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. Motivation

Most current video codecs work on signal level
(e.g. MPEG2, h.264)

No account of the way in which the video is to be
viewed

The following inspire a HVS based codec

— Perceptual coding & the human visual system
— Eye tracking

— Visual Saliency
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. Motivation
Human Visual System

Human eye has high

sensitivity spot: fovea

Human Visual System
comprises top-down &

bottom-up processes

Perceptual coding involves

exploitation of the HVS
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. Motivation
Eye Tracking

Human eyes have a small “high resolution” spot —
fovea

Human Visual System scans scenes and brain
merges “pictures” together to obtain “high quality”
representation

Can use eye tracking technigues to establish
where exactly a person is looking at any one time
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1. Motivation
Eye Tracking

» |If people tend to look at the same place on video then there

are various uses:
— Variable quality coding
— Error protection
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. Motivation
Visual Saliency

Bottom up technique based on models for Human
Visual System

— Intensity

— Colour

— Motion

— etc

Combine these maps into a saliency map and
attempt to simulate gaze patterns
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1. Motivation
Visual Saliency
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1. Motivation
Limitations of Saliency

* Bottom up only — no account of context

e High complexity
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2. Proposed Coding Framework

« Variable quality code according to predicted human

visual system response to given stimulus

» Different contexts utilise different gaze prediction

routines

e Clearly modular — a separable framework

* Allows fall-back compatibility for unknown contexts

Context
Decision

Model
Choice

Feature
Extraction

Gaze
Prediction

Variable

’ Quiality Coding




2. Proposed Coding Framework
Context Decision

 Could be manual or automatic

* Broadcast scenario contains large amounts of
meta-data which could be part of decision process

» Other contexts are implicitly defined by video
scenario

Model Feature Gaze Variable
Choice Extraction Prediction Quiality Coding




2. Proposed Coding Framework

Model Choice

 Once context is known, a decision is made as to
the model composition

e Could include things such as:

— Saliency

— Motion detection
— Ball tracking

— Face detection
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2. Proposed Coding Framework
Feature Extraction

* The feature maps are created for each of the

features selected by the model

 These can be combined (defined by the model) to

form a probability surface

Context Model
Decision Choice

Gaze

Prediction
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2. Proposed Coding Framework
Gaze Prediction

* An algorithm uses the probability surface, and any
further information defined by the model to predict

the gaze location for any given frame

» This results in a probability surface, which is taken

to be a relative importance map

» Used to modulate the variable quality coding

algorithm
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2. Proposed Coding Framework
Variable Quality Coding

* Dependent on chosen video codec
 E.g.In h.264:

— Rate distortion mechanism

— Variable QP map across each frame
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3. Specific Context
Open Sign Video

* Open sign language is broadcast, and offers an alternative to

subtitles




. Specific Context

Open Sign Video : Eye Tracking
Experienced BSL users

Shown video clips of BBC open signed output
750 frames in length

Standard definition

One gaze location per frame per person was
extracted




3. Specific Context
Eye Tracking Results




. Specific Context
Choice of Model Parameters

Motion of signer and shot
change

Segment manually into 4

regions

Create Relative Region 1

Importance (RRI) metric




3. Specific Context
Motion of Signer

« Signer’s hands are an indication of whether signing at any

given time




3. Specific Context
Shot Change Detection

« Simple histogram of frame intensity

« Shot changes are likely to be related to 2nd
difference of this measure




. Specific Context
Predicted RRI

Combine shot change measure and signer motion
to attempt to estimate RRI

Shot change  drop in signer’s RRI

Low signer motion  drop in signer’'s RRI




3. Specific Context
Predicted RRI
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3. Specific Context
Variable Quality Coding (1/3)

Use the RRI estimate to create a variable quality
map

1

4 regions demonstrated previously

h.264 reference coder used here

— Use variable QP map
— Higher QP  lower quality

— Have base level QP, and then a QP_diff for
each region




3. Specific Context
Variable Quality Coding (2/3)
« Set background higher than base
 Lower part of signer set to the base level
* Signer face and inset QP vary with predicted inset

RRI:

— Face radial pattern (prevent obvious
boundaries). Mode varies linearly with the RRI

— Inset QP varies linearly with RRI

* Both have specified maxima and minima




3. Specific Context
Variable Quality Coding (3/3)




. Results (1/2)

Subjective study with 5 participants fluent in BSL

Shown 60 different clips ranging between 10 and
40 seconds long — half with constant quality across
frames, half with variable quality

Different random order for each participant

Scores normalised




4. Results (2/2)

At similar bit rates, an
improvement in
perceived quality is

A bit rate reduction of
30% can be obtained
without suffering losses
In subjective quality

As bit rate decreases,
quality approaches
that of constant quality
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Introduction (1)

Problem description and aim of work

Video Streaming -
]

Content
Provider

Network with Limited / Expensive Bandwidth

1 User

Bit rate constraint — Bit rate reduction desirable 1

Acceptable quality constraint - Quality increase desirable

Optimise coding to : improve perceived quality - min imise perceived distortion




Introduction (2)

General approach and considered parameters

!

Low level characteristics
that affect the quality
perceived by the HVS

Fixed Content

Avoid introducing excessive
distortion at sensitive areas

Increase the priority of
potentially attended regions

!

Content specific higher level
operations that influence the
visual attention of the HVS




Low Level HVS Optimisations (1)

Exploiting texture / high spatial activity masking

« ldentify low and high spatial activity areas using edge detectors

* Canny edge detector

« Mean MB edge density




Low Level HVS Optimisations (2)
Exploiting texture / high spatial activity masking

« Classify high spatial (edge) activity regions into regular and irregular

* Sobel edge detector

« Directional entropy of edges




Visual Attention Study

Apparatus and Setup

e 7 Subjects tested (2 rejected due to bad data )

* Football sequence displayed at SD (720x576) resolution (up-sampled CIF)
e Sequence duration was 40 sec (1000 frames)

« Familiarity with football established via questionnaire




Visual Attention Study (3)

Results — Recorded Fixations

« Overlaid circles indicating location and duration of fixation

Subject 2 | | Subject 4 | | Subject 5

* Macroblocks within specific radius from fixation point indicating regions
viewed with high acuity

Subjects 2-4-5




Visual Attention Study (4)

Results — Types of Fixation Regions

Ball

Players that can interfere with play

Face mainly in close-ups

Referee when play stops

Given specific content

we could potentially
identify likely fixation targets




Coding with Known / Predicted Fixation Regions (1)

Foveation and variable priority
» Decreasing acuity for regions away from point of focus (fixation)

» Decreasing priority for macroblocks away from fixation region




Coding with Known / Predicted Fixation Regions (2)

Foveation and variable priority
» Decreasing acuity for regions away from point of focus (fixation)

* Decreasing priority for macroblocks away from point of fixation region




Coding with Known / Predicted Fixation Regions (3)

Foveation and texture based priority
* Foveation regions mapped to priority ranges (sets of QP values)

* Within each set MB priority is determined according to spatial activity




Coding with Priority Maps (1)

Foveation + Texture Priority Coding vs. Fixed QP Co  ding

Same Base QP

|

Different Bit rate

30% _
Same Bit rate

----------- !

Different
Perceived Quality

H.264, IPPP..1, Intra Period 24, 2 ref. frames, Search range 32.




Coding with Priority Maps (1)

Foveation + Texture Priority Coding vs. Fixed QP Co  ding

Same Base QP

|

Different Bit rate

30%

H.64, IPPP..1, Intra Period 24, 2 ref. frames, Search range 32.




5. Conclusions

* A method that combines both low level HVS optimisations and content
specific optimisations based on visual attention attributes

 An attempt to predict the attended regions

« Method can offer reduction of bit rate with no decrease in perceived
quality  Increase of perceived quality at no extra cost

 For a fixed content knowledge of the viewer characteristics as well of the
content characteristics should be exploited for better coding

e Approach is very well suited to the upcoming IPTV systems where the
user controls the choice of content




. Future Work

Demonstrated that the context based paradigm has
clear advantages for this context

Similar contexts include: surveillance video,
videoconferencing, news etc.

Each module of the framework can be improved
separately, resulting in coding gains and a more
generalised video codec




Any Questions?

e Gavin: “How can this be used in the real world?”
 BBC thinking of set-top boxes
e Online/Offline

e Currently an encoder only technique — generates a
standards compliant h.264 stream




