstruction if certain criteria are met. The process is described
in the separate CLPF draft [I-D. m dtskogen-netvc-chromapred].

5.4. Reordered Franes

Frames may be transmitted out of order. Reference franmes are
sel ected fromthe sliding w ndow buffer as normal.

5.5. Interpol ated Reference Franes

A flag is sent in the sequence header indicating that interpolated
reference frames may be used.

If afranme is using an interpolated reference frane, it will be the
first reference in the reference list, and will be interpolated from
the second and third reference in the list. It is indicated by a
reference index of -1 and has a frame nunber equal to that of the
current frame.

The interpolated reference is created by a deternministic process
common to the encoder and decoder, and described in the separate
| RFVC draft [I-D. davies-netvc-irfvc].

5.6. Sub-Pixel Interpolation

5.6.1. Luma Poly-phase Filter
Inter prediction uses traditional block-based notion conpensated
prediction with quarter pixel resolution. A separable 6-tap poly-
phase filter is the basis nmethod for doing MC with sub-pixe
accuracy. The luma filter coefficients are as foll ows:

When bi-prediction is enabled in the sequence header
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1/ 4 phase: [2,-10,59,17,-5,1]/64

2/ 4 phase: [1,-8,39,39,-8,1]/64

3/ 4 phase: [1,-5,17,59,-10,2]/64

When bi-prediction is disabled in the sequence header

1/ 4 phase: [1,-7,55,19,-5,1]/64

2/ 4 phase: [1,-7,38,38,-7,1]/64

3/ 4 phase: [1,-5,19,55,-7,1]/64

Wth reference to Figure 5, a fractional sample value, e.g. i0,0
whi ch has a phase of 1/4 in the horizontal dinension and a phase of
1/2 in the vertical dinmension is calculated as foll ows:

a0,j = 2*A-2,i - 10*A-1,i + B59*A0,i + 17*Al,i - 5*A2,i + 1*A3,i
where j = -2,...,3

i0,0 = (1*a0,-2 - 8*a0,-1 + 39*a0,0 + 39*a0, 1 - 8*a0,2 + 1*a0,3 +
2048) / 4096

The m ni mum sub-bl ock size is 8x8.
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Fi gure 5: Sub-pixe

Posi tion

Filter

Luma Speci al

5.6. 2.

For the fractiona

position having exactly 2 quarter pixe

pi xel

a non-separable filter is used to

of fsets in each di mension

t he

Wth reference to Figure 5,

cal cul ate the interpol ated val ue.

center position jO,0 is calculated as foll ows:

j0,0 =

[0*A-1,-1 + 1*A0,-1 + 1*Al,-1 + 0*A2,-1 +

1*A-1,0 + 2*A0,0 + 2*A1,0 + 1*A2,0 +

1*A-1,1 + 2*A0,1 + 2*Al1,1 + 1*A2,1 +
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5.

5.

5.

6

7

7

0*A-1,2 + 1*A0,2 + 1*Al,2 + 0*A2,2 + 8]/16
3. Chroma Poly-phase Filter

Chroma interpolation is perforned with 1/8 pixel resolution using the
foll owi ng pol y-phase filter.

1/ 8 phase: [-2, 58, 10, -2]/64
2/ 8 phase: [-4, 54, 16, -2]/64
3/ 8 phase: [-4, 44, 28, -4]/64
4/ 8 phase: [-4, 36, 36, -4]/64
5/ 8 phase: [-4, 28, 44, -4]/64
6/ 8 phase: [-2, 16, 54, -4]/64
7/ 8 phase: [-2, 10, 58, -2]/64
Moti on Vector Coding
1. Inter0 and Interl Mddes

InterO and interl nodes inply signaling of a nmotion vector index to
choose a notion vector froma list of candidate notion vectors with
associ ated reference frame index. A list of notion vector candi dates
are derived fromat nost two different neighbor bl ocks, each having a
uni que notion vector/reference frame index. Signaling of the notion
vector index uses 0 or 1 bit, dependent on the nunmber of unique

nmoti on vector candidates. |f the chosen nei ghbor block is coded in
bi -prediction node, the interO or interl block inherits both notion
vectors, both reference indices and the bi-prediction property of the
nei ghbor bl ock

For bl ock sizes |ess than 64x64, interO has only one notion vector
candidate, and its value is always zero.

Whi ch nei ghbor bl ocks to use for notion vector candi dates depends on
the availability of the neighbor blocks (i.e. whether the nei ghbor

bl ocks have al ready been coded, belong to the same slice and are not
outside the frame boundaries). Four different availabilities, U UR
L, and LL, are defined as illustrated in Figure 6. |If the neighbor
block is intra it is considered to be available but with a zero

noti on vector.

Ful dseth, et al. Expires May 4, 2017 [ Page 13]
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Figure 6: Availability of neighbor bl ocks
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Figure 7: Mtion vector candi dates

The choi ce of notion vector candi dates depends on the availability of
nei ghbor bl ocks as shown in Table 1.
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R TR R TR e e e meeeeieeeeaeeeas +
U | UR | L | LL | Mtion vector candi dates
[ [ o m e e e e e e e e e aa oo +
| 0 | O | 0 | O | zero vector [
| 2 | O | O | O | U2, zero vector |
| O |1 | 0 | 0O | NA I
| 1 ] 1 | 0 | O | U2,zero vector [
| O | O | 2 | O | L2, zero vector |
| 1 ] 0 |1 | 0 | W,L2 [
|0 |1 | 1 |0 |NA I
| 1 |1 |1 | 0 | WL2 |
| 0 | 0O | 0 | 1 | NA I
| 1 ] 0 | 0 | 1 | NA I
| 0O |1 |0 | 1 | NA I
|1 1 |0 |1 | NA |
| 0 | O | 1 ] 1 | L2, zero vector [
| 1 ] 0 |1 | 1 | WwL2 |
o |1 | 1 |1 | NA I
| 1 ]2 |1 | 1 | WwL2 [
Fom e m - - - Fom e m - - - B +

Table 1: Modtion vector candidates for different availability of
nei ghbor bl ocks

5.7.2. Inter2 and Bi-Prediction Mdes

Motion vectors are coded using notion vector prediction. The notion
vector predictor is defined as the nedian of the notion vectors from
t hree nei ghbor bl ocks. Definition of the notion vector predictor
uses the sane definition of availability and neighbors as in Figure 6
and Figure 7 respectively. The three vectors used for nedi an
filtering depends on the availability of neighbor bl ocks as shown in
Table 2. If the neighbor block is coded in bi-prediction node, only
the first notion vector (in transm ssion order), MO, is used as

i nput to the nmedi an operator

Ful dseth, et al. Expires May 4, 2017 [ Page 15]
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5.

3 X zero vector
uo, U1, U2

NA

uo, U2, UR

LO, L1, L2

UL, U2, L2

NA

U0, UR, L2, LO

' POPRPOFRPORPORORORORO

Tabl e 2: Nei ghbor bl ocks used to define notion vector predictor
t hrough nedian filtering

7.3. Mbdtion Vector Direction

Motion vectors referring to reference franes later in tinme than the
current frame are stored with their sign reversed, and these reversed
val ues are used for coding and notion vector prediction.

Tr ansf or s

Transforns are applied at the TB or CB level, inplying that transform
sizes range from4x4 to 128x128. The transforns form an enbedded
structure neaning the transformmatrix elenents of the snaller
transforms can be extracted fromthe | arger transforns.

Quanti zati on

For the 32x32, 64x64 and 128x128 transform sizes, only the 16x16 | ow
frequency coefficients are quantized and transnitted.

The 64x64 inverse transformis defined as a 32x32 transform fol |l owed
by duplicating each output sanmple into a 2x2 bl ock. The 128x128
inverse transformis defined as a 32x32 transform foll owed by
duplicating each output sanple into a 4x4 bl ock

Ful dseth, et al. Expires May 4, 2017 [ Page 16]
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7.1. Quantization matrices

A flag is transmtted in the sequence header to indicate whether
quantization nmatrices are used. If this flag is true, a 6 bit value
gntx_offset is transnmtted in the sequence header to indicate matrix
strengt h.

If used, then in dequantization a separate scaling factor is applied
to each coefficient, so that the dequantized val ue of a coefficient
ci at position i is:

(ci * d(qg) * IWi,c,s,t,q) + 27k + 5)) > (k + 6)

Figure 8: Equation 1

where IWis the scale factor for coefficient position i with size s,
frane type (inter/inter) t, component (Y, Cb or Cr) ¢ and quanti zer
q; and k=k(s,q) is the dequantization shift. |Whas scale 64, that
is, a weight value of 64 is no different to unwei ghted
dequanti zati on.

7.1.1. Quantization matrix sel ection

The current luma gp value qpY and the of fset val ue gntx_of fset
determne a quantisation matrix set by the fornul a:

gm evel = max(0, min(11, ((gpY + gntx_offset) * 12) / 44))

Figure 9: Equation 2

This selects one of the 12 different sets of default quantization
matrix, with increasing gmevel indicating increasing flatness.

For a given value of gmevel, different weighting matrices are

provi ded for all conbinations of transform bl ock size, type (intra/
inter), and conponent (Y, Cb, C). Matrices at |low gmevel are flat
(constant value 64). WMatrices for inter frames have unity DC gain
(i.e. value 64 at position 0), whereas those for intra frames are
desi gned such that the inverse weighting matrix has unity energy gain
(i.e. normalized sum squared of the scaling factors is 1).
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7.1.2. Quantization matrix design

Further details on the quantization matrix and inpl enentati on can be
found in the separate QWIX draft [I-D. davi es-netvc-qgntx].

8. Loop Filtering
8.1. Debl ocking
8.1.1. Lunmm debl ocking
Luma debl ocking is perfornmed on an 8x8 grid as foll ows:

1. For each vertical edge between two 8x8 bl ocks, calculate the
followi ng for each of Iine 2 and line 5 respectively:

d = abs(a-b) + abs(c-d),

where a and b, are on the left hand side of the block edge and c
and d are on the right hand side of the bl ock edge:

ab] cd

2. For each line crossing the vertical edge, perform deblocking if
and only if all of the followi ng conditions are true:

* d2+d5 < beta(QP)

* The edge is also a transform bl ock edge

* abs(nvx(left)) > 2, or abs(nvx(right)) > 2, or
abs(nvy(left)) > 2, or abs(nvy(right)) > 2, or

One of the transform bl ocks on each side of the edge has non-
zero coefficients, or

One of the transform bl ocks on each side of the edge is coded
using intra node.

3. If deblocking is perforned, calculate a delta value as follows:
delta = clip((18*(c-b) - 6*(d-a) + 16)/32,tc,-tc),
where tc is a QP-dependent val ue.

4. Next, nodify two pixels on each side of the block edge as
fol | ows:
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a = a+ delta/2
b = b + delta
¢ =c + delta
d =d + delta/2
5. The same procedure is followed for horizontal block edges.

The relative positions of the sanples, a, b, ¢, d and the notion
vectors, MV, are illustrated in Figure 10.

I
| bl ock edge
I

e e e+
| al b| c| d]

S

m

nv I
X, left | X, ri ght
I

nv nv
y, left y, right
Fi gure 10: Debl ocking filter pixel positions
8.1.2. Chroma Debl ocking
Chroma debl ocking is perfornmed on a 4x4 grid as foll ows:

1. Del ocking of the edge between two 4x4 blocks is perfornmed if and
only if:

* The pixels on either side of the block edge belongs to an
intra bl ock.

* The block edge is also an edge between two transform bl ocks.
2. If deblocking is perforned, calculate a delta value as follows:
delta = clip((4*(c-b) + (d-a) + 4)/8,tc,-tc),

where tc is a QP-dependent val ue.
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3. Next, nodify one pixel on each side of the block edge as foll ows:

b’ = b + delta

c’ c + delta

8.2. Constrained Low Pass Filter (CLPF)
A lowpass filter is applied after the deblocking filter if signaled
in the sequence header. It can still be switched off for individua
franes in the frame header. Also signhaled in the frane header is
whether to apply the filter for all qualified 128x128 bl ocks or to
transmt a flag for each such block. A super block does not qualify
if it only contains InterO (skip) coding block and no signal is
transmtted for these bl ocks.

The filter is described in the separate CLPF draft
[1-D. mdtskogen-netvc-clpf].

9. Entropy coding
9.1. Overview
The following information is signaled at the sequence |evel
0 Sequence header
The following information is signaled at the frame | evel
0o Frane header
The following information is signaled at the CB | evel
0 Super-node (node, split, reference index for uni-prediction)
0o Intra prediction node
o PB-split (none, hor, ver, quad)
o TB-split (none or quad)
o0 Reference franme indices for bi-prediction
o Mbdtion vector candi date index
o0 Transformcoefficients if TB-split=0

The following information is signaled at the TB | evel
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o CBP (8 conbinations of CBPY, CBPU, and CBPV)
o Transform coefficients
The following infornmation is signaled at the PB | evel:
0 Mdtion vector differences
9.2. Low Level Syntax
9.2.1. CB Level

super - node (interO/split/interl/inter2-refO/intra/inter2-refl/inter
2-ref2/inter2-ref3,..)

if (mde == inter0 || node == interl)
mv_i dx (one of up to 2 notion vector candi dates)
el se if (npde == | NTRA)
i ntra_node (one of up to 8 intra nodes)
tb split (NONE or QUAD, coded jointly with CBP for tb_spl
i t =NONE)
else if (npde == | NTER)
pb_split ( NONE, VER, HOR, QUAD)

tb_split_and_cbp (NONE or QUAD and CBP)

el se if (node == BI PRED)

mvd_x0, nvd_yO0 (rmotion vector difference for first vector)
mvd_x1, nvd_y1l (rmotion vector difference for second vector)
ref idx0, ref _idxl (two reference indices)

9.2.2. PB Level
if (nmobde == INTER2 || npde == Bl PRED)

mvd_x, nvd_y (rmotion vector differences)
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(8 possibilities for CBPY/ CBPU CBPV)

if (node !'= INTERO and tb_split == 1)
cbp
if (node != | NTERO)

transform coefficients

2.4. Super

For each bl ock of size NxN (64>=N>8),

Mode

the follow ng nutually

excl usive events are jointly encoded using a single VLC code as
foll ows (exanple using 4 reference frames):

If there is

I NTERO
SPLIT

I NTERL

I NTER2- REFO
Bl PRED

I NTRA

| NTER2- REF1
| NTER2- REF2
I NTER2- REF3

If there is

I NTERO
SPLIT

I NTERL

Bl PRED

I NTRA

| NTER2- REF1
| NTER2- REF2
| NTER2- REF3
I NTER2- REFO

no i nterpolated reference frane:

1

01

001

0001

00001

000001
0000001
00000001
00000000

an interpol ated reference frane:

1

01

001

0001

00001
000001
0000001
00000001

00000000

If less than 4 reference frames is used, a shorter VLC table is used.

If bi-pred

is not possible, or split is not possible,

they are

omtted fromthe table and shorter codes are used for subsequent

el ement s.

Addi tionally,

and above (
be used, e.

et al.

depending on information fromthe blocks to the |eft

meta data and CBP), a different sorting of the events can

g.:
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SPLIT 1

| NTERL 01

I NTER2- REFO 001

I NTERO 0001
I NTRA 00001

| NTER2- REF1 000001
| NTER2- REF2 0000001
| NTER2- REF3 00000001
Bl PRED 00000000
9.2.5. CBP
Cal cul ate code as foll ows:
if (tb-split == 0)
N = 4*CBPV + 2*CBPU + CBPY
el se
N =28
Map the value of N to code through a tabl e | ookup
code = tabl e[ N
where the purpose of the table lookup is the sort the different
val ues of code according to decreasing probability (typically CBPY=1

CBPU=0, CBPV=0 havi ng the hi ghest probability).

Use a different table depending on the values of CBPY in nei ghbor
bl ocks (Il eft and above).

Encode the val ue of code using a systematic VLC code

9.2.6. Transform Coefficients
Transform coefficient coding uses a traditional zig-zag scan pattern
to convert a 2D array of quantized transform coefficients, coeff, to
a 1D array of sanples. VLC coding of quantized transform
coefficients starts fromthe | ow frequency end of the 1D array using
two different nodes; |evel-node and run-node, starting in |evel-node
0 Level -node

* Encode each coefficient, coeff, separately

* Each coefficient is encoded by:
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+ The absol ute val ue, |evel =abs(coeff), using a VLC code and

+ If level > 0, the sign bit (sign=0 or sign=1 for coeff>0 and
coef f <0 respectively).

* |f coefficient Nis zero, switch to run-node, starting from
coefficient N+1.

o Run-node
* For each non-zero coefficient, encode the conbi ned event of:

1. Length of the zero-run, i.e. the nunber of zeros since the
| ast non-zero coefficient.

2. \Wether or not |evel =abs(coeff) is greater than 1.

3. End of block (EOB) indicating that there are no nore non-
zero coefficients.

* Additionally, if level =1, code the sign bit.
* Additionally, if level > 1 define code = 2*(level -2)+sign

* |f the absolute value of coefficient Nis larger than 1, switch
to | evel -node, starting fromcoefficient N+1

Exanpl e

Figure 11 illustrates an exanple where 16 quantized transform
coefficients are encoded.

N
N

1 1 1 |
0 0 0 0 |
|

Figure 11: Coefficients to encode

Tabl e 3 shows the node, VLC nunber and synbols to be coded for each
coefficient.
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F o m e o m e o +
| I'ndex | abs(coeff) | Mbde | Encoded symnbol s |
Fom e e e - - TSRS TSRS o mm e e e e e e e e e aa o n +
| O | 2 | level-node | l|evel=2,sign [
| 1 | 1 | level-node | level=1,sign |
| 2 | 4 | level-node | |evel=4,sign [
| 3 | 1 | level-node | I|evel=1,sign |
| 4 | O | level-node | |evel =0 |
| 5 | O | run-node | |
| 6 | 1 | run-node | (run=1,Ievel =1) [
| 7 | O | run-node | |
| 8 | O | run-node | |
| 9 | 3 | run-node | (run=1,Ievel >1), |
I I I | 2*(3-2)+sign I
| 10 | 2 | level-node | level=2, sign |
| 11 | O | level-node | I|evel=0 [
| 12 | O | run-node | |
| 13 | 1 | run-node | (run=1,1level =1) |
| 14 | O | run-node | EOB [
| 15 | O | run-node | |
Fom e e e - - TSRS TSRS o mm e e e e e e e e e aa o n +

Tabl e 3: Transform coefficient encoding for the exanpl e above.

10. High Level Syntax
Hi gh |l evel syntax is currently very sinple and rudinmentary as the
primary focus so far has been on conpression performance. It is
expected to evolve as functionality is added.

10.1. Sequence Header
0o Wdth - 16 bits
0 Height - 16 bits
o Enabl e/disable PB-split - 1 bit
0 SBsize - 3 bits
o Enabl e/disable TB-split - 1 bit
0 Nunber of active reference franes (nmay go into franme header) - 2

bits (max 4)
o0 Enable/disable interpolated reference franes - 1 bit
0 Enable/disable delta gp - 1 bit
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10.

Enabl e/ di sabl e debl ocking - 1 bit

Constrained | owpass filter (CLPF) enable/disable - 1 bit
Enabl e/ di sabl e bl ock context coding - 1 bit
Enabl e/ di sabl e bi-prediction - 1 bit

Enabl e/ di sabl e quanti zation matrices - 1 bit

If quantization nmatrices enabled: quantization matrix offset - 6
bits

Sel ect 420 or 444 input - 1 bit
Nunber of reordered frames - 4 bits
Enabl e/ di sable chroma intra prediction fromluma - 1 bit
Enabl e/ di sable chroma inter prediction fromluma - 1 bit
Internal frame bitdepth (8, 10 or 12 bits) - 2 bits
I nput video bitdepth (8, 10 or 12 bits) - 2 bits
Frame Header
Frame type - 1 bit
QP - 8 bits
Identification of active reference franes - numref*4 bits
Nunber of intra nodes - 4 bits
Nunber of active reference frames - 2 bits

Active reference frames - nunber of active reference franes * 6
bits

Frame nunber - 16 bits

If CLPF is enabled in the sequence header: Constrained | ow pass
filter (CLPF) strength - 2 bits (00 = off, 01 = strength 1, 10 =
strength 2, 11 = strength 4)

IF CLPF is enabled in the sequence header: Enabl e/di sabl e CLPF
signal for each qualified filter block
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11. | ANA Consi derations
Thi s docunment has no | ANA considerations yet. TBD
12. Security Considerations
Thi s docunent has no security considerations yet. TBD
13. Normative References
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codi ng", draft-davies-netvc-irfvc-00 (work in progress),
Cct ober 2015.
[1-D. davi es- net vc- gnt x]
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