Multi-Modal Video Indexing

Lecture by Professor Marcel Worring
(University of Amsterdam)

Slightly modified by me




The three guestions of indexing

What?

— The definition of the granularity of indexing has to
be defined, indexing frames, words, shots etc.

How?

— How are we going to extract indices? Using a
unimodal or multimodal approach?

Which?
— What is the class of indices?

— Which can we derive automatically?
— As a result of an authoring process




Which: The Semantic Index

Purpose

Genre

Sub-genre

Logical units

Named events




Semantic index: recap

Purpose
— Set of video documents sharing similar | Entertainment |
intentions
Genre 1
— Set of videos sharing similar style | Feature Film |
Sub-genre l
— A subset of a genre where the video
documents share similar content | Action |
Logical units 1
— A continuous part of the video
document’s content consisting of a set | Car Chase |
of named events or other logical units
which together have a meaning 1

Named event Arnold Schwarznegger’s

— Short segments which can be assigned a | motorbike flies over a
meaning bridge.




Multi-modality in authoring

Definition: The capacity of an author of the video

document to express a predefined semantic idea
by combining aflayout]with a specific[content] using

at least two information channels




The different modalities

Visual modality

— Contains the mise-en-scene, i.e. everything, either
naturally or artificially created, that can be seen in
the video document

Auditory modality

— Contains the speech, music and environmental
sounds that can be heard in the video document

Textual modality

— Contains textual resources that describe the
content of the video document




The content

Setting (S)

— Time and place in which the video’s story take
place can also emphasize atmosphere and mood

Objects (O)
— Noticeable static or dynamic entities in the video
document

People (P)
— Human beings appearing in the video document




LSS

Multi-modality in the Content




The fundamental units

Fundamental units: general definition

— The fundamental units are the elements in the
video which are temporally ordered, but do not
have a temporal dimension themselves

Thus for the different modalities
— Visual: a frame

— Auditory: a sample

— Textual: a character
Characteristics

— The fundamental units usually do not have a
meaning in isolation, it is their temporal
aggregation that is important
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Adding layout to the fundamental units

Content

Layout | |

Visual Auditory Textual




The Layout: Basic Definitions

Basic aggregation: sensor shots

— These are defined as a continuous sequence of
fundamental units resulting from an uninterrupted
sensor recording

Camera shots
— Result of an uninterrupted recording of the camera
Microphone shots

— Result of an uninterrupted recording of a
microphone

Text shots

— An uninterrupted textual expression




The layout: transition edits

Definition
— The concatenation of the different shots either
abrupt or smooth

Visual

— Abrupt: cut

— Smooth: gradual effects
Auditory

— Abrupt: silence
— Smooth: music

Text
— Abrupt: typically with a token like >>> in a script




The layout: visual effects

Definition
— The artificially created content elements which are
not meant to mimic true objects, setting, or people,

but which are only there to enhance the impact of
the modality or to add meaning

Visual effects

— Overlaid graphics or text
Auditory effects

— Sound effects to increase the range, depth and
Intensity of our experience.
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The layout: summary

Sensor Shots

Fundamental Units

Transition Edits

Special Effects
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The Multi-Modal Framework
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Unimodal analysis

> Reconstructed layout

> Detected people

> Detected objects

> Detected setting

/

Video data
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Video segmentation



Basic pattern recognition tools

Template matching

— The pattern to be recognized is compared with a learned
template, allowing changes in scale

Statistical classification

— The pattern to be recognized is classified based on the
distribution of patterns in the space spanned by pattern
features

Syntactic or structural matching

— The pattern to be recognized is compared to a small set of
learned primitives and grammatical rules for combining
primitives

Neural networks

— The pattern to be recognized is input to a network which has
learned nonlinear input-output relationships




Layout Reconstruction

Visual modality

— Cut detection
Auditory modality

— Detection of silence

— Detection of transition points i.e positions where
the category of the underlying signal changes

Textual modality
— Typically based on punctuation like . ! and ?




People detection

Visual modality

— Mostly through face detection

— Face Recognition

Auditory modality

— Detection of speech in the signal
— Speaker identification

Textual modality

— Detection of names in the text




Recognition versus detection

Detection

— Identify the presence of a face in some frame(s) of
the video

Recognition
— recognize the person in the video
Characteristics

— recognition is far more difficult, we will do
recognition later by using contextual information.
Other option is to compare the images to stored
data, but only possible in limited domain
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Face detection: iterating over the image

a window of 20x20
IS moved over the

entire image trying
to detect a face
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Multi-scale analysis

Image is used in reduced versions to
find faces at different scales




Analysis

Normalization

— Each window Is normalized to remove changes in
lighting condition, this is the same procedure as
used for normalization of the training samples

Detection

— Outputs larger than a certain threshold are
marked as faces




Solution: Learning phase

simplified system overview

20%20 neural Olml
pixels network [-1.1]

training
hon-face examples—] . -1
face examples —1SUPENVISOL +1

m Normalization

— Each window is normalized to remove changes in lighting
condition, this is the same procedure as used for normalization
of the training samples

m Detection

— OQutputs larger than a certain threshold are marked as faces
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Model based face detection
Face extraction

Face “model”

@ Righteye

Extract most prominent objectg

izl

Define and find other items
relative to these objects
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Captions

Definition
— any text overlayed on the video

only 50% of captions
are also mentioned
In the text




Use of captions

News

— Annotation of people, objects, events, and places
Sports

— Player identification, game related statistics
Movies/TV series

— Credits, closed captions, and language
translations (if only part of the actors speak a
different language

Commercials

— Product name, claims, and disclaimers




Caption detection

Assumptions

— uniform colour and brightness

— clear character edge

— disjoint characters

— stationary and horizontally aligned text




Caption detection

For each frame compute the number of frames with
approximately the same color in a part of the next
frame

mark the frames in which this number falls in a
certain range

search for a sequence of sufficient length
compute average frame

detection of characters based on the X,Y projection
of the edge information




Caption recognition

Recognition of detected text

— VideoOCR similar to text documents

— (OCR = Optical Character Recognition)
NOTE:

— the characteristics of video text are quite different
from regular printed text, so straightforward OCR
does not work, the system has to be trained based
on the specific fonts used.




Object detection

Visual modality

— Statistical models for specific objects
— Spatio-temporal segmentation
Auditory modality

— Detection of specific sound patterns like a dog
barking, ringing telephones etc.

Textual modality

— First part-of-speech tagging, followed by
examination of the nouns
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Spatio-temporal segmentation
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Result of spatio-temporal segmentation

Applications

- video editing
- object and layer based compression MPEG-4
- video indexing




Motion indexing

Object based

— use the parameterized model as found in spatio-
temporal segmentation

— trace the center of gravity in time and consider the
path it follows through the sequence

Flow field based

— decompose the flow field into four parts

— describe each part by its mean flow vector and the
histogram of directions




Setting detection: the visual modality

Observation

— Setting is usually static, so image based
techniques for detection can be employed

Features

— Typically standard features like color and texture
(measures of granularity, regularity, and
directionality) are employed

Classification

— Using any of the standard classification tools
described




Setting detection: the auditory modality

Features

— Local features: Loudness, pitch, brightness,
bandwidth, and harmonicity

— Time dependent features:Timbre and rhythm
Classification

— Standard classification like decision tree for local
features

— HMM for time dependent features




Setting detection: the textual modality

Detection of
— Countries, states, cities, etc.
Approach

— Use part-of-speech tagging to find candidate
words

— Compare with the known list of geographic names
— Assign latitude and longitude as metadata




Multi-Modal Analysis: the three basic step

Synchronization

— When using different media they have to be
synchronized, by using frames/shots as basis or
(milli)seconds

Conversion

— Going from one modality to the other
Integration

— Different methods to combine results from the
Individual modalities




Conversion
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Integration: categorization

Content segmentation

— Symmetric for the different modalities i.e.
simultaneous or a-symmetric i.e the result of one
IS used for analyzing the other

Classification method

— Based on knowledge (a set of rules) or statistics
(learned from a set of examples)

Processing cycle

— Iterated, making use of an incremental context or
non-iterated




Multi-Modal Analysis: The Framework
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Multi-Modal Indexing

Example System: The Name-It System




The Name-It system

Motivation

— an automatic indexing system for news videos
capable of relating faces in the news to names

Applications
— content based indexing

— links from video: in which you can click on a
person and get its associated information

— links from text: in which you can click on the text of
the news item and get the associated images




Overwew of the system

Face sequence
extraction

Face detection
Face Tracking

Transcript

Video caption

Name Extraction

recognition

OCR

Text detectnon

Dictionary
Thesaurus
Parser

Face-Name association
(co-occurrence evaluation)




Text structure (CNN)

Topics

— introduced by >>>

Paragraphs

— Introduced by >>

— anchor paragraph and live video paragraph




Text structure (CNN)

Example of 2 paragraph topic

>>> |n other news, president clinton .... prime ministe
John Major ..... Mr. Clinton says that the time is right
to peace for Bosnia

>> | believe we have a better-than-ever chance to hel
bring peace to Bosnia because ....




Name information extraction

Word based observations

— the candidate should be a noun that represents a
person’s name or that describes a person
(president, fireman, and so on)

— the candidate should preferably be an agent of an
act -especially an act of speech, attendance at a
meeting, or a visit. For example a speaker is
usually centered in the speech scene, while other
people aren’t always shown in videos even if
they’re mentioned




Name information extraction

Temporal observations

— the candidate tends to be mentioned earlier than
others in the topic in transcripts. (In a news video,
Important information that might have
corresponding images is usually mentioned earlier
rather than later)

— the candidate tends to be mentioned just before a
live video is shown. The person appearing in a live
video rarely mentions his or her own name.
Instead, just before the live video, an anchor
person tends to introduce the candidate




Name information extraction

Three sources used
— dictionary
for determining the types of words

— thesaurus
finding an interpretation for a word

— parser
finding the temporal structure in the text

Scoring
— weighted scores are used, weights rather ad-hoc




Grammatical score
S1

mmon nouns

dictionary
 *- Final score
Candidate word Other S1*S2
parser
Subject

Other -




L exical score

Persons

Thesaurus

Candidate word

Social groups




Situational score

Detect act by considering the

verb of the sentence enclosing the
word and consulting the thesaurus for
the common context of the verb.

Candidate word

Attendance
at meetings




Candidate word

Positional score

First sentence of a topic -

Other

Last sentence of a paragraph




Positional score (cont’'d)

Special rules are applied to deal with the observation
that a lot of information of a live video clip is in fact in
the introduction by the anchor person

— the text piece belonging to the paragraph before
the live video (mostly the anchor paragraph) is
duplicated and also attached to the live video part

— the weights are also adjusted




Positional score (cont’'d)

Last sentence of anchor
paragraph preceding live

video -

Candidate word

First sentence of a topic




Positional score example

>>> |n other news, president clinton .... prime minister
John Major ..... Mr. Clinton says that the time is right
to peace for Bosnia

>> | believe we have a better-than-ever chance to help
bring peace to Bosnia because ....

SCORES for the live video part
Clinton 0.5

John 0.7

Major 0.7

Clinton 1.0

Bosnia 1.0




Final score

Multiplication of the
— grammatical score
— lexical score

— situational score
— positional score




Final score

Result

— a set of tuples of the form
(name, time) score))

— example
{(Clinton , 120s, 0.81), (Major,110s, 0.42)}

— note
a name may occur a number of times at different times
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Overview of the system

Transcript

Bill Gates gaat weg bij Microsoft, dat wil zeggen als topman. Hij gaat niet echt

eg._ Als president-directeur heeft-ie z'n opvolger aangewezen. Op een
moment dat z'n geesteskind Microsoft onder vuur ligt. De Amerikaanse
overheid vindt dat Microsoft z’n monopoliepositie misbruikt en eist dat het
concern wordt opgesplitst._ Maar het aftreden van Gates heeft daar niets mee
te maken.... zegt ie.

Dictionary
Face detection Text detection Thesaurus
Face Tracking Parser




Face detection

Detect face in some frame

Track the face through the sequence

Find “most frontal” face and “summarize” this
(denoted by F) this is
the basis for comparing faces

Output : tuples of the form
(F,(start-time,end-time))

example:

(rectangle in frame 733, (24s,33s))




Face comparison

Stace(F1,F2)
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Overview of the system

Transcript

Bill Gates gaat weg bij Microsoft, dat wil zeggen als topman. Hij gaat niet echt

eg._ Als president-directeur heeft-ie z'n opvolger aangewezen. Op een
moment dat z'n geesteskind Microsoft onder vuur ligt. De Amerikaanse
overheid vindt dat Microsoft z’n monopoliepositie misbruikt en eist dat het
concern wordt opgesplitst._ Maar het aftreden van Gates heeft daar niets mee
te maken.... zegt ie.

Dictionary
Thesaurus
Parser

Face detection Text detection

Face Tracking




Timing similarity
Similarity St(t;,t) function Si(t;t,) between
— 1, : time corresponding to hame

— & = (tyarpteng): time-interval in which some face
appears in the video

— for the intervals indicated the similarity is O or 1,
to account for slight misalignment of names and
face the similarity outside this range goes to zero
slowly

Slowing going to O

»
>

Slowing going to O 1




Video caption to face timing

Similarity S’«(t.,t,,) function between

— 1. (Cqiarr Ceng) : time interval in which the caption
IS on the screen

— t = (ty e leng): IMme-interval in which some face
appears in the video

— values of St (t.t,)

1 if the name and caption are somewhere present
together at the same time

O otherwise




Video caption to name similarity

Similarity Sc(t.,t,) function between
— C: the OCR result of the video caption and
— N: the name from the transcript

— values of St (t.t,)

1 if the name and caption are somewhere present
together at the same time

O otherwise
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Timing similarity

Gates |... Clinton

\

Final name highest score: Gates




Conclusion name-it

Name face association
— based on co-ocurrence i.e statistics
— many if not all information sources used

— many ad-hoc choices made, clearly room for
Improvement




