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Abst r act

Thi s docunment proposes a screencasting encodi ng node based on the
Haar wavel et transformand L1-tree wavel et (L1TW coding.

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunments of the Internet Engineering
Task Force (1ETF). Note that other groups may also distribute

wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at http://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft documents valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."

This Internet-Draft will expire on January 7, 2016.
Copyright Notice

Copyright (c) 2015 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

This docunment is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Documents
(http://trustee.ietf.org/license-info) in effect on the date of
publication of this docunent. Please review these docunents
carefully, as they describe your rights and restrictions with respect
to this docunent. Code Conponents extracted fromthis docunent nust
include Sinplified BSD Li cense text as described in Section 4.e of
the Trust Legal Provisions and are provided without warranty as
described in the Sinplified BSD License.

Thi s docunent may not be nodified, and derivative works of it may not
be created, and it may not be published except as an Internet-Draft.
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1. I nt roduction

Screensharing is an inportant application for an Internet video
codec. Screensharing content differs from photographic images in
many ways, including:

0 Text: screenshots often contain anti-aliased text on a perfectly
flat background. This nmakes ringing artefacts highly perceptible.
Al so, typical photographic codecs based on the discrete cosine
transform (DCT) cannot take advantage of the fact that the
background often has a constant col our.

0 Lines and edges. Screenshots often contain perfectly straight
hori zontal and/or vertical lines. They appear in w ndow franes,
tool bars, wi dgets, spreadsheets, etc. DCT-based codecs can
represent those lines and edges, but not as conpactly as codecs
I'i ke PNG

0 Reduced nunber of colours: Screenshots are much | ess "noisy" than
phot ographic images. It is comon for a certain region of an
imge to only contain a handful of different colours, another
property we would like to exploit in a video codec.

0 A very common notion pattern in screensharing content is the
di spl acenent of windows. This typically involves rectangul ar
boundari es.

The techni que described in this docunent only deals with still inmages
for now and focuses on the problemof efficiently coding anti-aliased
text. Wile it is inplenented for the Daal a [ Daal a-website] codec,

it should be applicable to nost other video codecs.
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The Haar Wavel et

The Haar wavel et <https://en.w ki pedi a. org/wi ki /Haar_wavelet> is the
sinmplest of all orthogonal wavelets, and also the only one with

| i near phase. W use the Haar transform both because it is spatially
conmpact and because it makes it easy to switch between a wavel et
transform and the DCT

In 1-D, a single level of the Haar transformis expressed as:
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The 2-D Haar transformis inplenmented froma 2x2 lifting Haar kernel

i nputs: x0, x1, x2, x3
X0 <= x0 + x2

x3 <= x3 - x1

tmp <= (x0 - x3) > 1
X1 <= tnp - x1

X2 <= tnmp - x2

x0 <= x0 - x1

X3 <= x3 + x2

out puts: x0, x1, x2, x3

This kernel has perfect reconstruction, nmaking it also useful for
| ossl ess conpressi on

The kernel above is applied on 5 | evels for 32x32 superbl ocks. The
resulting wavel et coefficients are quantized non-uniformy using the
foll owi ng quantization scales relative to the DC quantizer (from| ow
frequency to high frequency):

hori zontal /vertical: [1.0, 1.0, 1.0, 1.5, 2.0]
di agonal : [1.0, 1.0, 1.5, 2.0, 3.0]
L1- Tree Codi ng

Li ke other wavel et codi ng net hods such as EZWand SPI HT, we code the
wavel et coefficients using trees. The main difference however is
that rather than being based on the maxi num coefficient value in a
tree, this technique is based on the sum of the absol ute val ues of
all coefficients in the tree. Let x(i,j) denote the quantized
wavel et coefficient at position (i,j), the children of x(i,j) are
x(2*%i,2%j), x(2*i,2*j+1), x(2*i+1,2*j), and x(2*i+1,2*j+1). The
absolute sumof the tree rooted in (i,j) is defined recursively as:
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S(i,j) x(i,j)| + S(2*i,2*j) + S(2*i,2*)+1)

= | x(i
+ S(2*%i +1,2*%)) + S(2*i+1, 2*j +1),

with S(i,j)=0 for i or j >= N C(i,j) is defined as S(i,j)
- x|

Coefficient coding starts at the root of each of the three "direction
trees": (1,0), (0,1), and (1,1). At each level we code the val ue

of |x(i,j)] using a cunul ative density functi on adapted based on the
value of S(i,j). Coding [x(i,j)| inmplies that the value of C(i,j) is
known to the decoder, so it does not need to be coded. Three synbols
are then required to encode each of the new roots: S(2*i,2*%),
S(2*i,2*j+1), S(2*i+1,2*j), and S(2*i +1, 2*j +1).

At the top level, we have S(0,0) = S(1,0) + S(0,1) + S(1,1), so that
completely flat blocks can be coded with a single S(0,0)=0 synbol .
The DC is coded separately.

4. Results

The coded i nages obtained with the Haar transform and L1TW have far
better subjective visual quality than those obtained with the | apped
DCT or with JPEG and of conparable quality to those obtained with
x264 <http://ww. vi deol an. or g/ devel oper s/ x264. ht M > and x265
<http://x265.0rg/ > An exanple inage at around 0.35 bit/pixel is
provided at <http://jmvalin.cal/video/haar_exanple/>  The x264 inmage
encoded with options "--preset placebo --crf=27" and the x265 inmage
is encoded with "--preset slow --crf=29"

Whil e the technique presented here works relatively well on the

exanpl e above, there are still cases where it perforns significantly
wor se than x265. These include gradients, such as those in tool bars
and wi ndow titlebars, and long horizontal and vertical |ines such as

those found in spreadsheets. These cases should i nprove once we

i mpl ement the ability to dynamically switch between the | apped DCT
and the Haar transform Qher ways of inproving performance on |ong
lines and edges would be to extend to use a different 2D wavel et
deconposition, or use an overconpl ete basis.

5. (Objective Evaluation

As a first step for evaluating screensharing quality, we have added a
smal | collection of screenshot inmages to the "Are W Conpressed Yet?"
(AWCY) <https://areweconpressedyet.conm > website, under the
"screenshots" set name. AWCY currently runs four quality netrics:
PSNR, PSNR-HVS, SSIM and FAST-SSIM [I|-D. daede-netvc-testing]. It is
not yet clear that and of these netrics is suitable for evaluating
the quality of screensharing naterial

Valin Expi res January 7, 2016 [ Page 4]



Internet-Draft Screencasting and L1TW July 2015

6. Devel oprment Repository
The algorithms in this proposal are being devel oped as part of
Xiph.Org's Daala project. The code is available in the Daala git
repository at <https://git.xiph.org/daala.git> See [Daal a-website]
for nmore infornmation.

7. | ANA Consi derations
Thi s docunent nakes no request of | ANA

8. Security Considerations
This draft has no security considerations.

9. Acknow edgenents

Thanks to Tinmothy B. Terriberry for useful feedback and for
designing the 2-D Haar lifting kernel.

10. I nformati ve References

[ Daal a- websi t e]
"Daal a website", Xiph.O g Foundation , <https://xiph.org/
daal a/ >.

[1-D. daede-netvc-testing]
Daede, T. and J. Jack, "Video Codec Testing and Quality
Measurenent”, draft-daede-netvc-testing-00 (work in
progress), March 2015.

Aut hor’' s Address
Jean-Marc Valin
Mozilla
331 E. Evel yn Avenue
Mountain View, CA 94041
USA

Email: jnvalin@nvalin.ca

Valin Expi res January 7, 2016 [ Page 5]



