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Multimedia Definition

Multimedia can be defined as a such as text,
graphics, audio, video, and animation
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Exploring the different
forms of multimedia
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Text

Text is the most basic form of multimedia. It is used to communicate information and ideas
in a concise and structured way. Text can be used to explain complex concepts, tell stories,

and provide instructions.

When will you have this back in
stock please?

| need to order a new credit card -
mine has been damaged.

Can | book a test drive for this
weekend or are you closed?
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Graphics

Graphics are visual elements that can be used to convey a message or an idea. They can be
used to illustrate concepts, highlight important information, and create an engaging
experience. Graphics can be static or animated.
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Animated Graphics
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Audio is a type of multimedia that uses sound to communicate a
message. It can be used to create an immersive experience, set the
tone for an experience, and convey emotions. Audio can also be used
to provide instructions and feedback.
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Video

Video is a type of multimedia that combines audio and visual elements. It is used to
communicate ideas in an engaging and visually appealing way. Video can be used to explain
complex concepts, tell stories, and show how products work.
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Animation

Animation is a type of multimedia that combines graphics and audio. It is used to create
interactive experiences that are engaging and entertaining. Animation can be used to
explain concepts, tell stories, and provide feedback.
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Multimedia Applications

Education: Multimedia has brought revolutionary changes in the field of education. It has
made the system of education more attractive and effective than any other periods in the
past. Now a day, multimedia presents the contents of education such as information, still
and moving pictures, sounds pronunciations of words, clearly and attractively to the
students. It is now possible to earn knowledge even staying at home through various
multimedia software.
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Multimedia Applications

Entertainment: Invention of multimedia has opened a new horizon in the field of
entertainment. Now a day, the various media of entertainment such as radio, television,
VCR, VCD can be enjoyed through multimedia program. Besides this, playing games and
drawing pictures in computer, on line chatting are the contribution of multimedia.
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Multimedia Applications

Marketing: In order to increase sales, large companies develop CD Rom software with
different information like prices, uses, terms of sales of their products and services and
distribute them to the probable customers. Therefore, the buyers can buy their required
products by knowing the prices, terms of sale etc. from the CD even staying at home or
office.
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Multimedia Applications

Communication: Today, multimedia has brought audio and video conference. These
computer and electronic based communication creates dynamism in business, social,

political, economic and international activities.
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Multimedia Applications

Research: Researchers require different kinds of information to conduct their research and
development works. Internet plays a vital role in obtaining the necessary information. By
searching the Internet the researchers can gather their required information and make

successful research.
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Multimedia Applications

Virtual Reality: Virtual reality is a technology which allows a user to interact with computer-
simulated environment. The simulated environment can be similar to the real world. For example:
simulation for pilot or combat or surgery training. This simulated environment can also differ

significantly from reality, as in virtual reality games. This virtual reality is actually based on
multimedia bounder technology.
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Metaverse: T
A first definition Q_ . H

: ‘/ 3 _]
B % |

4 < i
Metaverse, a term born in the cyberpunk world in 1992 and nowsin th% Iimelightg be usé it |s
used by Facebook, is the evolution of the Internet, but does not replace it. This is a difficult
concept to define exactly, which prefigures a set of interconnected virtual and real worlds,
populated by avatars. There are many questions still open /
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Meta = Metaverso & Facebook

The Metaverse is not new, but it rose to prominence with the announcement of Facebook, which decided to
name the Group's holding company (which controls the Facebook, Whatsapp, Instagram and Oculus platforms)
"Meta" and to start a project with this name, a project about which little is known yet.
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( MICROSOFT TEAMS MEETING IN VR )

Mash = Metaverso & Microsoft

A few days later, Microsoft announced that from 2022 it will integrate the Metaverse into the Teams platform
with a feature called Mash: users will be able to create an avatar with which to participate in work meetings.
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The benefits o\f,

The metaverse will connect people to a new range of experiences: from immersive sessions
in education and training, to incredible possibilities for healthcare and workplaces.
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"With the metaverse, one day firefighters will have the
oolsrlo rescue more people in less time."
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"One day doctors will be able to view diagnostic images like never before and make

r— decisions more quickly." o,
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"Surgeons will be able to do all the necessary practice."
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"Urban planners will be able to run simulations to help reduce traffic."
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Example of Virtual Reality
whitpsi//www.youtube.com/watch?v=YaRastZmucQ
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L'avventura ti
attende con Meta
Quest 2

Ora con due fantastici giochi inclusi (valore fino a € 43).
Divertimento infinito. L'esperienza completa. Termina il 3/6.*

Acquista Meta Quest 2 > Scopridipiu
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Through photos and videos, AR allows you to improve shared experiences with fun
virtual effects that are activated simply by swiping your finger on the screen, leaving you
the freedom to express yourself.with the most important people in your life




Augmented reality for plant maintenance
warimedis o-EMERS: / /Www.youtube.com/aatch?v=tiWu5g2_6XA
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Film & Cinema

Film means single media or multimedia entertainment content for distribution or exhibition to the general
public by any means and media in any digital media format, film, or videotape, including, but not limited to, a
motion picture, a documentary, a television series, a television miniseries, a television special, interstitial
television programming, long-form television, interactive television, music videos, interactive games, video

games, commercials, internet programming, an internet video, a sound recording, a video, digital animation, or
an interactive website.
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Multimedia:
Application in Digital Forensics
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Forensic Science g

(sometimes shortened to Forensics) is the application of technical and scientific
methods to the justice, investigation and evidence discovery domain.
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The first notion of digital forensics came in the 1970s, when the

Federal Rules (US) regulations began talking about DIGITAL EVIDENCE The DIGITAL FORENSICS INVESTIGATIONS started
| in the mid-to-late 1980s, when federal agents
b began to study how to find digital evidence in

__________ computers

Digital Forensics y AR o
History o

_________

The first research groups in the area of
Forensic Science started around 2000 ————

I
and 2001 |

The use of scientifically derived and proven methods toward the preservation, collection, validation,
identification, analysis, interpretation, documentation and presentation of digital evidence derived from
digital sources for the purpose of facilitating or furthering the reconstruction of events found to be criminal,
or helping to anticipate unauthorized actions shown to be disruptive to planned operations
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But there is much more
to the origins of forensic
science

— —

}‘njrocluzione al Laboratorio di Digital Forensics
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44BC feetia 13 century AD

Roman physician, Anfistius. % &% 4 Xi Fuan Lu wrote the first book on

Forensic i Bt
Sckanras performed the first “autopsy using medicine and entomology to
the Origin on the slain body of Julius solve crimes
Ceaser @
Fii) o
1°' century AD 1686

Marcello Malpighi. noted the
fingerprint characteristics

Roman orator and jurist Quintilian used
4. basic forensics to acquit an innocent

e 1835
. Henry Goddard became to connect a bullet Moder{l
A Wl to 2 murder weapon using physical analysis Forensic
Science
@
& 4 @
1880 1914 |
Mathieu Orfila is the "father of

Francis Galton developed

e fast tectiiue of modem  toxicology" because he

published the first scientific treatise on

fingcrpunt matching poison detection
1891 1920
Hans  Gross, published Calvin Goddard. Charles Waite,

Phillip O. Gravelle, and John H
Fisher, petfected the comparison
microscope for use in bullet

Criminal Investigation. the first
comprehensive description of
uses of physical evidence in

SOlViﬂg crime. . compan'son_
1910 ® e
Edmond Locard, called the "Sherlock Holmes of 1970
France", launched the first police crime laboratory The birth
and formulated the fundamental principle of of Digital
Forensics

forensic science "Every contactleaves a trace".

J 1084

Alec Jeffreys
developed the first
DNA profiling test

2001

The first definition of the Digital
Forensic Science. given at the first
Digital Forensics Research Workshop
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Image Forensics
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What can we say about this image?
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Image Processing
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What can we say about this image?
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Authenticity VS Integrity

First and foremost: Authenticity is not Integrity

AUTHENTICITY # INTEGRITY
Image is an accurate Information is unaltered
representation of the from the time of acquisition

original event until its final disposition
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Forensic firearm ballistics

Forensic firearm ballistics is the science of examining the characteristics of firearms, cartridges, and/or bullets
found at a crime scene.

[
 Ballistic Forensics Specialistslgre tasked with tying this evidence to crime suspects.

* Comparison Microscope J
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Forensics Examination of Firearms
S AL AL L 2 4

Weapon serial numbers

Ballistic striations
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Firearm and Cartridge components

BREECH FACE Rim Powder ek
Bullet

FIRING PIN

CARTRIDGE

BARREL
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Weapon firing process

The weapon loading
The shot
The cartridge ejection
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Cartridge Analysis
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DEMO - 3D Forensic Ballistics Comparison
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Assessing Forensic Ballistics Three-Dimensionally through Graphical
Reconstruction and Immersive Observation

Luca Guarnera', Oliver Giudice?, Salvatore Livatino®, Antonino Barbaro Paratore?, Angelo Salici’, Sebastiano Battiato’
1 Dipartimento di Matematica e Informatica, University of Catania, Viale Andrea Doria, 6, Catania, 95126, Italy - /uca.guarnera@unict.it, battiato@dmi.unict.it
2 Applied Research Team, IT Department, Banca da€™Italia, Rome, Italy - giudice@dmi.unict.it
3 school of Physics, Engineering and Computer Science, University of Hertfordshire, Hatfield, AL10 9AB, UK - s.livatino@herts.ac.uk
4iCTLab Spinoff of University of Catania, Viale Andrea Doria, 6, Catania, 95126, Italy - antonino.paratore@ictlab.srl
5 Carabinieri Scientific Investigations Department of Messina, Via Monsignor Da€™Arrigo, 5, Messina, 98122, Italy - angelo.salici@carabinieri.it



https://iplab.dmi.unict.it/mfs/Forensic-Firearms-Ballistics-VR/

VR Application with Deep Learning Techniques for
GNE¥
2 Forensic Crime Scene Analysis

SCHEMA DELL'APPLICAZIONE UNITY: TESI_DF
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Yolov9 Architecture

Feature Extraction (CNN Layers)

i

Detection Head

&

Bounding Box Regression Class Prediction
Non-Max Suppression (NMS) sangue No Sangue

RolAlign
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Foundation Models

Tasks
Question 9
% Answering
Data i Sentiment
%’ ’ Analysis
Text
o
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Model: GPT-4

“ Write a fantasy story about a cat on a spaceship that discovers a hidden galaxy. Maximum
500 characters.

Once in a cosmic dance of stars and nebulas, a spaceship named Whiskeron glided

through the vastness of space. At its helm, a feline commander |}

00:00 / 00:46




GenAl: Image

f¢ Acatand afemale
character in a spaceship
exploring a hidden
galaxy. With detailed
backgrounds, expressive 9
characters, including

magical elements,
illustration made by hand. »»

Application: Very successful platforms such as MidJourney and DALL-E have become

a popular choice for anyone seeking to generate realistic images through Image
Generation techniques.
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eXxview of the Deepfake Phenomenon: from Creation to L < % . e
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https://www.midjourney.com/home/
https://openai.com/product/dall-e-2

Midjourney v1

March, 2022

Midjourney v2

April, 2022

Midjourney v3

| July, 2022

ez GenAl:Image

November, 2022

Midjourney v5

March, 2023
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A person reading an e-book on a tablet during a fligh

A young, energetic woman in her late 20s to early 30s,
wearing a bright blue short-sleeved T-shirt and black
leggings, with a fit and muscular build, riding a bicycle
generator in a park. Her hair is neatly tied in a ponytail,
emphasizing an active and healthy image. She has a
bright and lively expression, pedaling vigorously. The
rear wheel of the bicycle is connected to a generator,
with wires leading to a blender filled with fruits and
vegetables, showing it in operation. The background is
a green lawn or park, creating a nature-friendly
atmosphere. The setup clearly shows the connection
between the generator and the blender, conveying an
eco-friendly message, detailed and realistic depiction,
realistic photography style, Canon EOS 5D Mark IV,
50mm lens, f/1.8, natural daylight

Luca Guarnera luca.guarnera@unict.it
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Sora: an Al model capable of creating realistic and
antasy scenes from textual instructions.

https://openai.com/index/sora/

Prompt: A young man at his 20s is sitting on a piece of cloud in the sky, reading a book. Prompt: A stylish woman walks down a Tokyo street filled with warm glowing neon and animated Prompt: Several giant wooly mammoths approach treading through a snowy meadow, their long
city signage. She wears a black leather jacket, a long red dress, and black boots, and carries a wooly fur lightly blows in the wind as they walk, snow covered trees and dramatic snow capped...
black purse. She wears sunglasses and red lipstick. She walks confidently and casually. The - *
street is damp and reflective, creating a mirror effect of the colorful lights. Many pedestrians
walk about.

Prompt: A Chinese Lunar New Year celebration video with Chinese Dragon. Prompt: The camera follows behind a white vintage SUV with a black roof rack as it speeds up a Prompt: Reflections in the window of a train traveling through the Tokyo suburbs.
steep dirt road surrounded by pine trees on a steep mountain slope, dust kicks up from it’s tires...
+
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GenAl: Speech/Video

Video Generation involves deep learning methods such as GANs and Video Diffusion to generate new videos by
predicting frames based on previous frames. Video Generation can be used in various fields, such as
entertainment, sports analysis, and autonomous driving. Video Generation can be often seen in use with Speech
Generation. The models used for speech generation can be powered by Tranformers. Speech Generation can be
used in text-to-speech conversion, virtual assistants, and voice cloning.

7+ Application: Platforms such as DeepBrain and Synthesia utilize Video and Speech Generation to create
realistic video content, that appears as if a human was speaking on camera.

Source: https://generativeai.net/
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https://www.deepbrain.io/
https://synthesia.io/
https://generativeai.net/

Hello Matthew put together this short video in our A | Studios 1o demonsirate the varnous conversaytional and non ©
cases DeepBrain A | supports. We work across industriies including retall, healthcare, finance and more. Our goal
nderactions 1o greally improve customer engagement and customes expenence Fof example.

©05 : 360/400
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N o A~
Deepfakes refers to all those multimedia contents synthetically altered
or created by exploiting machine learning generative models
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horse — zebra winter — summer
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Face
Reenactment

Thies, J., Zollhofer, M., Stamminger,
M., Theobalt, C., & NielRner, M.
(2016). Face2face: Real-time face
capture and reenactment of rgb
videos. In Proceedings of the IEEE
Conference on Computer Vision and
Pattern Recognition (pp. 2387-2395).

on: from Creation to

Source Actor
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Real-time Reenactment

Reenactment Result



Impressive Applications of Generative Models

* Generate Human Faces

* Generate Cartoon Characters
* Image-to-Image Translation
* Text-to-Image Translation

e Semantic-Image-to-Photo
Translation

* Generate New Human Poses
* Face Aging
e Super Resolution

* Photo Inpainting
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Autoencoder
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ENCODER DECODER

Jis-1-98

Latent representation
of Face A

|
-Jis-£a-9¢

Latent representation
of Face B DECODER Reconstructed

TRAINING race®

ENCODER DECODER

Ji9-L108

Latent representation

Original Face A of Face A Reconstructed

Reconstructed
Face A

Original Face A

Deep
autoencoders

Original Face B
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2005: SClgen 2012: Deep learning revolution 2014: GAN revolution

An Automatic CS "ImageNet Classification with Deep "Generative Adversarial
Paper Generator Convolutional Neural Networks” paper Networks" paper

Training set

m
/ Fake ima ge

Generator

uca Guarnera luca.guarnera@unict.i

https://proceedings.neurips.cc/paper f|lesipaper;’E[]M!flle,r'EcaSe?tﬂ22f6'|f8f[]6£;?ﬁc??b'lafccf3 -Paper.pdf



Generative Adversarial Networks

Training X ~ Pdata Discriminator Real
Data DICHR) | %

| Loss Function

Generator X~ Pyg

G (Z;0,) |
(;65) Backpropagation

Z~ P, ’

r- ‘qﬁlvh
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GAN example for human faces generation

Discriminator

D(x;04)
. -

i Real

Generator

G(z0,)
or
Fake

:

77777777777777777777777777777777777777777777777777 Loss
Backpropagation Function

!
eXxview of the Deepfake Phenomenon: from Creation to L
m‘\f ~ P Detection Luca Guarnera luca.guarnera@unict.it

But the image was
created with GAN
architecture.
The image is a
DEEPFAKE!

"“D”’MQ . A .
T Universita
7 0 % % diCatania

1438



GAN example for human faces generation

The evolution of GAN models for the
creation of synthetic multimedia
Pdata contents

Discriminator

. D(x; 04)
\ T
2014

i Real

‘ or

Jull X ~ p }

I g | Fake 2018
|
|
3 L Image source: Salehi, Pegah, Abdolah Chalechale, and Maryam Taghizadeh.
} "Generative Adversarial Networks (GANs): An Overview of Theoretical Model,

O A Loss Evaluation Metrics, and Recent Developments." arXiv preprint

Backpropagation Function arXiv:2005.13178 (2020).
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self.name2index dict(zip(se, ..‘«
self.ndims - ndims

self. featurefile 0S.path. join(datadir, “feature.bin")
“[BigFile] %d features, %d dimensions"
b binary: %s" % self.featurefile
o txt: %s" o idfile

def read(self, requested, isname
°

(len(self.names), self.ndims
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g Thesis

K
VA

Students will be able to use advanced technologies in order to implement
applications in the immersive environment through tools such as Meta Quest.
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Some Topics

e Applications in Forensics:

 Virtual laboratory (basic and manual) for crime scene analysis: dynamic reconstruction; scene analysis;
educational laboratory; etc....

* Applications in Al Forensics:

* Machine and Deep Leargning algorithms for forensic investigations in immersive environments:
Intelligent Forensic Laboratory with object detection, object recognition, automatic labeling of objects
in the scene, and more...

* Applications in other fields (chosen by students)

"‘lD”’MQ . R
T\ Universita
7 % % diCatania




Main skills/requirements

* Basic knowledge of object-oriented programming

Depending on the application to be made, it is preferable that the student
also knows

e Basic Knowledge of Computer Graphics, Unity, C# language (or Unreal and
C++ language)
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Multimedia Data ... .
... Data Modelling
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self.name2index dict(zip(se, ..‘«
self.ndims - ndims

self. featurefile 0S.path. join(datadir, “feature.bin")
“[BigFile] %d features, %d dimensions"
b binary: %s" % self.featurefile
o txt: %s" o idfile

def read(self, requested, isname
°

(len(self.names), self.ndims
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Applications

T Classification " , Instance
Classification Object Detection Segmentation

+ Localization

58

CAT,DOG, DUCK  CAT, DOG, DUCK

2N 7
hd

Single object Multiple objects
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What is Computer Vision?

Vision is perhaps the most important sense that humans possess. It enables us to infer the three-dimensional
world, recognize and locate objects in a scene, perceive rapid changes in the environment, etc.

Computer Vision is the discipline that studies how to enable 1
computers to understand and interpret visual information ii??;?l ‘é}“looml%xé’ 4

rqulﬁ

present in images or videos. 18] o
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CV Applications: Mobile robots

NASA’s Mars Spirit Rover

http://en.wikipedia.org/wiki/Spirit_rover http://www.robocup.org/

Saxena et al. 2008 . Q\/ Universita

STAIR at Stanford PN % > diCatania




CV Applications: Medical imaging

Image guided surgery
Grimson et al., MIT

3D imaging
MRI, CT
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Vision-based interaction: Xbox Kinect

MULTI-ARRAY MIC

http://electronics.howstuffworks.com/microsoft-kinect.htm

Dlvy,
Qﬁ"’ Universita

slide credit: Lazebnik di Catania


http://electronics.howstuffworks.com/microsoft-kinect.htm

CV Appllcatlons Safety and Security

s

Camera Stereo — Real time monitoring of dangerous conflicts (car,
pedestrian, etc.)

Real-time traffic monitoring

B Universita
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Computer Vision Goals

» Build systems capable of making decisions starting from a description of the scene
extrapolated from images/videos;

» Infer the 3D world from digital images;

A\

Recognition of objects, scenes, context from digital images.

>
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self.name2index dict(zip(se, ..‘«
self.ndims - ndims

self. featurefile 0S.path. join(datadir, “feature.bin")
“[BigFile] %d features, %d dimensions"
b binary: %s" % self.featurefile
o txt: %s" o idfile

def read(self, requested, isname
°

(len(self.names), self.ndims
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Thesis

Deepfakes:
* Creation
* Detection
e Adversarial

Digital Forensics

Computer Vision Task
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Questions?

Luca Guarnera, Ph.D.

Research Fellow
luca.guarnera@unict.it

University of Catania

e

Dipartimento di Economia e Impresa ' Q\/ Universita
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self.name2index dict(zip(sev, ..‘«
self.ndins - ndims
self. featurefile 0S.path. join(datadir, “feature.bin")

“[BigFile] %d features, %d dimensions" % (len(self.names), self.ndims

binary: %s" % self.featurefile
o txt: %s" o idfile

def read(self, requested, isname
°
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Details

* The first part of the course is about digital images
* The second part of the course is about digital video
* The third part of the course covers Low-Level Vision

* The fourth part of the course concerns modeling and processing of digital data
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