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Microscopio Brillouin per l’oftalmologia 

• Motivazione

• Eye tracking

• OCT

• Sviluppo futuro 
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Motivazione
• Microscopia ad effetto Brillouin: tecnica di 

mappatura delle proprietà elastiche 
• La variazione spaziale della rigidità della cornea 

provoca deformazione à necessità di 
caratterizzare la rigidità della cornea

Problemi aperti
• Misura lenta (100 ms/punto)
• Movimenti oculari (anche la 

respirazione provoca 
spostamenti ~ 150-200 𝜇m)

Soluzione
Modalità di imaging in real time 

per analizzare e guidare 
l’acquisizione di Brillouin con 

tecniche di eye-tracking

3



Presentazione Primo Anno Dottorato
DOTTORATO IN FISICA – XXXII CICLO

XXXII	CICLO	DI	DOTTORATO

Studio dello stato dell’arte:
Eye Tracking 2D – Eye detection
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• Shape based : modelli geometrici, 
misure di similarità 

• Appearance based : distribuzione dei 

livelli d’intensità, aspetto fotometrico
• Hybrid methods

• Feature based shape methods : 
features caratteristiche poco sensibili 
alle condizioni esterne



Presentazione Primo Anno Dottorato
DOTTORATO IN FISICA – XXXII CICLO

XXXII	CICLO	DI	DOTTORATO

Studio dello stato dell’arte:
Eye Tracking 2D – IR
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Al-Rahayfeh and Faezipour: Eye Tracking and Head Movement Detection

FIGURE 2. (a) Dark and (b) Bright pupil effects [2].

Yoo et al. [21] proposed using cross-ratio-invariance for
a gaze tracking algorithm. The proposed algorithm has been
found to achieve very low accuracy. To enhance it, a virtual
plane tangent to the cornea is added. The enhancement did not
solve all issues as the system remains complex due to using
two cameras to obtain the difference between dark and bright
pupil images for pupil position detection [22].

5) EYE TRACKING USING EYE MODELS
Eye models can be used for eye tracking. Zhu and Ji [23]
proposed two new schemes to allow natural head movement
for eye tracking and minimize the calibration of the eye track-
ing system to only once for each new user. The first scheme
estimates the 3-D eye gaze directly. The cornea of the eye is
modeled as a convex mirror. Based on the characteristics of
a convex mirror, the eye’s 3-D optic axis is estimated. The
visual axis represents the actual 3-D eye gaze direction of
the user. It is determined after knowing the angle deviation
between the visual axis and optic axis in calibration. The
second scheme does not require estimating the 3-D eye gaze,
and the gaze point can be determined implicitly using a gaze
mapping function. The gaze mapping function is updated
automatically upon head movement using a dynamic com-
putational head compensation model. The proposed schemes
require medical and physical background as well as image
processing techniques. The schemes are complex and hence
they are not applicable for real-time eye tracking. It would be
beneficial if the used algorithms, equations and phases were
optimized. In addition, the system uses inflexible hardware
which is not preferred in real applications. The schemes were
not tested on a database containing various test subjects and
conditions.

6) HYBRID EYE TRACKING TECHNIQUES
A mix of different techniques can be used for eye tracking.
Huang et al. [24] suggested an algorithm to detect eye pupil
based on intensity, shape, and size. Special Infrared (IR)
illumination is used and thus, eye pupils appear brighter than
the rest of the face. The intensity of the eye pupil is used
as the primary feature in pupil detection. However, some
other bright objects might exist in the image. To separate the
pupil from bright objects existing in the image, other pupil
properties can be used, such as pupil size and shape. Support
Vector Machine is used to locate the eye location from the
detected candidates. The used hardware, including the IR
LEDs and the IR camera, is not expensive. The algorithm

has been used in a driver fatigue detection application. The
algorithm can be considered a new beginning for real-time
eye tracking systems if it is tested further with different test
subjects and different classification functions in order to reach
the most optimized eye algorithm. The required CPU time
was not mentioned although it is important in driver fatigue
detection applications as they are real-time applications.
Using a corneal reflection and energy controlled iterative

curve fitting method for efficient pupil detection was pro-
posed by Li and Wee [12]. Ellipse fitting is needed to acquire
the boundary of the pupil based on a learning algorithm
developed to perform iterative ellipse fitting controlled by a
gradient energy function. This method uses special hardware
which has been implemented specifically for this algorithm.
It has been used in a Field-of-View estimation application and
can be used in other applications.
Coetzer and Hancke [25] proposed a system for eye track-

ing which uses an IR camera and IR LEDs. It captures the
bright and dark pupil images subsequently such that they are
effectively the same image but each has been taken in different
illumination conditions. Two groups of infrared LEDs are
synchronized with the IR camera. The first is placed close
to the camera’s lens to obtain the bright pupil effect and the
second about 19.5 cm away from the lens, to produce the
dark pupil effect. The images are then subtracted from each
other and a binary image is produced by thresholding the
difference. This technique has been presented by Hutchinson
[26]. The binary image contains white blobs that are mapped
to the original dark pupil image. The sub-images that result
from the mapping are potential eye candidates. The possible
eye candidate sub-images are classified into either eyes or
non-eyes. Artificial neural networks (ANN), support vector
machines (SVM) and adaptive boosting (AdaBoost) have
been considered as classification techniques in this work. The
system is ready for further improvements and enhancements.
It was utilized in a driver fatigue monitoring system. It does
not require calibration for each user because it uses a dataset
for training and feature extraction. The best features to be
used and flexible hardware implementation can be investi-
gated further in order to make the algorithm a part of a bigger
eye tracking system or eye location classification system. The
images used in experiments were eye images after the back-
ground and noise were eliminated. This reduces the expecta-
tions of this algorithm performance in real applications.

III. EYE TRACKING APPLICATIONS
The field of research in eye tracking has been very active due
to the significant number of applications that can benefit from
robust eye tracking methods. Many application areas employ
eye tracking techniques. In the following, some of these areas
are described.

A. EYE CONTROL FOR ACCESSIBILITY AND ASSISTIVE
TECHNOLOGY
People who have lost the control over all their muscles and
are no longer able to perform voluntary movements as a

VOLUME 1, 2013 2100212

• Near IR sorgente luminosa (𝜆 ~ 780-880 nm)
• On axis pupilla luminosa
• Off axis pupilla scura
• Differenza immagini con pupilla luminosa e pupilla scura
• Sincronizzazione con frame rate della camera 
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Setup @College Park:
Eye Tracking 2D – IR
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CCD

970 nm LED

Fake eye
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Studio dello stato dell’arte:
Eye Tracking 3D – Gaze tracking
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• Single camera and single light

• Single camera and multiple lights

• Multiple cameras and multiple lights 
(stereo calibration)

Stimare il centro della cornea, e quindi l'asse ottico, in 3D
Determinare la posizione del glint e del centro della pupilla  

Accuratezza posizione assiale centro della cornea ~ mm
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“OCT”
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1.5 Applicazioni 12

Figura 1.9: Setup di spectral domain OCT

swept source: per acquisire un’A-line si fa variare, nel tempo, la lunghezza d’onda
della sorgente; le swept sources disponibili commercialmente permettono velo-
cità di scansione elevate ed anche il rivelatore, che solitamente è un fotodiodo,
ha una risposta rapida.

spectral domain: si utilizza una sorgente ad ampio spettro e la luce in uscita dal-
l’interferometro viene analizzata con uno spettrometro. Una scelta comune è
utilizzare un reticolo di di�razione che disperde la luce su una CCD lineare
(figura 1.9).

1.5 Applicazioni

1.5.1 Oftalmologia

Nell’articolo che segna la nascita di OCT [5] è riporta l’immagine (figura 1.10) di una
retina umana.
Gli autori sottolineano l’impatto che la nuova tecnologia può avere in ambito oftal-
mologico:

la possibilità di avere immagini ad alta risoluzione della struttura della
retina è clinicamente rilevante per la diagnosi di varie malattie come il
glaucoma, la degenerazione maculare e l’edema maculare.
La diagnosi e il trattamento del glaucoma sono problemi clinici di�cili
attualmente. La misura della pressione intraoculare spesso non predice

• L’Optical Coherence Tomography: tecnica che sfrutta interferometria a bassa coerenza 
per imaging ottico non invasivo che produce immagini in tempo reale. Tecnica adatta per 
l’imaging di campioni biomedicali, in vivo

Fourier domain OCT (FD-OCT) : 
Acquisizione real time

1.3 Time domain OCT 7

Figura 1.4: Setup di time domain OCT

Figura 1.5: Schema di un fiber couler

1.3 Time domain OCT

Un tipico setup OCT nel dominio del tempo è mostrato in figura 1.4.
Lo schema di base è quello dell’interferometro di Michelson in cui lo specchio semiri-
flettente è sostituito da un fiber coupler, che ha quattro terminali costituiti da fibre
ottiche. Facendo riferimento alla figura 1.5, la luce che entra da una porta viene divisa
in due fasci che escono dalle porte opposte. La proporzione secondo cui è divisa la
radiazione è nota come coupling ratio e si può trarre vantaggio da rapporti sbilanciati
(ad esempio 90:10) per ridurre la potenza luminosa incidente sul campione (10%)
raccogliendo la maggior parte della luce riflessa (90%).
Il passaggio da un interferometro in aria ad uno in fibra è conveniente sia perché
permette maggiore flessibilità nella disposizione e allineamento dei componenti sia

Time domain OCT (TD-OCT) : lenta

Risoluzione assiale ~ 1 – 10 μm
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Proposal: 
Eye Tracking 2D IR + “OCT”
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Sviluppi futuri
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@ UniBa / College Park

• Progettazione e implementazione dell’apparato di eye tracking
proposto : prove su modello di occhio (ottimizzazione, test di 
robustezza, ecc…)

• Implementazione ed utilizzo del sistema di eye-tracking nel 
microscopio Brillouin per uso clinico
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Attività di laboratorio: CPI - Camera
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CMOS Camera – Hamamatsu  
ORCA-Flash 2.8 camera 
C11440-10C 
frame rate di 45.4s−1

texp = 21 μs
Pixel size = 3.6 μm

Pepe, Di Lena, Mazzilli, Edrei, Garuccio, Scarcelli, D’Angelo, 
“Diffraction-limited plenoptic imaging with correlated light” 
In fase di revisione (Physical Review Letters). 
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Corsi di formazione
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ü How to prepare a technical speech in English. 
ü Programing with Python for Data Science. 
ü Introduction to parallel Computing and GPU Programming using CUDA. 

ü Interpolation Methods e techniques for Exsperimental Data Analysis. (Lezioni 
terminate ad ottobre 2017) 

o Management and knowledge of European research model and promotion of 
research results. (fine mese)

o LabView introductory Course. (fine mese)

o Statistical and computational model for physics data analysis. (Lezioni terminate 
ad ottobre 2017)
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Scuole e Conferenze
Ø “Brillouin Microscope for Ophthalmology” (poster), “International Training School -

Beyond Conventional Tissue Imaging”, Bari 22 - 24 febbraio 2017. 
Ø Partecipazione al 37 congresso SISFA, Bari 26 - 29 settembre 2017. 
Ø Visita guidata ai laboratori imaging e quantum technologies, Conferenza Italiana Studenti 

di Fisica, Bari 11 - 12 maggio 2017. 

Pubblicazioni
Ø Milena D’Angelo, Aldo Mazzilli, Francesco V. Pepe, Augusto Garuccio, Vincenzo 

Tamma, “Characterization of two distant double-slits by chaotic light second-order
interference” Scientific Reports, 7 (2017). 

Ø Francesco V. Pepe, Francesco Di Lena, Aldo Mazzilli, Eitan Edrei, Augusto Garuccio, 
Giuliano Scarcelli, and Milena D’Angelo, “Diffraction-limited plenoptic imaging with 
correlated light” In fase di revisione (Physical Review Letters). 



Presentazione Primo Anno Dottorato
DOTTORATO IN FISICA – XXXII CICLO

XXXII	CICLO	DI	DOTTORATO

Dottorando:	Aldo	MAZZILLI

Grazie per 
l’attenzione 
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