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Abstract

This master thesis proposes an image to video atitaptsystem using the human attention
model, in order to view large images on mobile kdigp without a significant loss of information.
This approach tries to automate the process oflisgraand zooming through an image with a
minimal user interaction by simulating a virtuaheaa movement through the picture. The process
is automatic and the user interaction will be leditto establish some preferences on the video

generation.

The application depends on an external module, lwliccommited to define the regions of

interest, which will vary on the domain where thjplication is used.

The results of the project have been incorporatetie content adaptation framework (named
CAIN) developed within the Sixth Framework PrograBuropean project IST-FP6-001765

aceMedia(http://www.acemedia.ordy/

Resumen

El objetivo de este proyecto de fin de carreranggstigar en un sistema de adaptacién de
imagenes a video, que aproveche el modelo de atemigual humano, para ver imagenes de alta
resolucion en dispositivos moviles sin pérdidasificativas de informacién. La aplicacién tratara
de automatizar el proceso de scrolling y zoomingasaés de una imagen con una interaccién

minima del usuario, que se limitara a establecepseferencias en la generacion del video.

El sistema de adaptacion depende de un modulotdmexencargado de detectar las regiones

de interés, cuyo tipo variara segun el entornohgiga uso del sistema de adaptacion.

Los resultados del proyecto se han incorporad@erduitectura de adaptacion de contenido
CAIN, desarrollada en el proyecto europeo del S€xtmrama Marco IST-FP6-001766eMedia

(http://www.acemedia.ordy)/
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1 Introduction

1.1 Motivation

Communication networks (i.e. mobile, traditiondéfghone) and Internet are tending towards a
unique universal network, which wants to be acatssa different client devices and with very
different user preferences. Internet providers rteeimprove their quality of service by offering
adaptive and customized information and contengrier to stand up to the population boom of

mobile equipment (PDAs, smartphones, mobile phoagditernet clients.

In the foreseeable future the present limitatiohsnobile devices will get more and more
reduced, as their performance (bandwidth, commurtatiresources, data storage etc) will slowly
converge with the featured performance on deskwmppaoters, and thus becoming more than
sufficient to access Internet and fully profit ¢ imultimedia content. The principal remaining
limitation will then be the screen size, which ¢at be increased because of mobility and comfort

reasons.

The great deal of information on the Internet pnése or shared as images has to be adapted to
this limited screen size. Actually, the predominaretthods are downsampling, cropping or manual
browsing of pictures, what involves informationdan the two first cases and time consumption in

the latter case.

1.2 Objectives

A more recent approach to solving the aforementiceaptation problem of large images to
mobile displays, most commonly known as Image2Viitlg2] or Photo2Video [3], tries to convert
the input image into a video by simulating a flyetiigh of a virtual camera which will focus on the
regions of interest present in the image. The tadjethis transmodingis to maximize the

information fidelity and the user’s experience [4].

The main objective of this project is to design @edelop an Image2Video transmoding tool with
the purpose of generating an output video, whiclkimizes the information fidelity at the same

time it offers a pleasant presentation. The pregiem should take into account some of the
viewer's preferences, which s/he will be able todduce before the execution. A basic diagram of

the proposed application is shown in Figure 1-1.

! Transmoding is refered in the literature as thapéation that changes the modality —e.g., image,
video, audio, text- of the original media



Inputimage

g |

Image2Video
Transmoding
Tool

Display limitations User preferences

9

Figure 1-1: Basic Image2Video diagram

The development of the Image2Video adaptation togilies determining the Regions of
Interest —ROIs— in an image, finding the optimal browsirgipand generating the final video. The
Image2Video application will rely on the externahgration of attention objects and will focus on
the video generation. The determination of theaegiof interest can be done manually using a
simple graphical user interface (see Annex B) dprmatically by any external ROl generation
module. Such an automatical annotation tool has h@evided for example by thaceMedia
WorkPackage 4[5], [6]), in the form of a convolutional face @etor [7].

Although it may look as if the application is daségl for leisure purposes, this application can
also be used in many different security applicatjomhere a mobile patrol (ambulance, police,

private security, firemen) is provided with a mebdevice and receives a video generated from a

2 A Region Of Interest is used in imaging for defipithe boundaries of an object. In medical imaging
the concept is widely spread and used for measuongxample the size of a tumor. In non-medical
imaging, the best known standard is JPEG2000 tretifically provides mechnisms to label the ROlsim
image.



large image taken in the crime/accident scene.tl8 mobile patrol is able to prepare for the
situation and, given the case, call for reinforcete@r a special support unit. This possible system
would only need a specific module to identify thesied objects and ROIs and pass this

information to the Image2Video application.
1.3 Structure of the present document
This memory is structured in the following chapters
= Chapter 1 provides the Introduction(motivation and objectivef the master thesis

= Chapter 2 presents other approaches to adaptation of larggeas to reduced displays,
as well as the existing Image2Video transmodingesys. In addition, the algorithms
of the external attention focus detection programsgd during the development, will

be shortly introduced.

= Chapter 3 presents the architecture of the system and arsalywedata and external

file structures.

= Chapter 4 describes the implemented algorithms and offemmesansight to the

decisions, problems and solutions found duringrtipgementation.

= Chapter 5 covers integration of the system and integrationhef application in the

CAIN framework. Testing results of the application.

= Chapter 6 presents some of the conclusions obtained afterddvelopment of the

system and the possible improvements for futurekwor
Additionally there are different appendices:
= Appendix A: User manual for running the application and exeayparameters
= Appendix B: Presentation of the graphical user interface’sgtype
= Appendix C: Overview of aceMedia’s CAIN system
= Appendix D: Description of the OpenCV library

= Appendix E: Short description of the Ffmpeg library



1 Introduction

1.1 Motivacion

Las redes de comunicacion (por ejemplo de teléfoauail y teléfono convencional) e Internet
estan tendiendo hacia una red universal, que gséraccedida desde diferentes dispositivos y con
preferencias de usuario distintas. Los proveeddeesgnternet necesitan mejorar la calidad de
servicio ofreciendo informacién y contenido adaptag personalizado para hacer frente al
crecimiento explosivo de equipamiento movil (PDAagfonos moviles inteligentes etc.) como

clientes de Internet.

En el futuro previsible, las limitaciones de losmlisitivos moviles tenderan a desaparecer
rapidamente, al mostrar rendimientos (velocidad tdensferencia de datos, recursos de
procesamiento y de memoria) cada vez mas simi&ates de ordenadores de sobremesa y siendo
asi mas que aptos para acceder a Internet y disfdei contenido multimedia. La limitacion
principal, més dificil de solventar, sera el tamad@&opantalla, que no puede crecer por motivos de

comodidad y movilidad.

La gran cantidad de informacion compartida en i@ten forma de imagenes debe por ello
adaptarse al tamafio reducido de pantalla. Actudagnérs métodos de adaptacion predominantes
son reducir el tamafio de la imagen (downsampliegprtar la imagen (cropping) y visualizacion
manual (manual browsing) de las imagenes, lo qupergi pérdida de informacion en los dos

primeros casos y consumo de tiempo en el Ultimo.cas

1.2 Objetivos

Una solucidn mas reciente para realizar la adaptate imagenes grandes a pantallas de menor
resolucion, habitualmente conocida como Image2Vidg] o Photo2Video [3], intenta convertir
la imagen de entrada en un video simulando unnidoode camara virtual que se centra en las
regiones de interés presentes en la imagen. Bivabe esta adaptacion es maximizar la fidelidad

de informacion y la calidad de visualizacion [4].

Por ello, el objetivo principal de este proyectodésefiar y desarrollar una herramienta de
adaptacion Image2Video que genere un video deasaljde ofrezca a la vez alta fidelidad de
informacién y una presentacion agradable. La ptasgm deberd tener en cuenta algunas
preferencias del espectador, que se podran fifantkeila ejecucidn de la herramienta. Un diagrama

basico de la aplicacién propuesta se muestra emd-ig1.
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Figure 1-1: Diagrama basico de la adaptacion Imag&2deo

El desarrollo de la herramienta de adaptacion I2¥gkeo implica determinar las regiones de
interés —ROI% de una imagen, encontrar el recorrido éptimonegear el video final. La aplicacion
dependera de la identificacion externa de los objde atencion y se centrara en la generacion del
video. La determinacion de regiones de interésusdegrealizar manualmente usando una interfaz
grafica (véase Annex B) o automaticamente usandtgeier modulo de determinacion de ROIs,
como el Convolutional Face Finder facilitado poeMedia en su paquete de trabajo WP4 ([5] [6]

[7)).

Aunque pueda parecer que la aplicacién esté dirigidpropdsitos de entretenimiento, la
aplicacién puede usarse en una gran variedad aenesf como por ejemplo aplicaciones de
seguridad y vigilancia, donde una patrulla mévimkalancia, policia, bomberos, seguridad

privada) esta provista de un dispositivo movil gilbpe un video generado a partir de una imagen de

% Las regiones de interés ROIs se usan en el cambtaiamiento de imagenes para definir los
limites de un objeto. En tratamiento de imagenedicnéel concepto es cominmente conocido y usado par
medir por ejemplo el tamafio de un tumor. En tragatoi de imagenes no-médico el estandar mas conocido
es JPEG2000 que incluye mecanismos de anotaciB®Otieen una imagen.



alta resolucion tomada en la zona de los hechossiemanera, la patrulla movil puede prepararse
para la situacion que les espera y, dado el casli, pefuerzos o unidades especiales de apoyo. El
sistema de seguridad necesitaria un modulo deifidanion de ROIs para los objetos deseados y

pasar esta informacion a la aplicacion de adaptdoige2Video.
1.3 Organizacion de la memoria
Esta memoria esta dividida en los siguientes dagttu

= Capitulo 1: presenta la introduccién (motivacion y objetivog)l groyecto fin de

carrera.

= Capitulo 2: muestraotros intentos de adaptacion de imagenes grangastallas de
baja resolucién, asi como los programas existedeedmage2Video. Ademas se
describiran los modulos de identificacion de R@é&sticularmente de caras, que se han

usado durante el desarrollo de la aplicacion.

= Capitulo 3: Presenta la arquitectura del sistema y analigaekiructuras de datos

internas y de los ficheros externos.

= Capitulo 4: Describe los algoritmos implementados y ofrece wigdn de las

decisiones, problemas y soluciones tomadas dulaitglementacion.

= Capitulo 5: Cubre la integracion del sistema durante su ddkairmlependiente asi
como en la arquitectura de adaptacion de conte@dtN. También muestra los

resultados de las pruebas realizadas.

= Capitulo 6: Presenta algunas conclusiones obtenidas despudesdetollo y enumera

las posibilidades de mejora para trabajo futuro.
Adicionalmente hay diferentes apéndices:
= Apéndice A: Manual deusuario para ejecutar correctamente la aplicacion.
= Apéndice B:Presentacion del prototipo para la interfaz grafieaisuario.
= Apéndice C:Vision general del sistema CAIN.
= Apéndice D: Descripcion de la libreria OpenCV.

= Apéndice E:Breve descripcion de la libreria Ffmpeg.



2 State of the art

2.1 Visual attention

The Image2Video application is based upon visugingibn models observed in humans and
takes advantage of some of its limitations [8]. Wheatching a picture, the viewer centers his
attention on some particular regions, which in mapplications and papers ([1][3][9][10]) are said
to be faces, texts and other saliencies. Nonethdleis important to underline that our applicatio
is independent of the semantic value of the regadnisterest and is not bound to a specific type of
visual attention or object detector. The Image2vitigol could be used for any possible type of

object, for example cars, trains etc. in particvideo surveillance systems.

Furthermore, what allows the trading between spacktime is the fact that a viewer is only
capable of centering his attention on just onéheé regions of interest, because the human being
is dramatically limited in his visual perceptiorcidties. This can be proven following a simple two

step exercise [8]:

1. Look at the centre of figure x and find a bigd circle surrounding a small white square

2. Look at the centre of figure x and find a blag&ngle surrounding a white square

O @ A

¢ < |B

OA@®

Figure 2-1: Visual ability test (Image taken from B])




Although you can see all the patterns in the imager ability to process visual stimuli is
limited and you do not know immediately that thestfirequested item is present at the lower left
location and that the second requested item ipresgtent at all. In order to perform the requested
task, you have to restrict your visual processimgptie at a time. This way, if you obeyed the
instructions and kept your eyes on the centraltibxapoint, you changed your processing of the

visual input over time without changing the actinalut.

The Image2Video uses this fact and shows eachtiattesbject individually one after another.
To allow a general overview of the image, the wholage will be shown at the beginning and end

of the video.

2.1.1 Information fidelity

The term information fidelity introduces a subjgeticomparison between the information
contained in an original image and the informatisaintained after its adaptation: transmoding in
our case. Chen et al. propose a numerical fornaulanformation fidelity in [11], defining its range
from O (all information lost) to 1 (all informatiomaintained). Thus, the optimal solution of image
adaptation will try to maximize this number undearigus client context constraints. According to
these authors, the resulting information fidelitiy an image |, consisting of several attention
objects, can be calculated as the weighted suilmeoinformation fidelity of all attention objects in
I:

IF(1) = ZAV| OF po

RO, Ol

AVi: Attention Value

IFr0i: Information Fidelity of the'lattention object

AOQi: ith Attention Object in the image

ROIi: Region Of Interest. Determines the spatigioe covered by thé"iAO

Thus, the Image2Video application has to showhadl ithage’s attention objects to reach an

information fidelity close to the maximum.

2.1.2 Composite image attention model

Another common definition to most existing papers lmage2Video transmoding is the
concept of attention object ([1][11]etc). An atient object is an information carrier that often
represents semantic classes such as faces, tbjstsoor saliencies in the image. Generally, the
viewer focuses mainly on these attention objectsere most of the information that wants to be

transmitted is concentrated on an image. The naraplete set to determine an attention object is

{AOi}={(ROIj, AV;, MPS, MPT)}, 1<i<N

where



AOQi: ith Attention Object in the image

ROIi: Region Of Interest, which mainly determinég spatial region occupied by
the ith AO

AVi: Attention Value

MPSi: Minimal Perceptible Size of AOi

MPTi: Minimal Perceptible Time of AOi

N: Number of attention objects

As stated in the definition, an attention objeata®a minimal spatial resolution and a minimal
displaying time in order to be correctly recogniz¥dhen displaying the attention objects of an

image in the generated video, these values halve taken into account somehow.

Generally, if possible, the regions of interest wé displayed in their full original resolutior. |
the region’s size compared to that of the disptagmall, the attention object can be interpolated
and displayed in a greater size. The maximal ialatipn will be left to the user, who can decide
and establish his preferences. If he desires tomzootoo much, the attention object may appear
pixelated.

In the opposite case, when the attention objeagré&ater than the display, it has to be
downsampled or split in more segments. Faces willbe split, as it is more pleasant for the

viewer when they are presented entirely.

2.2 Other approaches to the adaptation of large ima ges to
reduced displays

2.2.1 Direct downsampling

Image downsampling clearly results in an importarfbrmation loss, as the resolution is
reduced excessively in many cases. Downsampledeisnegn be compared to thumbnail images,
which are used to recognize an image, but nevevide the entire information, as the low

resolution does not allow the viewer to distinguistails.

2.2.2 Cropping

There are two different cropping modes, blind amdnantic, which differ by analyzing

previously or not the semantic content in the image

The blind cropping approach always takes the cep#id of the image, cutting off the borders
of the image, where the major part of the inforemaitould be concentrated.

The semantic cropping based image adaptation, sxsibled in [11], tries to select the part of
the image where most of the information is conedatt, in order to maintain the highest
information fidelity possible. Nevertheless, thtsategy assumes that most of the information is

confined to a small part of the image, which is tnoé for most real images. When trying to adapt
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the image to a small display, this approach h&eetb select a very small part of the image or has
to downsample the segment. The result does not gegnoptimal.

2.2.3 Manual browsing

Manual browsing avoids information loss, but iseaftannoying for the viewer, as he has to
scroll and zoom through the image by himself andkesahim loose time. The Image2Video
approach simulates and automatizes the procesarmiahbrowsing.

A result example of the three aforementioned apyres can be observed in the following
pictures, which simulate these procedures. It ipoirtant to realize, that the example has

deliberately been chosen to confine the importafiormation in a relatively small, not centric area.

¢) Cropped image with and without prior semantialgsis (Semantic vs blind cropping)
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d) Keyframes in manual browsing or in automatedde®d/ideo

Figure 2-2: Comparison between the different existig approaches

2.3 Attention focus detection

As already mentioned before, the Image2Video apfitin relies on the external image
analysis and ROI generation, separating clearlyirtrege analysis from the ROI based content
adaptation. To underline this fact, from now on lWwdivide the Image2Video application into
ROIExtraction plus ROIs2Video (video generation ofuin input image and a set of ROIs), being

this work centered in the ROIs2Video development.

The transmoding tool is focused mainly on the vidgmneration, independently on the
generation of semantic values of the ROIs. This,way external program can use a desired object

detector and pass the ROI specification file toRi@ds2Video algorithm.

In the deployment of the Image2Video CAT (Conterdaptation Tool) for the aceMedia
project, the workpackage WP4 (D4.2 and D4.7 dedibkss) provides an attention object detector
that is scoped to person and face detection/rettogr5]. Other applications, like surveillance
systems, could use the ROIs2Video algorithm adtbngxample a detector for any specific object
(for example: cars, trains, abandoned objects..reigge a video using the analysis data and send
the video over to a mobile device carried by a sgcguard.

Generally, for most common applications, the sermasmalysis is based on face and text,
because most visual attention models (see [1] 9B][10]) state that these are the objects an

average viewer concentrates on in entertainmericagpns.

The following sections will therefore offer a briéfitroduction into the used detection

algorithms for faces.

2.3.1 The Viola-Jones face detection method

The Viola-Jones method for face detection (avadablOpenCV —see Appendix D-), proposed
by Paul Viola and Michael Jones [12], is based han ttaining of a classifier with positive and

negative examples.
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2.3.1.1Features

This classifier uses simple rectangular featuredved from Haar wavelets (pairs of dark and
light rectangles), thus called Haarlike featurds€€ different kinds of features are used:

= Two-rectangle features: The value of a two recearfighture is the difference between the
sums of the pixels in each rectangular region. Téwangles can be horizontally or
vertically adjacent and have to be the same sizrI(€ 2-3 a.).

» Three-rectangle features: The value of such affedasuthe sum of the pixels in the outside

rectangles minus the sum of the pixels in the eceptangle. (Figure 2-3 b.)

* Four-rectangle features: The value is computeti@slifference between diagonal pairs of
rectangles as shown in Figure 2-3 ¢

a. Two-rectangle feature b. Three-rectangle feature c. Four-rectangle feature

d. Weak classifiers

Figure 2-3: Example rectangle features

The base resolution of the detector is 24 x 24lpjxehich tends to the smallest window that
can be used without losing important information.
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For the calculation of the rectangle features,niermediate representation for the image — the

integral image ii — is used:

Integral
image
ii(xy)

®xy)
ixels=ii(x,,y,) —ii(X;,Y,) =
9= i) 2. pixels=ii (x,,y,) =i (%, ¥:)
X<X,y'sy ' . C=ii(Xg, Ya) Hii (X, V)
a) The value of the integral image at poigy caicyjating the rectangular sum using
(x,y) the integral image

Figure 2-4: Integral image

Using the integral image, the rectangular sum &€lgi can be calculated in four steps (see
Figure 2-4 b.).

2.3.1.2AdaBoost machine learning method

Using the rectangular features and a set of pesdivd negative examples, a classification
function can be learned. There are 160.000 rectanggsociated with each image sub-window.
Each feature can be computed efficiently, but caimguhe entire set is completely unfeasible. In
the Viola-Jones classifier, a variant of AdaBods3]|[ short for Adaptive Boosting, is used to select

the features and to train the classifier.

AdaBoost combines many weak classifiers in ordecragate a strong classifier. Each weak
classifier finds the right answer only a bit bettesin 50% of the times (almost a random decisor).
The final strong classifier is a weighted combioatof the weak classifiers, being the weights
distributed initially uniformly and then re-weiglttenore heavily for the incorrect classifications as

shown in Figure 2-5.

Incorrect classifications
of the previous step

@ Face
@ Non-Face

Weak classifier 1 Weak classifier 2 Weak classifier 3
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Figure 2-5: 1. Initially, uniform weights are distributed through the training examples.
2&3. Incorrect classifications are reassigned withmore weight (shown as bigger dots).
The final classifier is a weighted combination oftlie weak classifiers

Viola and Jones combine weak classifiers as a filtiain (see Figure 2-6), where each weak
classifier consists of a single feature. The tholskor each filter is set low enough to pass atmos
all the face examples. If a weak classifier filtersubwindow, the subwindow is immediately

tagged as “no face”.

Image
sub-
windows
True True True True Face 9 Further
processing
False False False False

Not a face - Reject sub-window

Figure 2-6: The classifier cascade is a chain ofngjle-feature filters

2.3.1.3Scanning an image
To search the object across the image after theirtgg a search window scans the image
looking for the object. As the object does not hevée of the same size as the trained examples,

the search window (not the image itself) has todsezed and the procedure repeated several times.

2.3.1.4Detection results and general comments

The Viola-Jones classifier was used at the beginroh the Image2Video application’s
development in order to have automatical ROl artiwtaand not have to annotate the ROIs
manually. The face detector does not detect 100%heffaces, especially not when the head is
turned or a part of the face covered by somethiigat is more annoying for the Image2Video
application is that the Viola-Jones face deteatequiently classifies erroneously parts in images as
faces, that really are not. When the simulated carstps at these parts of the image the viewer

gets confused.

The following figures are examples of real exequgiof the Viola-Jones face detector using

the trained data from the fileaarcascade_frontalface_alt.xml

-14-



b) 2 detected faces, 4 not detected faces, 0 errondgutetected faces
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c) 3 detected faces, 0 not detected faces, 6 errondguetected faces

Figure 2-7: Performance of the Viola-Jones detector

Just out of curiousity, the Viola-Jones seems taheefirst real-time frontal faces detector
system running at 15 frames per second on a caowahtPC. OpenCV provides the code for
testing this system with a webcam and it workdyfairell, although it sometimes detects parts of
the background as faces.

The Viola-Jones algorithm can be adapted to detibetr objects, for example hand detection,
which has been implemented at the University oWt changing the training data and haarlike
features.

2.3.2 Face detection in aceMedia: the Convolutional Face Finder

Face detection in aceMedia is based on Cristopheigsand Manolis Delakis’ Neural
Architecture for Fast and Robust Face Detection [Jging the Convolutional Neural Network,
called Convolutional Face Finder in this articleistresearch line aims to achieve high detection
rates with a low rate of false positives, eveniffiallt test sets with faces that can be rotat@@ +
degrees in image plane and turned up 60 degrees.

2.3.2.1Convolutional Neural Network Architecture

The Convolutional Face Finder consists of six lay@us the retina that receives a matrix of
32x36 pixels that wants to be classified as faceoorface (see Figure 2-8). The layers are divided
into two alternated Gnd Slayers and finally followed by two Myers:
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= The Glayers are convolution layers, responsible for ctetg face features.

» The $ layers follow the Clayers and reduce the precision of the positiahénfeature
map, because only the approximate, relative positb the features in a face is

important.

= The N layers contain classical neural networks and detiet final classification,

based on the extracted features in the previowsday

Convolutions
9X9

Subsampling

Convolutions

% Subsampling

Figure 2-8: The Convolutional Face Finder (Image qaied from [7])

2.3.2.2Training the parameters

Each layer has trainable coefficients for extractind classifying the features:

C,: 104 trainable parameters

Si: 8 trainable parameters

= C, 194 trainable parameters

S,: 28 trainable parameters
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= Nj: 602 trainable parameters
= N, 15 trainable parameters

These parameters are trained with a set of 370Rrelift face areas, showing faces in
uncontrolled natural environments. The faces araualdy annotated to indicate the eyes and
mouth positions and cropped to the 32x36 pixel sizthe retina. The faces passed to the retina
deliberately include the borders of the face, bseahe system is fed with more information and
thus will reduce the false positives. Note that sk of the retina is bigger than the size of the

images in the Viola-Jones method (24x24 pixels).

The parameters also want to be trained with noa-faages, what is more difficult, as any
random 32x36 image not containing a face can be asea non-face example. Therefore the
bootstrapping algorithm is used, that trains thetesy with false positives found in a set of 6422
non-face images and retraining the system.

2.3.2.3Face localization

(2]

m CFF .

[%]
L
oyl
b

|
TR R ST

Figure 2-9: Steps in face localization (Image copiefrom [7])

As seen in Figure 2-9, in order to find the facéthwesolution close to 32x36, a multiscaled

pyramid of the image is created. For each imagaenpyramid, the Convolutional Face Finder is
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applied, resulting in a set of face candidateshedriginal scaled image. Finally a neural filter i
applied to the fine pyramid centered at the canid&land, depending on the percentage of positive
answers each candidate is classified as Face ofdden

2.3.2.4Detection results

b) 6 detected faces, 0 not detected faces, 1 errondguietected faces
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c) 3 detected faces, 0 not detected faces, 0 errondgutetected faces

Figure 2-10: Performance of the Convolutional Fac&inder

2.4 Existing Image2Video approaches

In this chapter former Image2Video applicationd i presented and compared. Principally, there
are three existent approaches, omitting other egidins that basically generate video slideshows
adding special effects, soundtracks etc. (suclomexXample Microsoft's Photostory (see Figure
2-11)).

2 Photo Story 3 for Windows

Import and arrange your pictures

Select the pictures you want to Use in wour story,
and then arrange them in order on the film strip.

Leatn more about editing your pictures

[ Import Pickures. .. ]

333

[ Help J [ Save Project. ., ] [ < Back J [ Mext > } [ Cancel ]

Figure 2-11: Microsoft's Photostory initial dialog
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2.4.1 Image2Video adaptation system - IST Lisbon

This project [1] has been led at the Instituto dde€omunicacdes in Lisbon by Professor
Pereira and two of his students, Baltazar and Piithe developed application appears to be an
alternative implementation of the described in ¢iwal’s article [9], discussed in the next section.

The authors divide their Image2Video applicatiod isteps as shown in Figure 2-12.

Inputlmage

Bottom-up Top-down

Saliency Face Attention Text Attention
Attention Model Maodel Model

Attention Models Integration @

Display Size

Adaptation @

Browsing Path
Generation

Video Generation @
Preferences
Sequence
Figure 2-12: System architecture

1. Composite Image Attention Model

The objective of this step is to determine thenditbd objects, which will be classified into
saliencies, faces and text. For this task theydbugon previous work done in Pereira’s group,
using a face detection solution integrating aut@eretd user assisted tools [14] and automatic text
extraction [15]. They consider faces as one ofd&mmantic objects most likely to captivate the
attention and text as a rich font of informatioattties the human mind'’s focus.
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2. Attention model integration

Step 2 is an integration stage, where the authetsid to create a unique attention map using
the previously identified attention objects andssa the possible spatial overlappings. The citeri

are:

» Face-Text integration: Faces and text have conipldifferent semantic values and should
therefore not be integrated together. The authate shat the cases where text and faces

overlap are due to inexact definitions of the bongdoxes of the detected ROIs.

» Face-Saliency integration: A detected face and tectkd saliency are most likely to
represent the same ROI, a face, if the face cantisignificant part of the saliency. This

condition can be expressed as:

area(ROIl ., n ROI
area(ROI

saliency) > 025

saliency)

= Text-Saliency integration: Equivalently, a detectegt and a detected saliency are most

likely to represent the same ROI if

area(ROI,, n ROI
area(ROI

saliency) > 025

saliency)

Besides the integration of different detected ditb@nobjects, in this stage the authors also
assign the order of importance of the attentiorectisj the attention values. The type of attention

object implicates a certain weight:
WSaIiency_'O-Z
Whrex=0.35
Weace=0.45

According to their experiments, the attention valyg of each object is modified according to

the weight of the type:

AV, = AV W,

final

Attention objects with a final AV that falls undarcertain threshold will be eliminated, while

AOs with higher AVs will enjoy higher priorities ithe next stages.

3. Optimal Path Generation

In this stage, the path used to display the vidi#idoe generated in two steps:
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i.  Display size adaptation: The attention objectslige@ant to be displayed in the video with
the same spatial resolution as the image (i.e pored on the image wants to be displayed
as one pixel on the video). Therefore, big atten@ibjects (except faces) have to be split in
smaller parts that fit the display size. Small ratiten objects can ocassionally be grouped

with others.

ii.  Browsing Path Generation: This mechanism determihesorder in which the attention
objects will be displayed. Attention objects arspiiiyed following the order of their AVs
and taking into account the travelled distance $mwein order to avoid travelling back

and forth. However, this algorithm is not explainedletail and lacks clarity.

4. Video Generation

In this stage the video sequence is generateddingdo three modes:
i.  Normal mode: All the attention objects are shown

i.  Time based mode: The video cuts all the attentigeats that appear after a certain time

limit.

iii. Amount of information based mode: The video segeewdl show only the most

important attention objects until a certain infotima percentage limit is reached.

2.4.2 Rapid Serial Visual Presentation — Microsoft ~ Research Asia

Microsoft Research Asia has published a varietartitles principally under the authory of
Xie, Ma and Zhang [9] [10], which use the exactrtdrapid Serial Visual Presentatidior the
result output of their system. The Rapid SerialudlsPresentation can be regarded as a type of
video which displays serially the different parfsttee image, each for a short period of time and

scrolls between the regions, though it is not saged proper video file.

The Image2Video system developed at the IST, ptedein the previous chapter, clearly is
built upon the ideas presented in these articlbs. dimilarity between both system architectures
results evident when comparing both frameworks Egere 2-12 and Figure 2-13). Thus, this

section will only comment briefly some the Rapidi&lieVisual Presentation, omitting details.

In the articles Xie, Ma and Zhang focus on the dpson of the browsing path generation and
leave the image modeling stages (attention objeietation) apart. The authors distinguish between
the fixation status, in which a particular ROI igpbited, and the shifting status, where the
presentation shifts between one ROI and the next Bine shifting between two ROIs is simulated
by traveling the straight lines that link the atten objects and never exceeding maximal panning

or zooming speeds.
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Input Image

Image
Analysis

Optimal Browsing
Path Generation

Optimal Path
Generation

Figure 2-13: System architecture

1. Preprocessing the ROIs

In order to find the optimal path, it is essentiapreprocess the ROIs:
= gplitting attention objects larger than the screien

= grouping together nearby attention objects to redhe computational complexity of the
browsing path generation algorithms

2. Optimal Path Generation

Similar to the time based and information basedasdd the IST's Image2Video application,
Xie and his colleagues define tB&immingand thePerusingmode, which obtain the order of the
ROls using a backtracking algorithm to enumerageptbssible paths and find the best among them.
In the case the user wants to view all the inforomathe problem of ordering the ROIs can be seen
as the Traveling Salesman Problem and an approximatgorithm can be applied to find a fast

but suboptimal solution.
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3. Dynamic Path Adjusting

The system also allows the user to stop the braysincess, look at the image independently

and resume the automatic presentation afterwards.

2.4.3 Photo2Video — Microsoft Research Asia

The Photo2Video method [3] appears to be MicroBefsearch Asia’s evolution of the Rapid
Serial Visual Presentation, including many newdesg and options. From the presented systems,
it appears to be by far the leading system withnlest evolved characteristics. It aims to be more
than just a simple transmoding tool, and targetsctipacity of generating musical stories out of
image series. The general system’s flowchart, desigo succeed such features, is presented in
Figure 2-14 and the detailed description of thgestawill be included next.

[] Start

Photos Collection i Music File

Music Segmentation
Rhythm Estimation Output

Video Composition

P2V

Template ﬂStory Generation @

E Framing Scheme -
% . Motion Generation
Framing Scheme - @
Key-frame Extraction
S8 Framing Scheme -
i Key-frame

Figure 2-14: Flowchart of Photo2Video taken from [3

1. Content Analysis

The content analysis applies a set of image andcroostent analysis algorithms.

i. Image analysis The images are first ordered by timestamps iflabe and by filenames
otherwise. The images are passed through a quitidy that removes images with a
guality measure under a predefined threshold araligih a duplicate detection filter that

removes similar photographs.
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Next, face and attention detection are appliedstimate the attention objects on each
specific image and thus to establish the ROIs. fébe detection can be accompanied by
some external annotation in order to be able t@igaa a film for an individual person out

of a digital photo album.

With the information gathered during the face attdrdion detection, each photograph can
be semantically classified into different estal#idhgroups, such as no-people, portrait,

multiple people, group photograph...

ii.  Music analysis The video presentation will be accompanied bydeatal, synchronized
music. The functioning of the alignment between imasid video will not be described in

this document.

2. Story Generation

As the name already anticipates, this stage atgetogienerate a story line based on generating

Temporal Structure Layers. It is completed in trsps:
i.  Photograph selection and grouping
ii. Specify leading actor

iii. Advanced Story Generation, where the user is abliateract, undo previous automatic

actions, provide scene titles and impose some dihres.

The result of this stage is a group of XML filepmesenting a timeline and the moments each

specific action starts and ends.

3. Framing scheme

The framing scheme is divided in Key-frame ExtractiKey-frame Sequencing and Motion

Generation.

The Key-frame Extraction defines the origin andtidesion frames of the simulated camera
movement, in order to generate smooth motions. dltbors define different types of frames,

classificating them by the area of the picture tinejude: Full, medium and close-up frames

The Key-frame Sequencing will establish the ordemwhich these extracted key-frames are

presented (for example Full frardeMedium frame> Close-up frame).

Finally, the Motion Generation step is in chargestmulate the virtual camera movement
between the key-frames with the principal targegeherating a smooth motion. The necessary

controls needed for this task are:
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* Panning Motion Trajectories: The trajectories Wil generated by cubic interpolating

splines with the smallest maximal curvature.

» Speed Control: Determining the average speed dotttielocal panning speed control

and the local zooming speed control

The output of this step is the video informatioattis added to the music file, in order to

generate the complete, composed video.

2.4.4 Conclusions

2.4.4.1Differences between the Image2Video approaches

The presented articles have shown a general insigiat the existing Image2Video
applications. As anticipated before, the Photo2Wideplication seems to be the most advanced
application in image to video transmoding, presentihe most extense prior processing and

explaining in detail the followed algorithms to geate the simulated camera motion.

IST’'s approach does not include striking new fesduand seems to be an alternative
implementation of Microsofts Rapid Serial Visuak&entation (as far as the articles show). Both
articles present a similar previous semantic amalysthe image, the same preprocessing of the
detected ROIs and finally present a similar brogggsath generation. Both articles don’t mention
how to generate the simulated camera motion, hey ithterpolate the curves or how they control
the speed of the movement. This leads to think they haven’t focused their work on these
aspects, but have concentrated on the ROI generatid processing (grouping, splitting...). The
Time Based and Amount of Information Based (or Biagi and Skimming mode) video
generations don’t appear to be very useful or agitgolutions, as a certain amount of information

can be cut of the video almost randomly.

Microsoft's Photo2Video application, on the congras a more complete article. The approach
is an entertainment application to generate vidboras with incidental music to be viewed on a
personal computer, and therefore needs a strorngroanalysis, semantic classification and story
generation, in order to generate meaningful vidbaras. This information processing is useful for
leisure-time applications, but unnecessary for rotparticular uses, such as security and
surveillance systems. A difference to the otherragghes is that the Photo2Video application is
not designed to generate small sized videos forilmalevices and does not talk explicitly about
the possibility of adapting the video to differsateen sizes. The motion generation is discussed in

detail and has served as a guide for some of ttisides taken for the work of this master thesis.
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2.4.4.2Contributions of this master thesis

Our approach will rely on an external informati@usce that establishes the ROIs that have to
be shown and assigns an importance or relevandk {bons will be used indistinctly) factor to
each ROI so it is displayed proportionally to iedewance. All the applications presented above
include fixed ROIExtraction modules (i.e. face asaliency detectors) and differentiate the
presentation according to the ROI type. Our wortgmds to be a more general approach for the
ROIs2Video system and to concentrate on a qualitgy customizable video generation that can be
generated independently on the prior semantic aizalyhe planned contributions in the research

field of Image2Video adaptation are:
= Video quality and motion smoothness

= General and open implementation, independent orpttee ROl detection and semantic

analysis.
= User customizable video. The user can set his rgmedes in:
» Camera motion speed
» Curvature of the camera motion
* Maximal zoom-in

» Video bitrate and used codec. This options offergbssibility of generating lighter or
heavier videos, leaving it to the user to find axpcomise between the video coding
guality and its size. For example if the video Wit sent through a low-bandwith

network the user is able to generate a video withbitrate.
= Possibility of using automatic or manual methods:
* Automatic or manual ordering of the browsing path.

* Using the manual annotation GUI, together with m@nual ordering and the other

available options, is a powerful and fast tool ieate completely personalized videos

» Video generation at any frame resolution, as lantha resolution is lower than the image

resolution.

= New research in alternative algorithms to the argesl in the articles.
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3 Design

3.1 Definitions

Before starting describing the architecture, important to establish some definitions to avoid

misunderstandings and unify some concepts.

»  Window/Sampling window: Rectangle of pixels copied from the original ireatf is the

part of the original image captured by the virtcainera (see Figure 3-1 a).

* Frame: The sampling window that travels through the ioadjimage is resized to the
video dimensions and constitutes a frame of theeigged video (see Figure 3-1 b). The
video will show 25 frames per second.

» Keyframe: Frame of special interest where the camera moreisetopped. For example

that frames corresponding to the ROIs’ locations.

= ROI or attention object: Both terms are used sometimes indistinctivelhaalgh the
definition of attention object denotes more infotima (minimum perceptible time and
size, attention value, etc.). A ROl is the spatigfion occupied by the attention object. In
this text, both terms are used to designate themsgvhere most semantic information is
concentrated in the image and where the samplimglaw has to centre to extract the

keyframes (see Figure 3-1 a).

a) ROIs and sampling windows centered on the ROIs
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b) Frames generated by resizing all the sampling wdows to the video’s dimensions. The
frames shown are the keyframes corresponding to theOls

Figure 3-1: Examples for sampling windows, ROIs andrames on a picture

3.2 System overview

In this section a general block diagram (see Figu®® of the ROIs2Video algorithm and an
overall description of each point will be presentEde specific tasks to complete at each point will

be detailed individually in future chapters.

Input
Image
ROl
Specification
File
Video
Rezolution
User
Prefarencas

Figure 3-2: ROIs2Video algorithm steps.

-30-



1. ROI initialization : Read out the ROI descriptions from the specifiedor create an

automatic set of ROIs in case of generating a vgtegiew of a photo.

2. Image adaptation Read the input image and adapt it to the asdict of the video

dimensions. The ROIs may have to be relocated.
3. Keyframe extraction: Selection of the key positions for the samplingdow.
4. Sampling Window Centring: Place the sampling windows trying to centre tiii<R

5. Optimal path calculation: Apply sorting criteria to find a pleasant and ewdnt order

for flying through the keyframes.

6. Camera motion speed contral Camera motion speed calculation based on thénatig

image size, experimental observations and on teesusreferences.

7. Curve interpolation: Calculate an interpolated curve that joins thie geints given by

the keyframes and apply speed control to the curve.

8. Camera simulation Travel the Catmull-Rom curve, saving the samplivigdows as
equally sized image files, which will constituteetirames of the video. The saved
images will then be converted and coded to videth Wimpeg libraries The video
generation will allow certain flexibility in relain to the video characteristics, such as

bitrate, codec or resolution.

3.3 Internal data structures

3.3.1 Image structure

The structure used for loading and dealing witlinaange is thdplimagestructure, delivered in

the OpenCYV library and that presents followingdgel

typedef struct _Iplimage

int nSize; /* sizeof(Iplimage) */

int nChannels; /* Most of OpenCV functions support 1,2,3 or 4
channels */

int depth; /* pixel depth in bits: IPL _DEPTH_8U,
IPL_DEPTH_8S, IPL_DEPTH_ 16U,IPL_DEPTH_16S,
IPL_DEPTH_32S, IPL_DEPTH _32F and IPL_DEPTH_64F
are supported */

int dataOrder; /* 0 - interleaved color ch annels,
1 - separate color chann els.
cvCreatelmage can only ¢ reate interleaved
images */

4 http://ffmpeg.mplayerhg.hu/
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int origin; /* 0 - top-left origin,
1 - bottom-left origin (
*/
int width; /* image width in pixels */
int height; /* image height in pixels *
int imageSize; /*image data size in bytes

Windows bitmaps style)

/

(=image->height*image-> widthStep
in case of interleaved data)*/

char *imageData; /* pointer to aligned image data */

int widthStep; /* size of aligned image ro w in bytes */

}Hplimage;

Note: Fields irrelevant for this work have been omtted for space reasons

3.3.2 ROl structure

The structure to manipulate ROl information wilepent the following fields:

typedef struct Roi{

CvRect *rectangle; //The rectangle representin
Location of the ROI
CvPoint *ul_point;  /*The upper-left point of

g the spatial

the sampling

window that centers the ROI*/
CvPoint *Ir_point;  /*The lower-right point of the sampling
window that centers the ROI*/

int importance; /[Displaying-time factor

}Roi;

3.3.3 Trajectory structure

A variable of the typ&rayectorywill store the interpolated points that link oreykrame to the

following one.

typedef struct Trayectory{

int n; //[Number of points in t he array curve

double ul_distance; [*Distance the upper-le ft corner will
travel in this t rajectory*/

double Ir_distance; /*Distance the lower-ri ght corner will
travel in this t rajectory*/

CvPoint *curve; [*Array of interpolated points that

conform a trajec

} Trayectory;

tory*/

3.4 ROI specification files

As already mentioned in chapter 2.3, the ROIs2Vidgplication relies on the external image
analysis and attention object model generations Thork is focused mainly on the video
generation, independently on the semantic valud¢iseofegions of interest and therefore will define

a structure for the ROI specification file, whiclashto be respected by any possible external
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detector. The file will be read out and stored i@ ROI structures presented in 3.3.2. The filé wi
be written in XML format, and will have to contam numbered node <ROIx> for each ROI.
Nested in the <ROIx> node, the information for toerdinategx,y) for the upper-left corner, the

width, height and the relevance of the ROI havieetdound like shown in the following example

— <opencv_storage=
- <ROIl>
“x= | =fx=
<y> 2 <fy=
<width> 3 <fwidth>
<height> 4 </height>
<importance> 1 <fimportance>
</ROI1=
- <ROI2=
x> 5 =fx=
<y b <fy=
cwidth> 7 <fwidth>
<height> 8 </height>
<importance™ 1 <fimportance>
</ROI2=
- <ROI3>
x> 9 <fx=
cy= 10 <fy=>
<width> 11 <fwidth>
<height> 12 </height>
<importance> 1 </importance>
</ROI3>

</opencv_storage>

The meaning of the first four tokens (X, y, widdmd height) is cleared in Figure 3-3.

Width
(X.Y)

Height ROI

Figure 3-3: Specification of a ROI

The meaning of the Importance token is the impeeasf the ROI and will be explained later

(see chapter 4.8).
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The read-out of the xml file will be done using thailable file storage functions in OpenCV.
This is the reason why the root node obligatorég ko be tagged with <opencv_storage>.

Alternatively, if no ROIs want to be defined, thppécation has to present a mode that

generates a basic video preview of the image. bide will be detailed in chapter 4.1.2.

The XML file will not follow MPEG standards, becauthis would imply heavier labeling but
could be desirable for a 100%MPEG compliant appboa

3.5 Zooming and shrinking images

During the generation of the output video, it ise®sary to oversample (zoom) or undersample
(shrink) images, when adapting sampling windowfames [16]. Zooming requires the creation
and assignment of values to new pixels. The eaamtfastest method is the Nearest Neighbour
interpolation, which tends to replicate the neapesel. A special case of the Nearest Neighbour
interpolation is in fact the Pixel Replication, ipable when the size of an image wants to be
increased an integer number of times. Each colwnreplicatedn times and then each row is
replicatedn times. Although the method is fast, it produceeefaition (checkerboard effect) for
high factors.

Figure 3-4: Comparison of the performance of the dferent interpolation methods. From left
to right and up to down, we have the original imaggethe interpolated image using NN
interpolation, using bilinear interpolation and bicubic interpolation. The images have been
generated shrinking the original image to a resolubn of 50x50 pixels and then zooming in to
a resolution of 1200x1200.
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A slightly more sophisticated way of zooming imaggshe bilinear interpolation, applied in

the ROIs2Video tool, and which uses the averagheofour nearest neighbours of a point.

Other interpolation methods, as for example theutbi interpolation, use more neighbour
points to obtain the interpolated value. This galprovides better and smoother results, but is
also computationally more demanding. In the ROIs®Wdi application, it does not seem to be
useful to apply a complex method and it is preferdab use the bilinear interpolation to reduce

processing time.

The CvReference library (see Appendix D) in Openi@dudes the needed methods, so the

digital image interpolation has not to be impleneehfrom scratch.
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4 Development

4.1 ROl initialization

4.1.1 ROl initialization from file

The first attempt of defining the ROI specificatifties was a simple text file, which contained
each ROI specified in a separate line in the form

Xroi Yron W?dthROIl He!ghhou Relevancgon
Xroi2 Yroiz Widthroi2 Heighkor Relevancgor,

The final solution tries to take advantage of XMkdbustness. The mandatory structure of the
XML files was described in section 3.4. The reatl-outhese files is done using OpenCVs file
storage functions, which provide a complete setagess functions to XML files. The following is
an example of an actual XML file with two ROIs.

<?xml version="1.0"?>
<opencv_storage>
<ROI1>
<x> 988 </x>
<y> 454 <Jy>
<width> 347 </width>
<height> 433 </height>
<importance> 1 </importance>
</ROI1>
<ROI2>
<x> 986 </x>
<y> 961 </y>
<width> 389 </width>
<height> 569 </height>
<importance> 1 </importance>
</ROI2>
</opencv_storage>

When opening the XML file, OpenCV automatically tats the integrity of the XML file and
checks that some necessary nodes are includeXNlhdiles have to start with the declaration of

the xml version and the root node has to be tagge<bpencv_storage>.

The next step is to read each ROI and insertat &a€vSegsequence, where all the ROIs will
be stored and returned. Each ROI is tagged with IXRQvhere x is an increasing counter. The

data of each ROl is retrieved in two steps:

1. The file node containing the requested data is dousing thecvGetFileNodeByNamehat
returns the map of a particular node
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2. The ROI data (x, y, width, height & importancekigracted from the node using the specific
readmethod ¢vReadIntByNamer cvReadRealByNanm#epending on the case).

4.1.2 Automatic ROI initialization

In the particular case in which there are no RQdsoaiated to the original image, the
ROIs2Video can generate a simple automatic divisioe image. Currently, this process divides
the image in 4 parts (see Figure 4-1) and genesatelsckwise camera movement. This mode
defines internally four dummy ROls, positionedht1), (w/2, 1), (1, h/2and(w/2, h/2) where w
is the image width and h the image height. The dyrR@Is have dimensiong/2 x h/2

When running the ROIs2Video application in this modo ROI sorting will be applied,
because the order wants to be maintained as showiigure 4-1. Also the interpolated curves
between ROIs will consist of straight lines and ¢hevature parameter (explained in chapter 4.7.2-

Catmull-Rom interpolation), eventually selectedtfoy user, will be ignored.

This option is a very first approximation to thengeation of videos from images without a

previous semantic analysis. This can be appligdeXample, for image preview purposes.

Another possibility would be a zoom-in into the werof the image, assuming the major part

of the information is confined in the centre.

Figure 4-1: Clockwise automatic video generation whout specification of ROIs

4.2 Aspect ratio adaptation of the images

The resolution of the output video (i.e. width xdi pixels) is user configurable: the user can

choose the resolution of the video according todisplay size of his device. It should be noticed,
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that if the selected video resolution and the aagimage do not have the same aspect ratio, it is
necessary to adapt the image to the screen byagbtiok horizontal or vertical bars. When adding
the bars, the positions of the ROIs have to be watety displaced the same number of pixels of

the black bars’ size.
The size in pixels of each black bar is calculated

- in case of upper and lower bars as:

hvi eo
(\Nimage X < - himage
h —

W,

video

bar —
2

- in case of left and right bars as:

h X indeo -W.
image image
hvideo

Wbar = 2

Adding the bars can be more or less noticeablegriliipg on the aspect ratios of the video and
the image. The worst case is when a horizontalbarimage wants to be transmoded to a
vertical/horizontal video (see Figure 4-2). Thoutjie decision of adding bars produces less side-

effects than other adaptation solutions, and whatdre important, avoids information loss.

b) Image dimensions: 1232 x 1632
Video dimensions: 300 x 240

a) Image dimensions: 2304 x 1728
Video dimensions: 240 x 300
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c) Image dimensions: 2304 x 1728
Video dimensions: 300 x 240 d) Image dimensions: 1232 x 1632
Video dimensions: 300 x 240

Figure 4-2: Examples for the aspect ratio adaptatio in bad cases (a&b) and in better cases
(c&d)

Other solutions to the problem of adapting the ienagthe output display resolution and their

inconvenients are:

» Image cropping This solution involves the elimination of possibimportant areas of
the image which is a weak point of this kind of ataiéion, especially in the worst case

mentioned before.

» Aspect ratio change This solution results in a distorted image whidbpending on
the amount of change, can be unpleasant for theevieThis is the default solution
when using OpenCV, because the interpolation methindthe mentioned library
automatically change the aspect ratio of the images resized to a different aspect

ratio.

« Image flipping: In addition to cropping or adding black bars, theage could be
previously rotated in order to reduce the effectifpping or black bars. This step
supposes that the display can also be rotated, whatt true for every device (for
example if the video wants to be viewed on a peks@omputer). The action of
flipping the image was actually implemented, bogfiy eliminated because it seemed
unpleasant when viewing the videos on fixed scregls®, if a video is generated by
the camera fly-through of various input imagesyauld be annoying to have to turn
the display every time the image is flipped.
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4.3 Finding the optimal browsing path

4.3.1 Jumping to the nearest unvisited ROI
The first attempt to establish the order of presgont of the ROIs was to start by the ROI

situated most to the left and then continue jumpinthe closest, still not displayed ROI and so on.
For a very reduced number of ROIs (<5), or specifises where the ROIs where placed following
certain patterns (for example all ROIs placed mowa), this method showed up coherent browsing
paths. However, when the number of ROIs increased, fairly simple algorithm reduced

drastically the quality of the browsing paths, reing chaotic browsing paths with back and forth

movements. The solution of finding a good browsath had to be found in some other way.

4.3.2 Simulated Annealing

The optimal browsing path will be obtained usin8imulated Annealin§l7] approach, which
will return a sorted array of ROIs with a path-drate near to the optimum. The algorithm imitates
the process of metallurgic cooling of a materialntrease the size of its crystals and reduce their
defects. This technique is often used to solveTthagelling Salesman Problérinding a good path
for the salesman, who wishes to visit a certairoetties travelling the shortest distance possibl
If the number of cities to travel is big, this pletm can not be solved by brute force in an

affordable amount of time.

Simulated annealing usually locates a good appratkim to the global optimum of the
browsing path. Each step in the simulated annegimgess replaces the actual solution by a
random nearby solution (i.e. exchanging two nodebkeobrowsing path). If the new solution has a
lower cost, it is chosen; if the new solution shaysto have a worse cost, it can be chosen with a
probability that depends on the worsening and en‘tdmperature’ parameter, that is gradually
decreased during the process imitating the coqgtiragess of metals. At the beginning of the
process, when the temperature is high, more chamijldse admitted, while worse changes will be
admitted more seldom when the temperature is dottleaend of the process. The allowance for

“uphill” moves saves the method from becoming staiclocal minima.

As the trained eye might have noticed, it is impotito define the appropriate cooling ratio. If
we define a high rate of temperature decreasealgwithm will take less time, but probably will
find a relatively bad solution. On the other haadjery slow cooling schedule will find solutions

near to the optimal with higher probability, butliviake more processing time. Therefore it is

® http://www.tsp.gatech.edu

http://en.wikipedia.org/wiki/Simulated_annealing
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necessary to find a compromise between computmg &nd the actual quality of the solution. In
our particular case, the path has to be as shqrbssble, because a longer path will mean less
comfort in the viewing of the output video, as ®imulated camera will move back and forth

through a strange path.
The simulated annealing algorithm has a strongaancharacter, marked by:
* The initial random path.

* The defined exchange function, which in our palicumplementation exchanges

fortuitously two nodes of the path.
* The acceptation function for unfavourable exchanges

This random character has as a consequence thaxeeotions of the same data set will most
probably have different solutions, especially wiies set of data points grows. The actual quality

of the solutions is hard to predict.

This approach works much better than elementarywding path generations (for example our
first implementation of jumping to the next unwesit ROI) and generally shows good results,
especially in pictures that contain a moderate remdf ROIs (<15). For pictures with many
attention objects (e.g. group photos), the patleggad by this algorithm is acceptable in most of

the cases, but sometimes it could be improved.

Figure 4-3 shows two different simulations of cameath generation with the Simulated
Annealing algorithm using the same parameters. Eawh shows a plot of the cost function
evolution along the iterations and a plot of théaoted path through all the cities (in this case th

ROIs) showing the random character of this algorith
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a) Simulation example with a relatively bad pathrfd
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b) Simulation example with a good path found

Figure 4-3: Two simulation examples of the Simula&d Annealing with a random set of data
points

The advantages a good browsing path shows up are:
b Shorter and therefore smaller sized videos.
&1 Reduction of the processing time to generate ttieovi

i More pleasant video watching sensations as a ditowsing path will implicitly

reduce the number of camera zigzag movements.

The pseudocode of the simulated annealing algoritioks as follows:

Initialize i0, c0, LO;
k=0;
i=io0;
repeat
for I=1to Lk
generate j €S
if f(j)<=f(i) = is;
else if exp((f(i)-f(j))/ck)>rand[0,1] = i=j;
k=k+1

ck=ck x a
until final condition;

i: actual browsing path

j: possible next browsing path

ck: tenperature variable

cO: initial tenperature

Lk: iterations in each step

f(i): cost function of path i

o. cooling paraneter (0.8<a<0.99999)
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4.4 Keyframe extraction

The specified ROIs, or the image divisions in tidew without semantic analysis, act as video
keyframes. Additionally, the full image will be agtllas a keyframe at the beginning and at the end
of the video in order to give an initial and firmlerview of the complete image and let the viewer

locate every object. The detailed steps are aswstl

* The video will start off with the full image (firdteyframe) and will zoom in towards

the first ROI. This pattern is callédrward sentencg3].

* Following the obtained browsing path, the vided silow consecutively the different
defined ROIs, connecting them through Catmull-Rarerpolation curves (shifting
mode). The dimensions of the sampling window ongicture will vary and adapt to
the size of the displayed ROI. The captured pictvitebe converted into the video-
sized frame using bilinear interpolation. Bilingaterpolation is used instead of other
more elaborate interpolations (as for example beacirtterpolation) because it requires
less processing time and delivers good enoughtsefula video where each frame is
displayed 40ms and where the human eye’s limitatiwon’t allow to distinguish so
fine details.

» After having travelled through all the ROIs, thetwdl camera will zoom out and show

the complete image again (last keyframe). Thisepatis called théackward sentence

[3].

The forward and backward sentence patterns forratheg thering sentencd3]. Using the ring
sentence, the viewer of the video perceives a gkogerview of where every element is situated
in the image, before and after the virtual camerants in to offer a detailed view. Figure 4-4

shows the keyframes associated to a particularémag

Figure 4-4: Examples of keyframes in a ROIs2videcegjuence

4.5 Sampling window centering

As explained before, the keyframes of the vided & constituted by the complete image
followed by the set of regions of interest. The R@Iill be centred perfectly in the sampling
window. Other similar Image2Video applications ¢gntre faces on the upper third portion of the

window, stating that the body below the face attrdloe user’s attention. In our case the specific
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type of each ROI is not defined, as the impleméais independent of the ROI types, and
therefore this kind of case is not taken into acto&xceptionally, when the ROI is next to an
image border, the window can’t centre the attenabject and will be situated at the border(s) of

the image.
When centring the ROI in the sampling window, ihécessary to decide:
» How to show objects of a size bigger than the digpize (in pixels).

* Up to which zooming factor small attention objeaitl be shown in the video (see

section 2.1.2for ‘minimal perceptible size’ concdpfinition).

In the first implementation of the Image2Video CAfMe video displays the defined ROIs in
their original size if the ROI's size is smalleaththe output video resolution (spatial scale trl)
in the biggest possible size if the ROIS’ dimensiane greater than the output video resolution,

obtaining a ROI which occupies the whole video sgre

In the actual version, the user can set the maxamaiming factor he wants to apply to small
ROIs. This way, the presentation size of a ROiInstéd either by the maximal zooming factor or
by the video resolution. When setting the zoomagdr, the user has to be aware that if the ROl is
zoomed in excessively, the corresponding framesrngéed through bilinear interpolation will lose
resolution and quality. It will be left to the user establish his preferences and taste. Another

approach could be to group close ROIs and show thgether.

Large ROIls are reduced in order to fit into the glmy window. Further investigation could
examine the possibility of splitting large ROIs atnavelling through them without reducing.the

ROls resolution.

4.6 Base speed calculation

The motion speed of the camera is given by theaigt (measured in pixels on the original
image) jumped from one frame to the next one. Tihegethe curve defining the position of the
upper-left corner of the sampling window (whichdgs the movement of the sampling window as
will be seen in the next section) will contain arag of points each one separated a particulatl pixe

distance from its neighbours and thus characteyitie movement’s speed pattern.

It must be realized that a displacementi gfixels is not the same in pictures of different
resolution. Figure 4-5 shows a possible case, wheamera panning movement (movement in the

xy plane) between to ROIs is simulated in two défé size versions of the same image.
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Figure 4-5: Pixel distance between ROIls in differersize pictures.

In this case, the camera would take double tim&rtmlate the panning motion in the bigger
image, because the distance between the atteritjents is double as long. In order to solve this
problem, a base speed, which has been experimeritalhd to be adequate with a certain
resolution (2816x2112 pixels corresponding to aup&ectaken with a standard 6 megapixel camera
in full resolution), has been selected. For pictuwdgth different resolutions, the pixel jump is
modified proportionally. If the viewer prefers fastor slower camera movement, a speed factor
which will multiply the predefined pixel jump hagdn introduced and can be modified to obtain
different speed outputs. By selecting a fasterlmver camera movement, the user is also having
influence on the computing time of the program. télagamera movements will need less
intermediate image files written to hard disk amdsl image resizings and therefore finally will

have a shorter processing duration as a conseguence

The default defined jump is 8 pixels for imageshwdimensions 2816x2112. For a picture of
1408x1056 pixels, the jump would be rounded tox€lsi This pixel distance jumped from frame

to frame on the original image is called the bamed and has floating point precision.

4.7 Path interpolation for the simulated camera mov ~ ement

For delivering the simulated camera movement, figisessary to specify the exact path, which
gets defined by the interpolation of ttata or control pointgiven by the ROIs. The data points
will be the upper-left corners of the sampling woad centred at the ROIs and thus the
interpolation of new points will also be for thepap-left corners of the sampling window (the
lower-right corner of the sampling window can mdfreely” to allow increasing and decreasing

for simulating zooming as discussed later in 4)7.2.
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Interpolation (unlike approximation) is a specifiase of curve fitting, in which the function
must go exactly through the data points. Throudarpolation we are able to obtain new points

between the control data.

Y X - .
o".’ “ oo“.‘ S
@e=-" .\ ®-- .\
[} [}
( '
] 0
O. .'
o"‘ o"‘
([ g
Interpolation Approximation

Figure 4-6: Interpolation and approximation

4.7.1 Linear interpolation

The most simple and direct interpolation is thedininterpolatioty which was applied in the
first implementation of the Image2Video CAT beingen substituted by the Catmull-Rom
interpolation method [18]. Linear interpolation gs/en by the following equation for two data

points (%, Ya) and (%, Yb):

+ (X_ Xa)(yb B ya)

Y=Ya
(% =%)

This is the first interpolation one would possiltfynk of, as it is easy to implement, but it is
generally not a good solution for the camera sitimiamovement. Linear interpolation is not
differentiable (has no tangential continuity) ag¢ tbontrol points and therefore the movement is

abrupt and unpleasant for the viewer.

Figure 4-7: Positional, but not tangential continuiy at the central data point when using
linear interpolation

® http://en.wikipedia.org/wiki/Linear interpolation
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4.7.2 Catmull-Rom interpolation ’

A more elaborate interpolation, often used in défe kinds of motion simulation, is the
Catmull-Rom interpolation [18] [19], named aftes developers Edwin Catmull and Raphie Rom.
Even though it is often called the Catmull-Rom sgliit is not really a spline (smooth, piecewise,
polynomial curve approximation), because it doeswveoify the C property (its second derivative
IS not continuous). Instead, it imposes derivatiestrictions at the control points. Some of the

features of the Catmull-Rom interpolation are:
« C'continuity

» The specified curve will pass through all of thetrol points (what is not true for all
types of splines). This is desirable for our amgilan, as we want to centre the camera

precisely on the regions of interest, although alketror could be acceptable.

» The specified curve is local, i.e. moving one cohpoint affects only the interpolated
points in a limited bound region and not all thenpm This is not really important for
our tool, as we are dealing with static images eod automatically into video
without user interaction, but would be desirabléif example the user could stop the

video and change the order of the control pointshange the regions of interest.

Local control of Catmull-Rom interpolations

120

" Information about interpolation can be found unitherfollowing links:

http://arantxa.ii.uam.es/~pedro/graficos/teoria/

http://jungle.cpsc.ucalgary.ca/587/pdf/5-interpiolaipdf

http://www.cs.cmu.edu/~fp/courses/graphics/asstéichRom.pdf
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Figure 4-8: Local control — Moving one control poirt only changes the curve over a finite
bound region

» The curvature of the interpolation is easily maife through a single parametgr

which means the user can select if he wants aglyranrved interpolation or prefers a

more straightened interpolation between the copmoits (see Figure 4-9).

Figure 4-9: The effect of c. Example of browsing pghs with different curvature values (from
straight to exaggerated interpolations), all done wh Catmull-Rom interpolations.

The Catmull-Rom interpolations are easily impleradrnthrough its geometry matrix

0 1 0 0 || p-
-¢c O c 01| P4y
2c ¢c-3 3-2c -c|| p
-C 2-c c-2 cC||Pna

b=t t > ¢
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that can be traduced into the following pseudocode:

%First we prepare the tangents
For each data_point i

If the data point is the first or last of the array
m1[i]=0 ;
m2[i]=0 ;

Else

ml[i]=c*(data[i+1].y-data[i-1].y) ;
m2[i]=c*(data[i+1].x-data[i-1].X) ;

%Now we calculate the interpolated points between t he data points
For each data_point i

=0;

For t=0; t<1, t=t+ T

h00=2-t 33t 2+1;
hO1=-2-t 3+3:t %
h10=t 3-2:t 2+t
hil=t 3t 2
interpolated_data[j].y=h00*data[i].y+h10*m1][i]+
hOl*data[i+1].y+ h11*m1[i+1];
interpolated_data[j].x=h00*data[i].x+h10*m1][i]+
hOl*data[i+1].x+h11*m1[i+1];

j++;

Even if the loop increases t linearly in stepstdfsee previous pseudocode), the resulting
interpolated data is not equally separated. A cartravelling through this trajectory will not move
at constant speed. Thus, the following step igparameterize the obtained interpolated data so the

camera moving through it has the desired speedifumc

4.7.3 Arc-length reparameterization

A simple way to reparameterize the data is thelemgth reparameterization, which
precomputes a table of values by running a stan@atthull-Rom interpolation with unevenly
separated data. The number of entries in the taitileepend on the needed precision in the arc-
length calculations. The arc-length is the distanicéhe path walked over the interpolated curve
points. It is approximated through the distanceveilad over the straight lines joining the
interpolated points and is therefore a good appmakion if the interpolated points have a high

density on the curve (see Figure 4-10).
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Figure 4-10: Arc-length approximations with increasng precision.

With the help of the precomputed table, it is polesto find a point at a given arc length

distance, and therefore it is feasible to find ihkerpolation points compliant with a particular

speed function.

Index T Arc-length
0 0.00 0.00
1 0.05 0.08
2 0.10 0.15
3 0.15 0.39
4 0.20 0.66
20 1.00 3.58

Table 1: Arc-length table for reparameterization

Using the table, it will be necessary to loop imsiagly the distance L according to the speed

function and use it to compute the according valuie parameterusing the next formulds

L - ArcLengthindey

A= ArcLengtIﬁindex+ 1] - ArcLengtIﬁindeﬂ

t= t[index] + auxEﬂt[index+ 1] - t[index])

8 http://jungle.cpsc.ucalgary.ca/587/pdf/5-interpioiaipdf
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%Reusing the m1 and m2 variables obtained in Catmul [-Rom
For each data_point i

calculate number of points to calculate n;

L=0;

For j=0; j<n; j++

L+=step; %Step can be constant or variable accordin gto
%the desired speed function

find L's index in the precalculated table;
calculate t according to the recently stated formul as;

h00=2-t 3-3.t 2+1; %Exactly as in normal Catmull-Rom
hO1=-2-t 3+3-t 2
h10=t 3-2.t 2+t
hil=t 3t %
interpolated_data[j].y=h00*data[i].y+h10*m1][i]+

hOl*data[i+1].y+ h11*m1[i+1];
interpolated_data[j].x=h00*data[i].x+h10*m1][i]+

hOol*data[i+1].x+h11*m1[i+1];

4.7.4 Speed control

Speed control is applied to determine the precemera speed along the trajectory. Real
camera motion will normally include ease-in andeeawt, that is, the camera will move slower at
the beginning and at the end of the trajectoryinttude the ease-in and ease-out effects, the step

distance on L is not constant and has to be caémilaccording to some speed function, as shown
in Figure 4-11.

a. Smooth ease-in&ease-out b. Parabolice ease-in &ease-out with

constant acceleration

Figure 4-11: Typical speed functions for ease-in&ese-out camera movement.

In the present ROIs2Video application the brokee Bpeed function (see Figure 4-11 b), has
been chosen for simulating a real camera motioeré fs no special need to complicate the speed

control function, as the eye will notice no diffece and this alternative is sufficiently good.
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If the user prefers the camera to move at consjaeed without ease-in and ease-out, he has
the possibility of selecting this option when rummithe program. This option is useful for example
when generating dummy ROIs automatically, as timeeca won'’t stop at the keyframes and it has
no sense to slow down the camera speed.

4.7.5 Zoom control

An additional fact to consider is when movementMeen two ROIs, that require differently
sized sampling windows and thus zoom factor chahgeg the trajectory as shown in Figure 4-12.

Figure 4-12: Path between ROIs involving zoom factachange.

As told before, the upper-left corner of the samgpliwindow follows the interpolated curve,
while the lower-right corner of the sampling windewl implicitly follow a different trajectory in
order to achieve the simulation of zooming. Theveufor the lower-right corner is not
precalculated, but is computed “in real-time” fack sampling window taking into account the
actual point of the upper-left corner and that wiadow is increasing or decreasing also with
parabolic ease-in and ease-out (Figure 4-11b) leetivgo keyframes.

In these cases with zoom factor change, the pixapjcalculated (remember the base speed
calculation in chapter 4.6) is assigned to the ewfithe corner that scans the longest distance by
reducing when necessary the pixel distance whesrpalating the Catmull-Rom curve of the
upper-left corner. The distances to be covereddwnh eorner are roughly approximated by the
straight line junction between each two pointstteoactual jump differs from the ideal one. This
error in the speed is not noticeable.
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This pixel distance adjustment is essential for shothness of the video and is a way of
controlling the zooming speed without having togetan additional function. Otherwise, in cases
of two close ROIs with noticeable different sizibg viewer would note an explosive growth of the

sampling window, which is not desirable at all.
4.7.6 Overview of the interpolated Catmull-Rom curv e
Summarizing, the interpolated curve is done in $i@ps:

1. Standard Catmull-Rom interpolation, using the pseode in 4.7.2 and obtaining a

curve with points with different separations.
2. Arc-length reparameterization of the interpolatadse, considering
a. Constant speed or ease-in&ease-out speed contilelsasibed above

b. The maximal separation between data points, inrdaleontrol the zooming

speed, as

. D
d'=d Dmln<l —“'>
DIr
Dy: distance travelled by the upper-left corner
D,: distance travelled by the lower-right corner

d: desired pixel-distance jumped from frame to #am

d’: pixel-distance jumped from frame to frame b tpper-left corner so

the fastest of both corners travels at d pixelsi&a

4.8 Camera simulation

The virtual camera used to generate the videos Static images has been provided with

panning and zooming movements.

* Panning is defined as the two-dimensional moveroktite camera in the x and y axis,

without allowing movement in the z axis - Figurda 3@@)-

* Zooming is defined as the action of approachingrtmoving away from the image by

moving in the z axis, without allowing movementthre x and y axis -Figure 4-13

(b).(c)-
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The system is able to pan and zoom simultaneo&#ye 4-13(d)). The only movement, the
camera is not able to fulfil is rotation. Rotatiamould require additional external annotation, but

could be desirable for example in cases where gle@rext was wanted to be viewed horizontal.

........................................

d) Combined pan and zoom

Figure 4-13: Some examples for the defined cameraavement

The whole path the virtual camera follows during #ntire video is divided into trajectories.
Each trajectory starts and ends with a ROI or thelarimage in the first and last route. For its
movements, the virtual camera needs the informa#ibaut the starting and ending window
dimensions of each trajectory, as well as the CltRam curve that joins both sampling windows.

The virtual camera will stop at each interpolatiwoint of the curve, copy the pixels inside the
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sampling window, resize the copied pixels througndar interpolation to obtain a frame and
store the frame as an image file in a specific ey folder. These temporary images can be
converted afterwards into a video externally udiimypeg. The image files are stored in JPEG
format, although they could be written to the hdrive in all the formats allowed by OpenCV’s
libraries. The files will be named increasinglyarsing at 0000.jpg, so maximally 10.000 files can
be stored. This number is more than sufficienttfigr video generated from a single image, where
normally an amount around a thousand files is amit600 for smaller images up to about 1500 for
high resolution images). The process of writing tds@porary files to disk is a bottleneck to the
application’s performance and slows down signifitathe speed of the video generation. The
solution to this problem, which is out of the scayfehe project, would be to code the video file
inside the application and disassociate the ROB2¥iprogram from the Ffmpeg libraries. This
way all the data would be processed in RAM memary ao temporary files would have to be

written on hard disk.

The size of the sampling window, that the virtuamera is capturing, grows or decreases

linearly between the two ends of the route.

Figure 4-14: Scheme of the camera simulation.

Figure 4-14 shows a scheme of the camera simulatiowing size variations of the selections
on the original image. The red sampling windowsedeine the keyframes, i.e. ROI positions,
while the orange dashed line shows an example @irttermediate frames in which the size of the
sampling window increases towards the value oflaélsé ROl sampling window. The complete

camera path is composed of the following routes:
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* 1->2: Panning+zooming from the whole image to thé /®I (Forward sentence)
* 2->3: Panning between two ROIs that are captured bglbgsized sampling windows

* 3-24: Panning+zooming between two ROIs that requimmpdiag windows with

different sizes
* 4-5: Panning+zooming from the last ROI to the whatege (Backward sentence)

According to the Minimal Perceptible Time —MPT- cept (chapter 2.1.2), it would be
desirable if the camera stopped at the end of eadle to be able to see the ROIs in detail. Liu et
al. state in [9] that the MPT of a face is aboudr28 and that the MPT of a text is 250ms for each
word. As our Image2Video CAT is aimed to be usedhfoy type of object, we will let the external
ROl descriptor decide the relevance of the attentiobject. A standard stop of
8frames/25fps=320ms is set at each object andxteenal ROl detector will be responsible for
giving a relevance factor for the object. The tst@pped at each attention object will be calculated
as the product of the standard stop multipliedHgyrelevance factor. For example, for a relevance
factor set to 2, the camera movement will stopstabject 2*320ms=640ms. In the opposite case,
for an absolutely non-relevant object, the imparéardactor can be set to 0 and the camera
movement will pass through this object without giog. However, if the speed control is set to
ease-in and ease-out, the camera will move slovilenwpassing through the ROI, even if it has

zero relevance. If the relevance of each attertfgjact is not defined, it will be considered as 1.

4.9 Video coding from the temporal image files

The last step is to generate a proper video fimfthe temporal image files that were saved on
the hard drive. The video coding is done using Rfapeg libraries (see Appendix E for more
information). The generated video file can useassivideo codecs and bitrates, which have to be
specified when invocating the ROIs2Video prograrhe Tgenerated temporal files are deleted

before leaving the program.
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5 Integration and testing

5.1 Integration of the modules

The lifecycle of the application has followed atoyped development. In the first phase of the
project a very simple and rather limited ROIs2Vidgplication was developed and afterwards the
single modules where improved and generated ingialigl The change history of each module of
the ROIs2Video is summed up in Table 2.

Module Changes

At the beginning, the ROIs were not read out frofitea but generated by

14

OpenCV's face detector. As the results of the detedid not satisfy thg

o R_O| ) expectations, it was changed to manual file aniwotand file read out. Th
initialization

D

possibility of autogenerating a set of ROIs waseadaffterwards, answering fo
the existing demand in the aceMedia project.

At the very first moment, there was no image adapiaas the videg

resolution was fixed and the user could not change

In the next step, the user was able to decideittemwesolution, but really
there was no image adaptation and the user haehterate videos in a similr

aspect ratio as the image, in order to not dishartfull image on the video. |f

the selected video aspect ratio was different ftbenimage aspect ratio, t:[e
image would be distorted changing its aspect ratmrder to fit into the vide

screen.

Image A new attempt considered that the images had bismaly two aspect
adaptation | ratios, a vertical of approximately w/h=3/4 andaitontal of approximately
w/h=4/3, what is true for most standard images riakéh digital camerag.
The video also had to be generated with one of Bsfiect ratios and, in the
case the video had the opposite aspect ratio tltmmtage, the image would
be flipped 90 degrees. This case was wrong for teasons: the screg¢n
displaying the video also had to be turnable arsl @daptation did ndt
consider all the cases where the image or the wilild@t have the expectgd

aspect ratios.

The final decision was to add the black bars, ataéed in chapter 4.2.
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The keyframe extraction started considering onlg fROIls, without

=

—*

=

14

Keyframe generating the ring sentence, because the camerenmeat did not considg
extraction zooming and was only able to pan through the image.
Sampling .
Window No remarkable changes made in this module.
Centring
The optimal path was not calculated at the begmpinthe execution, b
at the moment the camera arrived at a ROI the searevisited ROl wa$
chosen.
_ For implementing the Simulated Annealing, first aodel was
Ocii;;gﬁ;tﬁ)grt]h programmed in Matlab to probe if the method wadlyealid. Besides thd
distance, other cost functions have been triedusinig the Matlab mode
obtaining worse results. For example the sum of tilmmed angles 0
combinations of the sum of angles and the travealisthnce has been tried dqut
as cost functions.
The first approximation set the pixel jump on tim@ut image between
frames as a constant value and it had to be mddifanually for each
Camera execution, trying out values for the different imagesolutions. Th
mogé)rrlltrsoﬁeed experimental observations led to the final decisabrestablishing a standafd
velocity that adapts automatically to each resofutand leaving open tfHe
possibility for the user of selecting a fasterlom&r camera motion.
The curve interpolation passed from linear to C#itRam interpolation.
Catmull-Rom interpolation was chosen after compmarith with other
interpolating methods and searching a compromiserdas simplicity and
quality of the interpolated data. The Catmull-Ronteipolation was firs}
simulated in Matlab due to inexperience in thedfiet curve interpolation anf
Curve

interpolation

because the results were rather unknown and hax tiested on a simple

interpreter before programming the algorithms in C.

The next step was to reparameterize the data. dfarameterizing th

11%

data and before having found information about tlaec-length

reparameterization, a more simple method was wgatkerating much denspr

—

curves than needed and discarding all the uselietspThis was unefficien

-60-



and therefore the final solution with arc-lengthpaemeterization was

implemented.

Camera
simulation

In first place the simple panning of a camera wesg@ammed. The
panning function initially only needed the origimda destination pointd,
without having to specify the linear trajectory.d98d on this function, the

zooming and panning function was programmed.

When the curve interpolation was done through CHiRwm, the
zooming and panning function had to be changedracéive the curve the

upper-left corner of the sampling window travelled.

Table 2: Development of the modules

As stated in the table, some of the final modulesawdeveloped initially on Matlab for trying

out the results, due to inexperience in the fiellben these modules were found to be correct and

showed up the expected functioning, they were ggaramed in C and finally integrated with the

rest of the code. These modules were principaklySmulated Annealing sorting module and the

Catmull-Rom interpolation.

5.2 CAIN Integration

This section will explain the integration of thedge2Video in the CAIN framework as a hew

CAT [20]. In order to integrate the Image2Videotlme CAIN, it is necessary to change the

ROIs2Video application and convert it to the obiayg structure of a CAT so it can be added to

the existing architecture. The result of a CAT timeais a.jar file which includes a group of files

needed for the execution of the adaptation toct figeded files are:

M A mandatory Java class fllewith the code to perform the adaptation
(Image2VideoCAT.class).

M A mandatory XML file with the description of the @utation capabilities of the CAT
(Image2VideoCAT.xml CAT Capabilities Descriptorefjl

i Optional files included in the .jar file which coube Java libraries, native libraries or

any other resource file needed for the CAT’s exeautn the case of the Image2Video

application, it is necessary to include:

° All the mandatory files must have the name of@#el with varying file extensions, for example in
the present case the files Image2VideoCAT.class larat)e2VideoCAT.xml have to be packed in a file
named Image2VideoCAT jar
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* The OpenCV-Open Computer Vision- library (for a detailed ciggtion please
read Appendix D): Because it is not desirable foethel on any externally installed
version of the library and to avoid incompatibdiiof OpenCV version changes in
the CAIN.

* A shared library generated from the native C cddh@ ROIs2Video application
with some slight changes of the interface and theessary adaptations to work
with JNI.

Additionally theffmpegprogram, used initially as an external program iandcated before as
a system command, has now to be used througfinipegJNI CATalready included in the CAIN

framework.

5.2.1 Mandatory Java class file: Image2VideoCAT.cla ss

The Java interface has to include Image2VideoCAT.claséile that extends the class

CATImplementationand implements itadaptmethod, needed for the integration of every CAT.

public abstract MediaContentList adapt(MediaContent List inputContent,
MediaFormatType outputFormat, String outputFolder, Properties
properties);

To have an overview, the Jaadaptmethod carries out the actions seen in Figure 5-1:

1. Before calling the native routines to generatevideo, it is necessary to check if the
temporal folder exists and has any temporary fiéddisover from previous erroneous
executions. In case the folder exists, any fileg imill be deleted. On the contrary, if
the folder does not exist, it is created. The terapolder can't be created anywhere in
the file tree, because it could interfere with dileom other programs or CATSs. It is
created inside the folder where the CAIN uncompmedke.jar package. The path to

this folder has to be transmitted to the nativegpam.

2. The native ROIs2Video application is called. Thispsresults in the generation of the

temporal images (the videoframes) that are lefhénfolder created in step 1.
3. The videoframes are converted to a video file ugnegffmpegJNI CAT.

4. The temporal folder is cleaned and removed.
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1.Clean temporary folder for possible
leftovers

A4

2.Call native Image2Video program

4.Call ffmpeg and convert frames into
video

h

4.Clean temporary folder

Figure 5-1: Image2Video CAT operation

5.2.2 Mandatory XML description file: Image2VideoCA  T.xml

The XML description file states the actions theresponding CAT fulfils. In our case, the
shown Image2VideoCAT.xml file informs CAIN’s deadsi module that the input file has to be a
JPEG image file with resolutions between 500x500 a@00x3000 pixels and that a MPEG-1/2

video will result as an output.

-63-



- <cat xsi:schemaLocation="acemedia cme:cat file: /C AT Capabiities xad">
=name>Image2VideoCAT=mame>
<iesciiption>Generates a wideo passing through an inage's EOls</description>

-t
JPEGZ visugl elementary stream adapation capgkilities description
-
- <FlementarvStreamFormat type="Tmage" 1d="TFEG">
- <CommonParameters>
- <VisualCoding>
- <Frame>
- <height=
- Trange-=
=from=500</from=>
<to=3000</to>
<frange=
</height>
- <width=
- Trange-=
=from=500</from=>
Zto=3000<to>
<frange=
<fwidih=
</ Frame>
<{VisualCoding>
</CommonParameters=
</FlementaryStreamFormat>
- <FlementarvStreamFormat type="Video" id="0MFPEG-1"=
- 2CommonParameters=
- <VideoCoding>
- <Frame>
- =rate=
<value>25<fvalue>
=value=30=fvalue>
<frate>
</ Frame>
<{VideoCoding>
</CommonParameters=
</FlementaryStreamFormat>
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- “<FlementarvStreamFormat type="Video" 1d="T{PEG-2">
- <CommonParameters=
- <VideoCoding>
- <Frame>
- <rate=
=value>24000/1001<fvalue=
=value>24<fvalue>
=value=25=fvalue>
Zvalue=30000/1001<fvalue=
=value=30=fvalue>
=value>20<fvalue>
=value=a0000/1001<fvalue>
Zvalue>&0<fvalue=
<frate>
=/Frame>
= VideoCoding=
=/ CommonParameters=
</ElementarvStreamFormat=
- <ImputhIediaSystemFormats>
- =hMediaSvstemFormat id="TFEG-IMedia">
<FleFormat>JPEG</FileFormat=>
<Extension>jpeg</Extension=
- <VisualCoding>
=CodingFormatBef idref="JFEG" >
=fVisualCoding>
<MediaSvstemFormat>
</InputhIediaSystemFormats>
- =0utputhIediaSvstemFormats >
- <hediaSvstemFormat 1d="1{PEG] -Iledia"~
=FileFormat>I{PEG-1</FileFormmat=
<Extension>mp 1</Extension>
- =Visual Coding>
= odingFormatEef idref="T1{FEG-1"">
= VisualCoding=
</MediaSvstemFormat>
- =hMediaSvstemFormat id="1LIPEG2-Iedia"=
<FleFormat=}MPEG-2</FileFormat>
<Extension>mp2</Extension=
- <VisualCoding>
<CodingFormatBef idvef="1{FEG-2"/ >
=fVisualCoding>
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=/MediaSvstemFormat>
=/OutputhIediaSystemFormats >
- =AdaptationModalities>
- <AdaptationModality=>
- =<Mode href="acemediacme catcsImage2Video-CAT-Modes"~
=Name=>Eeytrame Eeplication Sumarization</MName=>
<Mode=
=hlediaSystemB efInput 1dref="TPEG-Ideda" >
=hlediaSvstemBef Output idref="T{FEG1-Media" =
<hlediaSystemB ef Output 1dref="T{FEG2-Idedia"f>
sfAdaptationhIodahty=
<fAdaptattonModahties>
=fcat®

5.2.3 Adaptation of the native C code

The native C code has to be modified, so it doesnoik as a standalone program and can be
called as a function from a Java program. Therefthre prior main routine is converted to a
function receiving the indispensable parametemfiie Java Image2VideoCAT class using JNI —
Java Native Interface-. The main function is rendr@ the generateVidedunction with the

following header:

JNIEXPORT jint JNICALL Java Image2VideoCAT_generate Video(IJNIEnv* jEnv,
jobject jObj, jobjectArray jArray, jstring path)

ThejobjectArray jArrayis the variable where the arguments are passtktoative function.
It will contain an array of Java Strings, that aomverted in thgenerateVideaoutine fictitiously
to theint argc andchar** argv variables, that were used in the prior main functiThis way no
other changes have to be done in the original dddethe other hand, thstring pathcontains the

path to the temporal folder.

5.2.4 Modification of the Ffmpeg library

During the standalone development of the ROIs2Vitbeb, the Ffmpeg library collection is
ran through a system command, assuming the Ffmpkgase is installed on the machine and
having installed the latest subversion of the safew Contrary, for the integration of the
Image2Video tool in CAIN, the ffmpegJNI CAT is usedreduce the risk of incompatibilities and
external dependencies on programs which may natdtelled. During the change between both
Ffmpeg versions, some problems occurred, becaadéntpegJNI CAT is built on an older version
of the internal libraries and does only support théeo generation from image files with
dimensions divisible through sixteen (though th#ewi file does not have this restriction). A little
patch had to be introduced, to generate the iméeg® rfespecting the restriction, but generating

afterwards the video file with the correct dimemnsio
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5.3 Testing

5.3.1 Testing environment specifications

The system has been tested on different computisisg Microsoft Windows and Linux
operative systems (the versions for Windows andntere slightly different).

The used computer specifications are:

Computer Processor Hard disk

Intel Pentium D 2.8
Home computer 1 1GB 250 GB
GHz
Intel Pentium Mobile
Home computer 2 384 MB 40 GB
1.8 GHz
Intel Pentium 4 3.2 100 GB for Windows
Lab computer 1 1GB
GHz 50 GB for Linux
Lab computer 2 Intel Pentium 4 . 50 GB for Windows
(Laptop) Centrino 1.86 GHz 30 GB for Linux

Table 3: Computer specifications

The application has been tested on Microsoft Wirgl®® SP2 (Home computer 1&2 and Lab
computer 1) and on Linux Ubuntu 6.10 (Lab computerAlso, during the integration in the

aceMedia CAIN framework, the system was testediooX.CentOS 4.5 (Lab computer 2).

5.3.2 Library versions

The libraries used during the development of th@iegtions have been:

-67-



Library Version

Ffmpeg

* libavutil version: 49.0.0
+ libavcodec version: 51.9.0
* libavformat version: 50.4.0

Built on Jun 20 2006 02:00:39, gcc: 4.0.3

* libavutil version: 49.0.0
+ libavcodec version: 51.11.0
* [ibavformat version: 50.5.0

Built on Sep 20 2006 00:26:15, gcc: 4.1.2 20060@0érelease)
(Ubuntu 4.1.1-13ubuntu?2)

+ libavcodec version: 47.23
* libavformat version: 46.16

Built on Mar 31 2005 11:37:24, gcc: 3.3.4 (DebiaB.3d.4-13)

(This older version corresponds to the FfmpegJNTLA

OpenCV RC1
Released August 11, 2006

Table 4: Library versions

5.3.3 Test examples

The tests have been done with a set of differeages, taken from personal images, from the

aceMedia database and from the Internet, consiglerin
= different resolutions
= number of ROIs
= disposition of ROIs

= relative size of ROls
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In the tests, the videos have been generated tisindifferent execution parameters (camera
speed, curvature in the Catmull-Rom curvaturespraatic ROl generation...). Some execution

results of the program are compared in Table 5.

Image Video Number Speed Number Execution

resolution resolution of ROIs factor of time

frames
1 tenis.jpg 600x435 | 320x240 7 4 315 5.28s
2 tenis.jpg 600x435 | 150x100 7 1 1259 8.39s
< | 2+torre.JPG| 2112x2816 320x240 3 4 337 54.88s
“8 2+torre. JPG| 2112x2816 240x320 3 4 387 37.15s
5 7.JPG 2816x2112 320x240 7 4 400 33.66s
6 19.jpg 1600x1064 240x320 19 4 840 25.29s
7 19.jpg 1600x1064f 240x320 19 1 1582 61.33s
Table 5: Execution results running the ROIs2Video pplication under Linux on Lab
computer 1

It can be observed how the execution time is langer
= for higher resolution images — compare for exanegkecution 1 with execution 3

= for the same image with a slower speed factor r-efcample execution 6 against

execution 7

* not necessarily if the image contains more ROIla tr@other with the same resolution.
(It depends on the distribution of the ROIs inithage.)

= jf the image has been adapted to the video asptcf because the black bars increase
the size of the image

A set of example output videos can be found folfapthe URL:

http://www-gti.ii.uam.es/publications/image2video.
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6 Conclusions and future work

6.1 Conclusions

The developed system has generally reached its,gofféring smooth camera simulation for
most of the images. Camera motion is improved Bagitly when reparameterizing the Catmul-

Rom interpolation and adding ease-in and easetdbéedeginning and between two ROIs.

It is important to mention that the application wkobetter video results (smoother motion)
when using higher resolution images as input. @notle hand, the system has been designed and
tested mostly for pictures with decent resolutiOm the other hand it has less use to transmode

pictures with very poor resolutions, as they canibealized directly on a small display.

Videos with dimensions close to the image resatusbow particularly bad results, as the
sampling window is confined to an area not muclgéighan itself and is not able to move freely.
In these cases, the sampling window will be centvégd a high probability exactly on the same
position for more than one ROI and there will be pamning between ROIs, what can lead to

confusion(see Figure 6-1).

Figure 6-1: The same sampling windows centres tharee faces situated at the right part of
the image.

The profit of the transmoding is optimized for highsolution pictures and for video
dimensions inferior than the image resolution.ah de said that for these cases the Image2Video
transmoding offers a really visual attractive solut

6.2 Future work

To continue the present work and improve the peréorce of the ROIs2Video application, further

investigation could be applied to certain points:

1. As mentioned before, due to the dependance on Kfnifpis necessary to write/read a

high number of temporal images to/from hard dishkicl slows down significantly the
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performance of the application. The video-codingldde incorporated to the system
so all the data is kept in RAM.

2. The high number of image resizings also takes gowaat a considerable amount of
time. Future investigation could investigate in htavoptimize the resizing of the

images.

3. Other sorting algorithms and cost functions couddtiied out, although the results
reached with Simulated Annealing and the distaras function are in most cases

very acceptable.

The quality of the browsing path is mostly subjeetibut it could be tried to find an
objective measure of the quality of a path (forregke number of crossings in the
browsing path) and repeat the Simulated Annealioggss if the quality is not high
enough. Another option would be to repeat the Sateal Annealing process several

times and pick the solution with the best cost.

4. The major drawback of applying the distance costfion relies in the fact, that the
cost function is not influenced by the zoom faabthe ROIs and it is generally not

pleasant if the virtual camera is continuously zownstrongly in and out.

5. Future work could include some improvement in digplg large ROIs that don't fit in
the sampling window. A possibility would be to $pghiose ROIs and scan each ROI
with spatial resolution 1:1 or similar. Some scagnpaths are more evident than
others as can be seen in Figure 6-2, where thaisgapath to the right is questionable

and should be compared with other options.

ROI [j> ROI RO

Figure 6-2: Scanning paths for splitted ROIs. The ectangle with bold strokes represents the
sampling window.
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6. Using additional annotation and allowing the ROds e rotated rectangles, the
simulated camera movement could be improved adtimgapability or rotating on the

xy-plane. As mentioned before, this would be usé&fulexample for reading rotated

texts more easily.
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6 Conclusiones y trabajo futuro

6.1 Conclusiones

Se puede decir que la aplicacion desarrolladadsanzddo sus objetivos principales de ofrecer
una simulacion de movimiento de camara agradakleaye para la mayor parte de imagenes. El
movimiento de camara se ha visto mejorado signifi@mente con la introduccion de la
interpolacion Catmull-Rom reparametrizada con aeelén al inicio y frenada al final de cada

unién entre ROls.

Es importante mencionar que la aplicacion muestegomas resultados (movimientos de
cdmara mas agradables) cuando las imagenes ddeestra de alta resolucion. Por una parte, el
sistema se ha disefiado y probado mayoritariamemténtagenes de resoluciones medias y altas.
Por otra parte tiene poco sentido convertir imageateebaja resolucion a video, ya que estas tienen

poca finura de detalle y se pueden ver directamemtea pantalla pequefia.

Videos con resolucién cercana a la resolucion dendmen muestran particularmente malos
resultados, ya que la ventana de muestreo no dperas margen para moverse libremente. En
estos casos con mucha probabilidad la ventana @streo coincidird exactamente para mas de
una ROI y no habra panning entre dichas ROIs, b muede llevar a confusion del usuario (ver
Figure 6-1).

Figure 6-1: La misma ventana de muestreo centra lases caras de las personas situadas en la
parte derecha de la imagen.

El mayor beneficio de la conversién de imageneilaovse obtiene usando como entrada una
imagen de resolucion decente y generando un videesblucion claramente inferior. Para estas

imagenes la adaptacion Image2Video ofrece unaiéoluealmente atractiva para el espectador.

6.2 Trabajo futuro

Para proseguir el trabajo presente y mejorar eiéimamiento de la aplicacion ROIs2Video, la

investigacion futura podria centrarse en los sigegpuntos:
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Como se mencion0 anteriormente, debido a la depeiaée la libreria Ffmpeg, es
necesario escribir y leer una gran cantidad de emég a/de disco, lo cual frena
significativamente el rendimiento del programa. t¢adificacion de video deberia

incorporarse al sistema, de forma que los datasalesen de la memoria RAM.

El alto nimero de redimensionamientos de imageamabién supone una ralentizacion
del proceso. Investigacion futura podria abarcar dptimizacion de estos

redimensionamientos.

Podrian probarse otros algoritmos y funciones deecocaunque generalmente los
resultados del algoritmo de Simulated Annealing fomeion de coste de distancia son

satisfactorios.

La calidad de la ordenacion de presentacion d&@is es en mayor parte subjetiva,
pero se podria intentar hallar una medida de ahladgetiva y repetir el algoritmo de
Simulated Annealing si la calidad de la ordenaciores lo suficientemente alta. Otra
opcion seria repetir la ordenacion Simulated Aringalarias veces y elegir la solucion

con menor coste.

El mayor inconveniente de aplicar una funcion deegor distancia esta en el hecho
de que la funcion de coste no esta influenciadaepactor de zoom de cada ROl y
generalmente no es agradable si la camara estcaadese y alejdndose

continuamente.

Trabajo futuro podria mejorar la presentacion ddsRg§pandes que no caben en la
ventana de muestreo. Una posibilidad seria divdithas ROIs y escanearlas con
resolucion espacial 1:1 o similar. Unos caminogsieaneado son mas evidentes que
otros, como se puede ver en la figura 6-1, dondmmlino de la derecha es uno de

varios posibles y deberia ser comparado con opr@ismes.
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ROI [j> ROI ROI

Figure 6-2: Caminos de escaneado de ROIs subdividid. El rectangulo negro de trazado
ancho representa la ventana de muestreo.

6. Usando anotacion adicional y permitiendo que lagsRf®an rectangulos rotados, el
movimiento de cémara simulado podria ser mejordtidiando la posibilidad de
rotacion en el plano xy. Como se mencion6 anteeotmen el capitulo 4.8, esto seria

atil por ejemplo para leer con mayor facilidad tesdgtado.
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Glossary

JNI
ROI
CAT
CAIN
CME
PDA
GUI

Java Native Interface

Region Of Interest

Content Adaptation Tool
Content Adaptation Integrator
Cross Media Engine
Personal Digital Assistant
Graphical Use Interface
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Appendices

A Running the application

The invocation parameters of the application areddd in two parts. In first place, it is

possible to specify the desired execution optibgsadding tag-value pairs. The possible tags are:

Video parameters

= ‘-pb’ Bitrate of the generated video. Reasonablendisufor the video bitrate are 100 (very
low) to 99999 (very high).

= ‘-cod’ Video codec to be applied in the video cadisome example codecs that can be

specified using the following strings are: ‘mpegieo’, ‘mpeg2video’, ‘mpeg4’, ‘wmvl'...

= ‘-w' Video width. It has to be bound between 1 ahé image width, although values

close to the limits are not practical.

= ‘h’Video height. It has to be bound between 1 #raimage height, although values close
to the limits are not practical.

General parameters

= ‘¢’ Catmull-Rom curvature parameter. Its bounds @r (linear interpolation) to 1(very
curved interpolation). (Explained in chapter 4.y7.2.

= v’ Speed multiplying factor. Any positive floatinpoint value. (Explained in chapter 4.6)

= ‘-7’ Maximal zoom applied on ROIls. Any positive 8ting point value. The ROIs will be
zoomed in with a factor limited by the minimum péted by the video resolution and the
maximal zoom. (Explained in chapter 4.4)

= ‘s’ Flag to specify whether Simulated Annealingdpplied (1) or not (0). Only the
Boolean values O/FALSE and 1/TRUE are allowed.

= ‘“a Flag to specify whether the ROIs are read éwtm a file (0) or generated
automatically (1), dividing the image in four RCGiad traveling clockwise through them

(Explained in chapter 4.1). Only the Boolean vald#sALSE and 1/TRUE are allowed.

It is not mandatory to specify all the values, heseathe parameters that are not manually specified
will be set to default average or most generalgdugalues.

In second place, and necessarily after the tagevadirs, it is obligatory to specify the image

files and, when needed, the files with the ROI infation. In the case the ROIs want to be

-81-



generated automatically (*-a 1’), a sequence ofitiiege paths has to follow the tag-value pairs.
The generated video will contain the camera flptigh for all the images sequentially. Contrary,
if the ROIs are specified in files (‘-a 0’ or ‘-atas not specified), one ROI file per image, a

sequence of image path + ROI path pairs has tpdafeed. If the ‘—a’ tag was not indicated,
Some execution examples, supposing the execuibble hamed Image2Video, are:

= Execution specifying the bitrate, video dimensiams,odec and two images with the

corresponding ROI files

>> |Image2Video -b 5000 -w 400 -h 200 -cod wmvl imag el.jpg roisl.txt

image2.bmp rois2.txt
= Execution specifying video dimensions and genegetie ROIs automatically
>> |mage2Video -w 400 -h 200 -a 1 imagel.jpg image2 .bmp image3.jpg

= Wrong execution of the last example, because tteraf the tag-value pairs and the

image paths are inverted
>> Image2Video imagel.jpg image2.bmp image3.jpg -w 400-h200-a1l
= Wrong execution, if the option ‘-a 1’ is activatéids incorrect to specify ROI files

>> |mage2Video —a 1 imagel.jpg roisl.txt image2.bmp rois2.txt
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B Manual ROI annotation tool

The graphical user interface, developed in JavaguSiwing classes, has been built for demo
purposes and allows drawing the ROIs on the imagg generating automatically the file
containing the ROI specifications. If the ROIs wembe loaded from a file it is also possible. The

GUl is a first version and can clearly be improv8dme of its limitations are:

*= The execution finishes after generating a video lzaito be run again for generating

another video
» |t generates only videos using a single image

= |f a ROI has been drawn incorrectly it is impossitd correct it, only the possibility of

starting drawing all the ROIs again exists.

Image2Video

[| Automatic video
[ ] Simulated annealing

[400 | width
[400 | Height
5000 | Bitrate

[1 | speed
E Curvature
E Maximal zoom

Codec

mpeg2video |«

== man-

‘ Reset ROIs | | Save ROIs

Load Image |i\r0‘tCadiz Sernana Santa 2007UMG_0189 jpol |

Load ROIs |uments and Settings\FerdilEscritoriotestxml| 1

Figure B-1: Appearance of the Graphical User Interéice

To generate a video using the GUI the order focgeding is:

1. Load an image clicking on “Load Image”. The imagé# appear on the GUI
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4.

5.

Draw the ROIs on the image. If the user committedistake, he can delete all the ROIs
clicking on “Reset ROIs”. When finished definingtROls, the user has to click the “Save
ROIs” button.

Alternatively, if the ROIs are already specifiedaiffile, the user can load these clicking on
“Load ROIs".

At any moment, the user can change the parametirgseon the right side of the window.

The last step, when everything is correctpislick the “Generate video!” button and the

video will be generated.
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C CAIN system overview [21]
C.1. Architecture

CAIN — Content Adaptation Integrator — is a multdiee adaptation engine integrating
complementary adaptation approaches into a singlduta. Its main target is to adapt content in
the most efficient way, searching a compromise betwthe computational cost, the quality of the
final adapted media and the constraints imposdtidynedia formats.

As can be seen in Figure C-1, CAIN is divided irethmain modules: the Decision Module
(DM), the Execution Module (EM) and the battery ©ATs available. Additionally, a set of
support modules are necessary (e.g. MPEG-7/21 Xatkqrs).

The battery of CATs consists of four categories:
= Transcoder CATs
= Scalable Content CATs
» Real-time content driven CATs

= Transmoding CATSs (e.g. The Image2Video application)

Media Description Multimedia Context Description
(MPEG-7, MPEG-21) Content (MPEG-21)

. ]

|getMediaInfn|| getMedia ” getContext |

| Filter by mandatory cr;nsiraints ‘

| Filter by desirable constraints |

| Selects CAT and its'premelers ‘ Decision
Module

hulimedia CATsid and its CATS capabilities
Content desoription

Execution W CAT'S
Module s Battery
[caTi_ |
Adapted Media \
Description Adapted Contert
| putMedialnfo | | putMedia I Content Adaptation
- | Integrator
; 1 -
Adapted Media Descriptien Adapled Media [ Output calloack sbject [] CAT
(MPEG-7 MPEG-21) ] nput calback objest [ Application Module
it D5%lInterfase [ Preccess

-~ Opfional vD

Figure C-1: CAIN Architecture (Image taken from [21])
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C.2. Adaptation process

The CATs have to be delivered with a descriptiothefr adaptation capabilities, which will be
used in the decision module together with the ugagéerences, terminal capabilities, network

capabilities and content descriptions to selecattexjuate CAT for the adaptation.

Archive
Multiple Files | CATs | Profile Selection & CATSs Media Selection
Usage Preferences Not Parsed| MEn e
| Clear | | Edit | | Parse |
View
Terminal Capabilities Not Parsed|
Adapted Media
| Clear | | Edit | | Parse |
fhome/
Output Prefix |
e Output File:
Network Capabilities Mot Parsed
Media Information |
Mot output media created
| Clear | | Edit | | Parse |
Clearall View | | Clear

Figure C-2: Appearance of the graphical user interfice built internally in the GTI-UAM for
demo purposes of the CAIN framework. On the left gle of the window the adaptation
preference files have to be selected, while on thight side the input file and output filename
have to be selected.

The usage preferences, terminal and network cajedihave to be delivered in XML files to
allow the work of the decision module. The follogiiare examples of XML files corresponding to
the categories enumerated above.
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- <D A xsi:schemaLocaton="urnmpegmpeg2 1:2003:01-DIA-IS
Cer P EG-21-DLA T TsageEnvironment, xad"=
- =<Desciption xsi:type="TUsageEnvironmentProperty Type"=
- <UsageEnvirommentProperty xsi:tvpe="TTzersType">
- <User xsi:type="TzerType">
- <UserCharacteristic xsi:type="UszagePreferencesType">
- <UsagePreferences=
- <mpeg:FltermgAndSearchPreferences>
- <mpeg’:SomrcePreferences>
- <mpeg:MediaFormat preference Value="10">
<mpeg: Content lwef="5oyUnTokenFelz" >
=mpeg:BitRate variable="true" minimum="64000" average="64000"
maximun="64000">25</mpegT: BitR ate=
- <mpeg’: VisualCoding>
- <mpeg :Format hwef="urn:mpegmpeg’.cs Visual CodingF ormatC 32001 1"=
<mpeg:Name xml:lang="en">1PEG-1 Video<impegT:Mame>
<fmpeg’:Format>
<mpeg’: Frame height="400" width="400" aspectRatio="1" rate="25"/>
</mpeg’: VisualCoding>
- <mpeg: AndioCoding=
- <mpeg:Format hwef="urmmpegmpeg?-cs Audic CodingF ormatCs.2001-.2">
<mpeg :Name>KMPI<mpegT: Name>
<fmpeg7:Format>
<mpeg’: AndioChannels>2</mpeg7: Andio Channels>
<mpeg’:Sample rate="44000" bitsPer="16"/~
<fmpeg’: AndioCoding>
<fmpegT:MediaFormat>
<fmpegT:SomrcePreferences>
<fmpegT:FiltermgAndSearchPreferences>
<fUsagePreferences>
<UserCharacteristic>
<User=
<UsageEnvironmentProperty=
<Descrption=
</DIA=

a. Usage preferences description: The file estalties some of the output preferences, such as
the video bitrate, the video resolution and others
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— =<DIA xsi:schemaLocation="urn:mpegmpeg? 1.2002:01-DIA-TTE"=
— <Description xsi:type="UsageEnvironmentPropertyType"=
— <UsageEnvironmentProperty xsi:type="TerminalsType">
— <Terminal>
— <Terminal Capahility xsi:type="CodecCapabiitiesType"=
— <Decoding xsi:type="lmage CapabiitesType">
— <Format href="urnmpegmpeg? ceVisnal CodingF ormatCE: 20014 "=
<mpeg’:Name xml:lang="en">GIF</mpeg7: Name >
</Format>
</Decoding>
</T erminal Capahility=
<{T ermunal >
</UsageEnvironmentProperty>
</Description>
</DIA>

b. Terminal capability description: In this examplefile, the terminal can display GIF files

— <DIA xsi:schemaLocation="urnmpegmpeg2 1:2003:01-DIA-TTE
Chler WMPEG-21-DLAV T sage Environment zad"=
— <Description xsi:type="UsageEnnronmentPropertyType"=
— =UsageEnvironmentProperty xsi:type="MetworksType"=
— <Network>
<NetworkCharactenstic xsi:type="Tetwork Capabiity Type" maxCapacity="2000000"
minGuaranteed="1000000" =
=/ Networl:>
=/UsageEnvironmentProperty=
=/Description>

=/DIA>
C. Network capability description: The description shavs
a network with a high transfer rate capability.

The decision module selects the best CAT usingretcaints satisfaction and optimization

algorithm. The constraints are distinguished in thasses: mandatory and desirable.

In the last step, the execution module executesdieeted CAT, calling the adaptation method
of the chosen CAT.

C.3. CAIN extensibility

CAIN provides a flexible extensibility mechanismarder to integrate new or update existing
CATs without having to recode or recompile the cofeCAIN. To inform the decision module
about the new CAT capabilities, it is required taclese a file with the CAT’s adaptation

capabilities.
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Besides, all the CATs are forced to implement aroom adaptation method that provides a
generic interface and performs the adaptations @thod will be called by the execution module

and will return a list with the paths and formatshe adapted contents.

More about the integration of a CAT and the paléicintegration of the Image2VideoCAT

into the CAIN architecture can be consulted in ¢bap.2.
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D OpenCV

OpenCV — Open Source Computer Vision — is a lib@rprogramming functions in C/C++
mainly aimed at real time computer vision. Somengxa applications of the OpenCV library are

Object Identification, Segmentation and Recognitieece Recognition, Motion Tracking etc.

OpenCV is operative system and hardware indeperatehis optimized for real time applications.
It consists of four principal function librariesxCore, CvReference, CvAux and HighGui, which
will be detailed in the following points. (The fulocumentation can be found int the URL

http://opencvlibrary.sourceforge.net/

D.1 CxCore

This library implements the data structures andeseary functions to manage images and
associated data, as well as the linear algebrdifunsc

= Structures: These structures go from basic definitions of afpor a rectangle up to an

image structure to load its header and the piXefnation.

Name Description

Cvggiz?zlrgézt Points in 2D or 3D with coord_ir]ates in integer loafing point
CvPoInt3D32f... precision
Cv(S:Yz?aggéZf Rectangular dimensions in pixels
CvRect Rectangular dimensions with offset
CvMat,
CvMatND, Different multidimensional and/or multichannel niedis
CvSparseMat
IPL — Intel Image Processing Library — image hea@entains the
Iplimage necessary fields for the image description andist@oto the image
data itself (see chapter 3.3.1 Image structure).

Table 6: Structures implemented in CxCore

= Dynamic structures: OpenCV also provides a complete set of data stosagictures. Each
dynamic structure is delivered with the completplamentation of the insertion, deletion and

extraction functions.

INETE Description

CvMemStorage Dinamically growing memory storage, that expandsmatically as
needed
CvSeq Growable sequence of elements
CvSet Sets/Collection of nodes
CvGraph Oriented or unoriented weigted graph

Table 7: Dynamic structures implemented in CxCore
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For the development of the ROIs2Video applicationlyoCvSeq (and indirectly the

CvMemStorage) were used.

= Functions and operations: The following table contains a short classificatiof the

functions in CxCore.

Notes

Classification
Initialization and accessing elemen
and sub-arrays

Copying and filling

Transforms and permutations

Functions to manipulat

Arithmetic, Logic and Comparison

the image and matrix

Operations on arrays

Statistics

data structures

Linear algebra

Math functions

Random Number generation

Discrete transforms

Funcions to draw on ar Lines
. . image, specially used| Shapes (Rectangles, circles, ellipsgs)
DUEISIG) TTEHeres for debugging and Text

marking of ROIs

Point sets and contours

Writing and reading
data to/from XML or
YAML formatted
files...

File storage functions

Other miscellaneous
functions

Table 8: Functions and operations in CxCore

D.2 CvReference

For most applications, CvReference is the mairatipof OpenCV functions. However, for the
development of the ROIs2Video tool, only the pattecognition played a major role. Therefore
the pattern recognition in OpenCV, concretely thmla/Jones face detection method, was
described in detail in 2.3.1, while the other fumetfamilies are only summarized in this table.

Classification
Gradients, Edges and Corners
Sampling, Interpolation and Geometrical Transforms
Morphological Operations
Filters and Color Conversion
Pyramids and the Applications
Connected Components and Contour Retrieval
Image and Contour Moments
Special Image Transforms

Image Processing
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Histograms
Matching
Contour Processing
Computational Geometry
Planar Subdivisions
Accumulation of Background Statistics
Motion Templates
Object Tracking
Optical Flow
Estimators
Camera Calibration
Pose Estimation
Epipolar Geometry
Object detection (See 2.3.1 for more informatioawtb
the particular case of Face Detection.)

Structural Analysis

Motion Analysis and Object

Tracking

Camera Calibration and 3D
Reconstruction

Pattern recognition

Table 9: Function classification in CvReference

D.3 CvAux

This library contains experimental and obsoletefions:

Operation classification Description
Stereo Correspondence Functions FindStereoCorrespondence

MakeScanlines
PreWarplmage
FindRuns
DynamicCorrespondMulti

MakeAlphaScanlines
MorphEpilinesMulti
PostWarpimage
DeleteMoire
3dTrackerCalibrateCameras
3dTrackerLocateObjects
CalcCovarMatrixEx
CalcEigenObjects
Eigen Objects (PCA) Functions CalcDecompCoeff
EigenDecomposite
EigenProjection

View Morphing Functions

3D Tracking Functions

HMM
ImgObsinfo
Create2DHMM
Embedded Hidden Markov Models Release2DHMM
Functions CreateObsiInfo

ReleaseObsinfo
ImgToObs DCT
UniformimgSegm
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InitMixSegm
EstimateHMMStateParams
EstimateTransProb
EstimateObsProb
EViterbi
MixSegmL2

Table 10: Function classification in CvAux

D.4 HighGUI

HighGUI is a set of functions to design quick amgierimental user interfaces. However, the
library is not intended for end-user applicatioas, it only provides simple methods to display

images or allow some user interaction.

The HighGUI library also has functions to manageagenfiles, loading them or writing them to
disk. The video I/O functions allow the developerssily use camera input, but does not include

exhaustive error handling.

Operation classification Description
Functions to open windows that present images|and
Simple GUI trackbars and functions to listen to mouse or key
events.

Read and write images in different file formats
(BMP, JPEG, PNG, TIFF etc.).

Video I/O functions Video capturing from a file or a camera

Utility and system functions

Loading and saving images

Table 11: Function classification in HighGUI
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E Ffmpeg

The Ffmpeg librar¥ collection was started by Fabrice Bellard and nased after the MPEG

- Moving Pictures Expert Group - video standardsug with the prefiXf (for fast forward. The
Ffmpeg software is a command line tool which allows

to convert digital audio and video between varifmumats
= to generate videos from an array of image files
= streaming real time video from a TV card

It consists of different components, summarizethenfollowing table:

Library

Description |
Libavcodec Audio/video encoders and decoders. Some of theostgzp
codecs are shown in Table 13
Libavformat Multiplexers and demultiplexers for audio/video
Libavutils Auxiliary library
Libpostproc Video postprocessing routine library
Libswscale Image scaling routine library
Table 12: Components of Ffmpeg
Multimedia compression formats accepted in Ffmpeg |
ISO/IEC ITU-T Others
Video compression MPEG-1 H.261 WMV 7
MPEG-2 H.263 VC1
MPEG-4 H.264 RealVideo 1.0 & 2.0
ISO/IEC Others
MPEG-1 Layer Ill (MP3) AC3
Audio compression| MPEG-1 Layer || MPEG-1 Laye ATRAC3
I RealAudio
AAC WMA
ISO/IEC/ITU-T Others
Image compression JPEG GIF
PNG TIFF

Table 13: Most important multimedia compression fomats accepted in Ffmpeg

10 http://ffmpeg.mplayerhg.hu/
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1)

2)

3)

4)

5)

6)

7

8)

PRESUPUESTO

Ejecucion Material

Compra de ordenador personal (Software incluido)............ccccccevinenne 2.000 €
Material de OfiCING .........ueeeeieieiiii e 150 €
Total de ejecucion material .............ooeeeeeeeeeeeeee i 2150 €

Gastos generales

* 16 % sobre Ejecucion Material .............ooeecccceeeeiiiiniiiiieiee e 344 €
Beneficio Industrial

* 6 % sobre Ejecucion Material ..............ccoeeeeeiiiiiiiii . 129 €
Honorarios Proyecto

* 800 h0oras al5 €/ hora.....ccooueeeiiiiiiiiiiiiee e 1Q00€
Material fungible

o GastoS de IMPreSION......ccciiiiiiiiiiiiieeeeeee et e e e e e e e e e e e e e e eneeneed 60 €
L =1 [oT U = To (=14 o= Tox o o DRSSPSR 200 €

Subtotal del presupuesto

o Subtotal PreSupuestO...........ccoeeeiii it 1104€
I.V.A. aplicable

o 16% Subtotal PreSUpUESTO ..........uuveeeeti e e eeeeeeeeeeeeeeeeeeeeeeeeeen 2.305,6 €
Total presupuesto

o Total Presupuesto........ccccooeiiiiiiiiiii e, 165/ €

Madrid, Septiembre de 2007

El Ingeniero Jefe de Proyecto

Fdo.: Fernando Harald Barreiro Megino
Ingeniero Superior de Telecomunicacion
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PLIEGO DE CONDICIONES

Este documento contiene las condiciones legales gyi@ran la realizacién, en este
proyecto, de un “Sistema de Adaptacion de Imaganéileo” para ser visto en pantallas de baja
resolucion. En lo que sigue, se supondra que gkepto ha sido encargado por una empresa cliente
a una empresa consultora con la finalidad de sraticho sistema. Dicha empresa ha debido
desarrollar una linea de investigacion con objet eflaborar el proyecto. Esta linea de
investigacion, junto con el posterior desarrolldateprogramas estd amparada por las condiciones
particulares del siguiente pliego.

Supuesto que la utilizacién industrial de los mésorecogidos en el presente proyecto ha
sido decidida por parte de la empresa cliente otdes, la obra a realizar se regulara por las
siguientes:

Condiciones generales

1. La modalidad de contratacion sera el concuracadjudicacion se hard, por tanto, a la
proposicion mas favorable sin atender exclusivaenahtvalor econémico, dependiendo de las
mayores garantias ofrecidas. La empresa que s@heteyecto a concurso se reserva el derecho a
declararlo desierto.

2. El montaje y mecanizacion completa de los expuigue intervengan serd realizado
totalmente por la empresa licitadora.

3. En la oferta, se hara constar el precio tatalgbque se compromete a realizar la obra y
el tanto por ciento de baja que supone este pmticelacion con un importe limite si este se
hubiera fijado.

4. La obra se realizara bajo la direccion técnitm un Ingeniero Superior de
Telecomunicacién, auxiliado por el nUmero de Ingess Téchicos y Programadores que se estime
preciso para el desarrollo de la misma.

5. Aparte del Ingeniero Director, el contratistamdra derecho a contratar al resto del
personal, pudiendo ceder esta prerrogativa a f@eloingeniero Director, quien no estara obligado
a aceptarla.

6. El contratista tiene derecho a sacar copiasc@sta de los planos, pliego de condiciones
y presupuestos. El Ingeniero autor del proyectoraatrd con su firma las copias solicitadas por el
contratista después de confrontarlas.

7. Se abonara al contratista la obra que realmgetaite con sujecion al proyecto que
sirvi6 de base para la contratacion, a las modificees autorizadas por la superioridad o a las
ordenes que con arreglo a sus facultades le hayanricado por escrito al Ingeniero Director de
obras siempre que dicha obra se haya ajustado@dosptos de los pliegos de condiciones, con
arreglo a los cuales, se haran las modificaciorasvgloracion de las diversas unidades sin que el
importe total pueda exceder de los presupuestosbagos. Por consiguiente, el nimero de
unidades que se consignan en el proyecto o eresljpuesto, no podra servirle de fundamento
para entablar reclamaciones de ninguna clase, eall@s casos de rescision.

8. Tanto en las certificaciones de obras comoaetiguidacién final, se abonaran los

trabajos realizados por el contratista a los pseae ejecucion material que figuran en el
presupuesto para cada unidad de la obra.
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9. Si excepcionalmente se hubiera ejecutado atmalmajo que no se ajustase a las
condiciones de la contrata pero que sin embargadessible a juicio del Ingeniero Director de
obras, se dard conocimiento a la Direccion, prapuio a la vez la rebaja de precios que el
Ingeniero estime justa y si la Direccidn resolviacaptar la obra, quedara el contratista obligado a
conformarse con la rebaja acordada.

10. Cuando se juzgue necesario emplear mateonadgscutar obras que no figuren en el
presupuesto de la contrata, se evaluara su impoltes precios asignados a otras obras o
materiales analogos si los hubiere y cuando ndjisautiran entre el Ingeniero Director y el
contratista, sometiéndolos a la aprobacion de laddién. Los nuevos precios convenidos por uno
u otro procedimiento, se sujetaran siempre al kstalo en el punto anterior.

11. Cuando el contratista, con autorizacion dejeihiero Director de obras, emplee
materiales de calidad mas elevada o de mayoresndiomes de lo estipulado en el proyecto, o
sustituya una clase de fabricacion por otra qugatesignado mayor precio o ejecute con mayores
dimensiones cualquier otra parte de las obras, agareral, introduzca en ellas cualquier
modificacion que sea beneficiosa a juicio del Irigen Director de obras, no tendra derecho sin
embargo, sino a lo que le corresponderia si hubeakzado la obra con estricta sujecion a lo
proyectado y contratado.

12. Las cantidades calculadas para obras accesawiaque figuren por partida alzada en el
presupuesto final (general), no seran abonadas aihos precios de la contrata, segun las
condiciones de la misma y los proyectos particslaree para ellas se formen, o en su defecto, por
lo que resulte de su medicion final.

13. El contratista queda obligado a abonar alrimge autor del proyecto y director de
obras asi como a los Ingenieros Técnicos, el irpbetsus respectivos honorarios facultativos por
formacion del proyecto, direccion técnica y adntraision en su caso, con arreglo a las tarifas y
honorarios vigentes.

14. Concluida la ejecucién de la obra, sera recidagpor el Ingeniero Director que a tal
efecto designe la empresa.

15. La garantia definitiva sera del 4% del presspo y la provisional del 2%.

16. La forma de pago sera por certificaciones oe#es de la obra ejecutada, de acuerdo
con los precios del presupuesto, deducida la b&gahsibiera.

17. La fecha de comienzo de las obras sera a parios 15 dias naturales del replanteo
oficial de las mismas vy la definitiva, al afio dééraejecutado la provisional, procediéndose si no
existe reclamacion alguna, a la reclamacién diated.

18. Si el contratista al efectuar el replantegeobase algun error en el proyecto, deberd
comunicarlo en el plazo de quince dias al Ingenid@rector de obras, pues transcurrido ese plazo
sera responsable de la exactitud del proyecto.

19. El contratista esté obligado a designar unsopa responsable que se entendera con el
Ingeniero Director de obras, o con el delegadoégtie designe, para todo relacionado con ella. Al
ser el Ingeniero Director de obras el que integoedtproyecto, el contratista debera consultarle
cualquier duda que surja en su realizacion.

20. Durante la realizacion de la obra, se giravésitas de inspeccion por personal
facultativo de la empresa cliente, para hacer taspcobaciones que se crean oportunas. Es
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obligacion del contratista, la conservacién delleag/a ejecutada hasta la recepcion de la misma,
por lo que el deterioro parcial o total de ellapgue sea por agentes atmosféricos u otras causas,
debera ser reparado o reconstruido por su cuenta.

21. El contratista, debera realizar la obra eplato mencionado a partir de la fecha del
contrato, incurriendo en multa, por retraso dgdaleion siempre que éste no sea debido a causas
de fuerza mayor. A la terminacion de la obra, seahana recepcion provisional previo
reconocimiento y examen por la direccion técnitdepositario de efectos, el interventor y el jefe
de servicio 0 un representante, estampando suroaidfd el contratista.

22. Hecha la recepcion provisional, se certificafacontratista el resto de la obra,
reservandose la administracion el importe de latogade conservacion de la misma hasta su
recepcién definitiva y la fianza durante el tiengmialado como plazo de garantia. La recepcion
definitiva se hard en las mismas condiciones queprlavisional, extendiéndose el acta
correspondiente. El Director Técnico propondré dulata Econémica la devolucion de la fianza al
contratista de acuerdo con las condiciones ecoraénhgales establecidas.

23. Las tarifas para la determinacion de honosarieguladas por orden de la Presidencia
del Gobierno el 19 de Octubre de 1961, se aplicadbre el denominado en la actualidad
“Presupuesto de Ejecucion de Contrata” y anteriatendlamado "Presupuesto de Ejecucién
Material” que hoy designa otro concepto.

Condiciones particulares

La empresa consultora, que ha desarrollado el eepeoyecto, lo entregard a la empresa
cliente bajo las condiciones generales ya formuladiebiendo afadirse las siguientes condiciones
particulares:

1. La propiedad intelectual de los procesos itescy analizados en el presente trabajo,
pertenece por entero a la empresa consultora espeeta por el Ingeniero Director del Proyecto.

2. La empresa consultora se reserva el derechw wiilizacion total o parcial de los
resultados de la investigacion realizada para d@kar el siguiente proyecto, bien para su
publicacién o bien para su uso en trabajos o ptoggusteriores, para la misma empresa cliente o
para otra.

3. Cualquier tipo de reproduccién aparte de émefiadas en las condiciones generales,
bien sea para uso particular de la empresa clienggra cualquier otra aplicacion, contara con
autorizacion expresa y por escrito del Ingenierge@or del Proyecto, que actuard en
representacion de la empresa consultora.

4. En la autorizacion se ha de hacer constar leaapn a que se destinan sus
reproducciones asi como su cantidad.

5. En todas las reproducciones se indicara scedemcia, explicitando el nombre del
proyecto, nombre del Ingeniero Director y de la msp consultora.

6. Si el proyecto pasa la etapa de desarrolldguies modificacion que se realice sobre él,
debera ser notificada al Ingeniero Director delyEcto y a criterio de éste, la empresa consultora
decidira aceptar o no la modificacion propuesta.
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7. Si la modificacidén se acepta, la empresa ctorsube hara responsable al mismo nivel
que el proyecto inicial del que resulta el afiadirla

8. Si la modificacion no es aceptada, por el ewitty la empresa consultora declinara toda
responsabilidad que se derive de la aplicacidffleincia de la misma.

9. Si la empresa cliente decide desarrollar imgiistente uno o varios productos en los
que resulte parcial o totalmente aplicable el estae este proyecto, debera comunicarlo a la
empresa consultora.

10. La empresa consultora no se responsabilizingdefectos laterales que se puedan
producir en el momento en que se utilice la heratai objeto del presente proyecto para la
realizacién de otras aplicaciones.

11. La empresa consultora tendra prioridad respacbtras en la elaboracion de los
proyectos auxiliares que fuese necesario desarpia dicha aplicacion industrial, siempre que
no haga explicita renuncia a este hecho. En este dabera autorizar expresamente los proyectos
presentados por otros.

12. El Ingeniero Director del presente proyectasel responsable de la direccion de la
aplicacioén industrial siempre que la empresa cémsulo estime oportuno. En caso contrario, la
persona designada debera contar con la autonizad®d mismo, quien delegara en él las
responsabilidades que ostente.
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