Net wor k Wor ki ng Group S. M dtskogen
I nternet-Draft Ci sco
I nt ended status: Standards Track Cctober 31, 2016
Expires: May 4, 2017

| mproved chroma prediction
draft-m dt skogen- net vc- chr onapr ed- 02

Abst r act
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prediction in the Thor video codec.
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1. Introduction

Modern vi deo coding standards such as Thor [I-D.ful dseth-netvc-thor]
formpredictions for the Iuma channel (Y) and chroma channels (U and
V) which are encoded separately (in that order). The prediction for
each channel has spatial or tenporal dependencies only inits own
channel . Most of the perceived information of a video is to be found
in the luma channel, but there still remain correlations between the
Il uma and chroma channels. For instance, the same shape of an object
can often be seen in all three channels, and if this correlation is
not exploited, sone structural information will be transmtted three
times. Thor will attenpt to inprove the chroma prediction by finding
I inear relationships between the each of the initial chroma
predictions and the luma prediction, and if certain criteria are
satisfied, use that relationship to forma new prediction based on
the reconstructed | uma sanpl es.

2. Definitions
2.1. Requirenments Language

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "COPTIONAL" in this
docunent are to be interpreted as described in RFC 2119 [ RFC2119].

3. Background

The i nproved predictions are derived fromthe reconstructed | uma
sampl es using a mapping. The underlying assunption is that the
colours can be identified by their lumnosities. Informally we can
say that a new chroma prediction is fornmed fromthe reconstructed
luma bl ock painted with the colours of the initial chroma prediction
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There is often a linear correlation between the |uma and chroma
channel, so that a chroma sanple ¢ can be expressed by the |inear
function

c=a'y+b

Figure 1: Linear relationship

where y is the corresponding |uma sanple. This observation has been
previously been used in techniques to convert YW 4:2:0 and YWV 4:2:2
imges to YW 4:4:4, and in a (rejected) proposal for HEVC as a
special intra node. Thor, however, generalises the prediction, so it
does not depend on the coding node (i.e. whether inter or intra, or
the kind of inter/intra node).

Since it would be too costly to transnit the values a and b in the
i near mapping, and since both the encoder and decoder nust be able
to conmpute identical predictions, a and b are derived fromdata
available to both using linear regression

4. Conputing the inproved prediction

Since the assunption that the correlation is the same in the

predi cted block and in the reconstructed block is not always true,
the new prediction fromluma m ght not be better even when there is a
very good correlation in the predicted bl ock. Therefore, we can only
expected an inprovenent if the initial prediction is bad, and the
luma residual is used as an estimate for this. The initial chroma
prediction is kept unless the average squared difference between the
reconstructed luma sanples yr and the predicted y sanples for an N*N
predi ction block is above 64:

\
F__ (yr(i, ) - y(@i, j)) ~ 2
J

Figure 2: Requirenent for inprovenent 1
The encoder and decoder nust conpute a and b using the sane | east

square fit for an N*N prediction block, where y and ¢ denote the |una
and chroma sanples in the initial prediction
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Figure 3: Equations for linear regression 1

These sums will all be contained within a 32 bit signed integer when
the internal bitdepth is 8. (Oherwise 64 bit integers nmust be used.
Then the foll owing nust be conputed using 64 bit arithmetic

regardl ess of bitdepth:

SSyy = YYsum - ((Ysum* Ysun) >> 2*| 0g2(N))
SScc = CCsum - ((Csum * Csunm) >> 2*| 0g2(N))
SSyc = YCsum - ((Ysum* Csum >> 2*|0g2(N))

Fi gure 4: Equations for linear regression 2

Still using 64 bit arithnetic, if

SSyy >0 /\ 2 * SSyy * SSyy > SSyy * SScc

Figure 5: Requirenent for inprovenent 2

then it is assuned that the correlation is reasonably good and a new
prediction will be conmputed and used. Oherwise, the initial
prediction will be kept. First, a and b nust be conputed. 2715 is
added to b to ensure correct rounding |ater on.
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(SSyc << 16) / SSyy
(((Csum << 16) - a * Ysunm) >> 2*|o0g2(N)) + (1 << 15)

Figure 6: Equation for linear regression 3

The final operations are performed with 32 bit arithnetic, so a nust
be clipped to [-27"(31-B), 27(31-B)], where Bis the bitdepth, and b
must be clipped to [-2731, 2731-1]. The a new chroma prediction c
is conputed using the reconstructed |uma sanples yr, a and b, and a
clipping function saturating the results to an 8 bit val ue:

¢ (i, j) =clip((a* yr(i, j) + b) >> 16)

Figure 7: Inproved chroma prediction

The above assunes 4:4:4 format. For the 4:2:0 format the predicted
| uma bl ock rmust be subsanpled first:

y (i,j) = (y(2*i, 2*j) +y(2*i+i, 2j) +
y(2%i, 2*j+1) + y(2*i+1, 2*j+1) + 2) >> 2

Fi gure 8: Subsanpling of predicted |uma bl ock
The resulting new chroma prediction nmust al so be subsanpl ed. The

clipping is perfornmed before the subsanpling.

c (i, j) = (clip((a*yr(2*i, 2*j) + b) >> 16) +
clip((a*yr(2*i+1, 2*j) + b) >> 16) +
clip((a*yr(2*i, 2*j+1) + b) >> 16) +
clip((a*yr(2*i+1, 2*j+1) + b) >> 16) + 2) >> 2

Figure 9: Subsanpling of inproved chroma prediction
In intra node the chronma prediction inprovenent nust be perforned

right after each transform since the new chronma reconstruction will
be used to predict the next block
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5.

Per f or mance

The i nproved chroma prediction may significantly inprove the
conpression efficiency for inmages or video containing high
correlations between the channels. It is particularly useful for
encodi ng screen content, 4:4:4 content, high frequency content and
"difficult" content where traditional prediction techniques perform
poorly. Little quality change is seen for content not in these
categories, but there is a general small increase in chroma PSNR

An encoded configured for |ow delay and hi gh conplexity was used for
the following results. The nunbers have been conputed using the

Bj ontegaard Delta Rate (BDR [BDR]). The rates for Y, U and V have
been shown separately.

. e e +
[ [ 4:4: 4 [ 4:2:0 [
T e e e e e e +
| Sequence | Y | u | V| Y | u | V|
S Homm - - Homm - - Homm - - Homm - - Homm - - Homm - - +

| cad_waveform

| pcb_I ayout

| ppt _doc_xl's

| ve_doc_sharing
| web_br owsi ng

-21.3%-27.0%-24.0% O
-9.2%-13.3%-10. 6% -1
-6.3%-14.1%-12. 7% -0
-2.9% -6.4% -6.9% O. . .
-0.5% -1.1% -1.5% 0.3% -0.5% -1.0%
1
0
0

| wor dEdi ti ng -1.8% -5.9% -4.8% 5 1.2% 1.1%
| par k_j oy -0.5% -2.6% -0.9% -0.0% -0.8% 0.4%
|old town _cross| -0.1% -2.2% -1.2% 0% -0.6% -0.2%
o Fom e e Fom e e Fom e e Fom e e Fom e e Fom e e +
| Aver age | -5.3% -9.1% -7.8% 0.1% -0.9% -0.7%
B Fomm - - - Fomm - - - Fomm - - - Fomm - - - Fomm - - - Fomm - - - +

Fi gure 10: Conpression Perfornmance, inproved prediction for intra
bl ocks only
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oo Fom e e Fom e e +
| | 4:4: 4 | 4:2:0 |
S Homm - - Homm - - Homm - - Homm - - Homm - - Homm - - +
| Sequence [ Y | Uu | Vo Y | Uu | Vo
o Homm e Homm e Homm e Homm e Homm e Homm e +

| cad_wavef orm

| pcb_I ayout

| ppt _doc_xlI's

| ve_doc_sharing
| web_br owsi ng

-23.19%-28.9%-26.1% -2.6% -3.6% -3.5%
-21.0%-29.0% -21. 0% -5.4% -7.9% -5.4%
-9.0%-19. 0% -17.5% -0.2% -0.2% -1.2%
-4.7% -9.6% -9.6% -0.1% -1.0% -0.4%
5% -1.5% -0.5% -1.2% -1.2%

1
' ©
2
=
1
'_\

| wor dEdi ti ng -11.3%-13. 7% -11. 7% -3.0% -4.2% -3.2%
| park_j oy -5.5% -7.4% -7.1% -0.9% -1.9% -1.6%
|old_town_cross| -1.7% -3.6% -2.2% -0.3% -4.1% -1.6%
B Fomm - - - Fomm - - - Fomm - - - Fomm - - - Fomm - - - Fomm - - - +
| Aver age | -9.6%-14.1%-12.1% -1.6% -3.0% -2.3%
S Homm - - - Homm - - - Homm - - - Homm - - - Homm - - - Homm - - - +

Figure 11: Conpression Perfornmance, inproved prediction using intra
only coding

. e e +
[ [ 4:4: 4 [ 4:2:0 [
T e e e e e e +
| Sequence | Y | u | V| Y | u | V|
S Homm - - Homm - - Homm - - Homm - - Homm - - Homm - - +

| cad_waveform

| pcb_I ayout

| ppt _doc_xl's

| ve_doc_sharing
| web_br owsi ng

-11.5%-14. 4% -12.7% 0
-3.2% -5.5% -4.8% -0
-0.1% -0.7% -0.3% O. . .
-0.4% -0.6% -1.6% -0.0% -0.4% -0.6%
2% 0.1% O

0

0

0

B - o
s
=
o

| wor dEdi ti ng -3.7% -5.8% -6.2% 4% -0.9% -1.4%
| par k_j oy -1.6% -8.6% -1.5% 0% -3.5% -0.2%
|old town _cross| -0.0% -0.4% -0.1% 0% 0.1% -0.2%
o Fom e e Fom e e Fom e e Fom e e Fom e e Fom e e +
| Aver age | -2.5% -4.5% -3.4% 0.0% -1.1% -1.1%
B Fomm - - - Fomm - - - Fomm - - - Fomm - - - Fomm - - - Fomm - - - +

Fi gure 12: Conpression Perfornmance, inproved prediction for inter
bl ocks only
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oo Fom e e Fom e e +
| | 4:4: 4 | 4:2:0 |
S Homm - - Homm - - Homm - - Homm - - Homm - - Homm - - +
| Sequence [ Y | Uu | Vo Y | Uu | Vo
o Homm e Homm e Homm e Homm e Homm e Homm e +

| cad_wavef orm

| pcb_I ayout

| ppt _doc_xlI's

| ve_doc_sharing

1
o
g

=

1

NOOEOBROL
RS
=

1
H
g

=

0.
| web_br owsi ng 0.2% -0.3% -2.0%
| wor dEdi ti ng -3.49% -6.8% -6.69% 0.69% -0.5% -1.4%
| park_j oy -1.7% -9.2% -1.7% -0.0% -4.0% 0.0%
|old_town_cross| -0.1% -2.2% -1.09% 0.1% -0.5% -0.1%
B Fomm - - - Fomm - - - Fomm - - - Fomm - - - Fomm - - - Fomm - - - +
| Aver age | -6.5%-11.0% -9.2% -0.5% -2.1% -2.0%
S Homm - - - Homm - - - Homm - - - Homm - - - Homm - - - Homm - - - +

Fi gure 13: Conpression Performance, inproved prediction for intra and
i nter bl ocks

6. | ANA Consi derations
Thi s docunment has no | ANA consi derations yet. TBD
7. Security Considerations
Thi s docunent has no security considerations yet. TBD
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