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Η Συστηµατική Περιγραφή:

• των Σηµάτων και

• των Συστηµάτων
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Ακουστικά Σήματα 
ü Αναγνώριση, Ανάλυση, Σύνθεση, Συμπίεση Σημάτων Ομιλίας 

και Μουσικής.
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Εφαρμογές της Ψηφιακής Επεξεργασίας Σημάτων



Αναγνώριση:

üομιλίας 

üομιλητή 

üγλώσσας 

üκατάστασης ομιλητή

Μετατροπή:

ομιλίας σε κείμενο-κειμένου σε ομιλία 

εικόνας σε κείμενο-κειμένου σε εικόνα 

Ανάλυση-Επεξεργασία για Κωδικοποίηση-Συμπίεση για οικονομική
και ασφαλή μετάδοση ή αποθήκευση του σήματος
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Εικόνα – Ακολουθία εικόνων (video)
üΑνάλυση, Κατάτμηση, Σύνθεση,  Συμπίεση (JPEG, MPEG).
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Λόγος Συμπίεσης 1:6

Κλασσική Επεξεργασία Σημάτων: Απωλεστική Συμπίεση (Lossy 
Compression) με χρήση Μετασχηματισμών.

Αρχική Εικόνα Συμπιεσμένη  Εικόνα
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Κλασσική Επεξεργασία Σημάτων: Ξεθάμπωμα (Debluring)
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Ψηφιακή Επεξεργασία Σημάτων



Επεξεργασία Σημάτων: Κατάτμηση (Segmentation)
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Ψηφιακή Επεξεργασία Σημάτων



• Γεωλογικά Δεδομένα 
üΣεισμική δραστηριότητα
üΜοντελοποίηση ρηγμάτων

• Βιολογικά Σήματα (ECG, EEG, VEP, CT, MRI, …) 
• Οικονομικά Δεδομένα (προβλέψεις δεικτών)
• Επικοινωνίες 

üΤηλεπικοινωνίες
üΑσύρματες επικοινωνίες
üΡαντάρ
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Εφαρμογές της Ψηφιακής Επεξεργασίας Σημάτων

MRI Technology
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Εφαρμογές της Ψηφιακής Επεξεργασίας Σημάτων

Congealing 3D Medical Volumes

(a) Before alignment (b) After alignment

Fig. 2. Synthetic data set of 40 MRI volumes. Central slices of the input images (a)
before and (b) after the population alignment.

(a) Before alignment (b) After alignment

Fig. 3. The adult brain data set of 22 MRI volumes used to make our atlas. Central
slices of the input images (a) before and (b) after the population alignment.

(a) Before alignment (b) Control model (c) Our atlas

Fig. 4. 3D views of the mean volume created from the adult brain data population of
22 images: (a) before population alignment (b) the control model and (c) the model
estimate of our algorithm.

MRI Technology
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Laparoscopic Technology

Εφαρμογές της Ψηφιακής Επεξεργασίας Σημάτων
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Εφαρμογές της Ψηφιακής Επεξεργασίας Σημάτων
Laparoscopic Technology

Figure 1: An image pair extracted from a laparoscopic cholecystectomy surgery video. (a): Template, (b): The magnitude
of its gradient, (c): Warped image, (d): The magnitude of its gradient (please see text)

B. Pixel-ECC
Pixel-ECC [2] constitutes a local variant of the original

one [1]. The most critical step in the design of the Pixel-ECC
algorithm, is the definition of the following pixel subset of
the region of interest R [2]:

P = {xk 2 R, k = 1, · · · ,K} (1)

whose for each member there is a �k > 0 such that pixels xk

and W(xk; p), associated with the template and the warped
intensities f(xk) and g(W(xk; p)) respectively, constitute
a pair of corresponding pixels, where W(x; p) denotes a
geometric transformation parametrized by vector p. Then,
using Lemma 1 of [2] in each pair of corresponding pixels
contained in the above defined set, we can easily obtain the
following overdetermined linear system of equations:

(I2 ⌦ x̃t

k
)�p = H�1

k
(�ktk � qk), k = 1, 2, · · · ,K, (2)

where Hk is the 2 ⇥ 2 Hessian matrix of warped intensity
function on the k-th pixel having homogeneous coordinates
x̃k, I2 the 2 ⇥ 2 eye matrix and ⌦ denotes the kronecker
product operator.

However, it is clear from (2) that when we are not close
to the optimal solution the above mentioned equality does
not hold for any pair of corresponding pixels and as an
alternative the definition of the following pixel subset P
was proposed in [2]:

P = \3
i=1Ri, (3)

where:

R1 = {x̂k 2 R : sign(H�1
k

tk) = sign(H�1
k

qk)}
R2 = {x̂k 2 R : sign(H�1

fk
tk) = sign(H�1
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qk)}

R3 = {x̂k 2 R : sign(H�1
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tk) = sign(H�1
fk

tk)}

and Hfk denotes the 2 ⇥ 2 Hessian matrix of the template
intensity function on the k�th pixel with coordinates xk. As
it is clear, through the use of sets R2 and R3 the desired
insensitivity of the algorithm for using the occluded image
in the alignment process as the template or as the warped
one, was imposed.

The basic advantages of Pixel-ECC to its predecessor are
the following:

• Its ability in fighting against piecewise constant photo-
metric distortions. This advantage comes from the use
of the image’s gradient instead of the original image,
for solving the alignment problem.

• The inherent independency in the use of each pixel
separately in the solution of the problem at hand,
permits in each iteration of the algorithm, the definition
of an appropriate pixel’s subset P of the image support
that is used for updating the geometric parameters.
For each member of this set, the desired positivity
of the photometric parameter, that is used for the
compensation of the related distortion is ensured.

Its superiority over other state of the art image alignment
techniques has been presented in a position paper in [2] by
its application on occluded image alignment problems. The
performance of P-ECC, in terms of its accuracy, convergence
as well as speed in convergency, as it is expected, heavily
depends on the content of the above mentioned set P .

C. Untextured Regions
The performance of most of the image alignment algo-

rithms degrades in the presence of untextured regions [4].
For avoiding this form of degradation, their detection is
necessary. In order to achieve our goal, we are going in the
next paragraph first to review a well known feature detector
that is strongly related to the problem at hand, and then to
use it to define an appropriate detector for this purpose.

D. Local Feature Detectors
A local feature is an image pattern which differs from

its immediate neighborhood. It is usually associated with a
change of one or several image properties simultaneously.
The image properties commonly considered are intensity,
color, and texture [3].

• Hessian-based Detectors: One of the early intensity
based detectors is the rotation invariant Hessian-based
detector proposed by Beaudet [3]. It explores the
second-order Taylor expansion of the intensity surface,
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of the image’s gradient instead of the original image,
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separately in the solution of the problem at hand,
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of an appropriate pixel’s subset P of the image support
that is used for updating the geometric parameters.
For each member of this set, the desired positivity
of the photometric parameter, that is used for the
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Its superiority over other state of the art image alignment
techniques has been presented in a position paper in [2] by
its application on occluded image alignment problems. The
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as well as speed in convergency, as it is expected, heavily
depends on the content of the above mentioned set P .

C. Untextured Regions
The performance of most of the image alignment algo-

rithms degrades in the presence of untextured regions [4].
For avoiding this form of degradation, their detection is
necessary. In order to achieve our goal, we are going in the
next paragraph first to review a well known feature detector
that is strongly related to the problem at hand, and then to
use it to define an appropriate detector for this purpose.

D. Local Feature Detectors
A local feature is an image pattern which differs from

its immediate neighborhood. It is usually associated with a
change of one or several image properties simultaneously.
The image properties commonly considered are intensity,
color, and texture [3].

• Hessian-based Detectors: One of the early intensity
based detectors is the rotation invariant Hessian-based
detector proposed by Beaudet [3]. It explores the
second-order Taylor expansion of the intensity surface,

Laparoscopic Image Alignment
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Εφαρμογές της Ψηφιακής Επεξεργασίας Σημάτων

Brain Computer Interface Technology

[62]. The system measures the stress level of a surgeon and alert
according to the response type.

The field of intelligent transportation has also been benefit-
ted from the cognitive state monitoring BCI function. Driver’s
behavior has been studied in numerous studies. It has been
found that distraction and fatigue are two main sources for
driver’s inattention, which is considered as a strong cause
for most traffic accidents [63]. Various types of measures
have contributed in determining the driver’s cognitive state
[64–66]. Uses of EEG signals for fatigue detection have been
widely studied in [67], while [68] has discussed the utilization
of workload index to assess the driver’s mental state. Several
models for distinguishing distracted drivers have been exam-
ined in [69]. Kim et al. [70] have presented multimodal context
recognition for smart driving system to predict concentration
and stress by analyzing both ECG and EEG signals and con-
trolling car speed by concentration value of brain signals.

Alcoholic drivers, as a contributor to road accidents, could
also be characterized through the use of EEG signals as men-
tioned in [71]. [72] has developed an audio-visual virtual envi-
ronment in order to evaluate and analyze the driving responses
along with the associated brain signals. [73] has suggested
some driving specific tasks to the simulated driving model
and explore the neural dynamics generated, while in [74],
kawamura et al. have described the use of multiple stimulation
methods when dealing with drowsy drivers to increase their
attention level. [24] has investigated the feasibility of using dri-
ver’s EEG signals to detect emergency conditions such as the
sudden appearance of a pedestrian.

3.3. Neuromarketing and advertisement

Marketing field has also been an interest for BCI researches.
The research in [75] has explained the benefits of using EEG
evaluation for TV advertisements related to both commercial
and political fields. BCI based assessment measures the gener-
ated attention accompanying watching activity [76]. On the
other hand, the researchers of [77] have considered the impact
of another cognitive function in neuromarketing field. They
have been interested in estimating the memorization of TV
advertisements thus providing another method for advertising
evaluation.

3.4. Educational and self-regulation

Neurofeedback is a promising approach for enhancing brain
performance via targeting human brain activity modulation.
It invades the educational systems, which utilizes brain elec-
trical signals to determine the degree of clearness of studied
information. Personalized interaction to each learner is
established according to the resultant response experienced
[17].

Learning to self-regulate through noninvasive BCI has also
been studied. It provides a mean for improving cognitive thera-
peutic approaches. The research in [78] has analyzed the feasibil-
ity fMRI for the emotional regulation, while [79] has suggested
the use of hybrid rtfMRI–EEG BCI to fight the depression feel-
ing as well as other neuropsychiatric disorders through training
sessions. Furthermore, EEG based emotional intelligence has
been applied in sport competitions to control the accompanying
stress as examined in [80]. In [43], BCI technology has been elab-
orated in self-regulation and skill learning via functional
Magnetic Resonance Imaging (fMRI) neurofeedback.

3.5. Games and entertainment

Entertainment and gaming applications have opened the mar-
ket for nonmedical brain computer interfaces. Various games
are presented like in [81] where helicopters are made to fly to
any point in either a 2D or 3D virtual world.

Combining the features of existing games with brain con-
trolling capabilities has been subject to many researches such
as [82] which tend to provide a multi-brain entertainment expe-
rience. The video game is called BrainArena. The players can
join a collaborative or competitive football game by means
of two BCIs. They can score goals by imagining left or right
hand movements.

On the other hand, some EEG serious games have been
employed for emotional control and/or neuroprosthetic reha-
bilitation. They are containing either a new game idea or a
modified one. In [5], Tan and Nijholt have described
Brainball game which intends to drop the stress level. The
users can only move the ball by relaxing; thus, the calmer
player is more likely to be the winner and thus they would
learn to control their stress while being amused.

Figure 3 BCI system.

Brain computer interfacing 217
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Εφαρμογές της Ψηφιακής Επεξεργασίας Σημάτων
Brain Computer Interface Technology
BrainGate, a consortium of researchers from universities including Stanford, Brown, and 
Case Western Reserve, has given a dozen patients the ability to control a cursor just by 
thinking about it.
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Εφαρμογές της Ψηφιακής Επεξεργασίας Σημάτων
Mind 2 Mind Communication Technology in Humans
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The Data driven approach
Kefàlaio 4 15

(a) Doµ† tou autoencoder

(b) 'Ena zogklerikÏ paiqn–di diabolo

EikÏna 4.1: O autoencoder onoµàzetai kai d–ktuo Diabolo lÏgw thc eµfànishc thc
doµ†c tou. (Rumelhart et al., 1986a; Bourlard & Kamp, 1988; Hinton & Zemel,
1994; Schwenk & Milgram, 1995; Japkowicz, Hanson, & Gluck, 2000, Yoshua Bengio

2009. [1])

Qr†stoc Korµar†c

Λανθάνων 
Χώρος RL

Χώρος
Εισόδου RΝ

Χώρος
Εξόδου RΝ

State of the art Τεχνολογικά Εργαλεία στα οποία 
Σήματα και Συστήματα είναι Παρόντα
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Αναγεννητικά Συνελικτικά Νευρωνικά Δίκτυα

State of the art Τεχνολογικά Εργαλεία στα οποία 
Σήματα και Συστήματα είναι Παρόντα
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Συνελικτικά Νευρωνικά Δίκτυα

State of the art Τεχνολογικά Εργαλεία στα οποία 
Σήματα και Συστήματα είναι Παρόντα
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Αναγεννητικά Συνελικτικά Νευρωνικά Δίκτυα

State of the art Τεχνολογικά Εργαλεία στα οποία 
Σήματα και Συστήματα είναι Παρόντα

4 P. Siavelis et al.

Fig. 1: GAN learning framework

the training phase of a GAN, the generator G(Z, θ!) is able to take a realization
drawn from the known pdf q(Z) and generate an image mimicking samples from
f(·).

Assuming that G(Z, θ!) is efficient in its representation, an image that is not
a sample of f(·) (e.g., corrupted data) should not lie on the learned encoding
manifold Z. Therefore, the solution is to recover the ”closest” encoding Ẑ to the
corrupted image while being constrained to the manifold. After Ẑ is obtained,
we can easily generate the missing content by using the trained generative model
G(Ẑ, θ!).

The process of finding Ẑ can be formulated as an optimization problem. To
this end, let Y be the corrupted image and M be the binary mask, with size
equal to the image, that indicates the missing or corrupted parts of the image.
An example of Y and M is shown in Fig. 2. Then, using this notation we define

Fig. 2: Corrupted image (a) and the corresponding binary Mask (b)

the “closest” encoding Ẑ by solving the following optimization problem:

Ẑ = argmin
Z

{Lc(Z|Y,M) + Lp(Z)} (2)



Σύστημα 
Δειγματοληψίας

Ψηφιακός 
Επεξεργαστής

Σύστημα 
Ανακατασκευής

x(t) x1[n]

x2[n]

y(t)
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Δειγματοληψία:

x(t) : Σήμα Συνεχούς Χρόνου

x[n]: Σήμα Διακριτού Χρόνου

Τs : Περίοδος Δειγματοληψίας

: Συχνότητα Δειγματοληψίας
s

s T
f 1
=

)(|)(][ snTt nTxtxnx
s
== =
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Ψηφιακή Επεξεργασία Σημάτων
Harry Nyquist - Claude Shannon



Σήμα Συνεχούς Χρόνου x(t)=cos(2π100t)

Σήμα Διακριτού Χρόνου: x[n]=cos(2π100nTs)

Ts=0.5 msec

Ts=2 msec

Σήμα Διακριτού Χρόνου: x[n]=cos(2π100nTs)
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f1=2.4 Hz f2=0.4 Hz

Ts=1 sec
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Ψηφιακή Επεξεργασία Σημάτων-Δειγματοληψία



Φίλτρο 
Αντιαναδίπλωσης

Μονάδα
Δ&Σ

Μονάδα
ΜΑΨ

Σύστημα Δειγματοληψίας:

x(t) x1[n]

Δειγματοληψία: Ερωτήματα που θα πρέπει να απαντηθούν:

•Πως συνδέονται ο CTFT με τον DTFT;

•Κάτω από ποιες προϋποθέσεις ένα σήμα συνεχούς χρόνου μπορεί να 
ανακατασκευασθεί από τα δείγματά του (Θεώρημα Δειγματοληψίας);

•Τι τρόπο ανακατασκευής προτείνει το Θεώρημα Δειγματοληψίας;

ΣΔ

ΨΕ

ΣΑ
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Φίλτρο 
Ανακατασκευής

Μονάδα
ΜΨΑ

Σύστημα Ανακατασκευής:

x2[n] y(t)

Ανακατασκευή: Ερωτήματα που θα πρέπει να απαντηθούν:

•Μπορεί να γίνει τέλεια ανακατασκευή του σήματος από τα δείγματα 
του; Αν ναι ποιο είναι αυτό το σύστημα;

• Ο τρόπος ανακατασκευής που προτείνει το Θεώρημα δειγματοληψίας 
είναι κατάλληλος για τις εφαρμογές πραγματικού χρόνου για τις οποίες 
ενδιαφερόμαστε;

• Αν όχι, τι εναλλακτικές λύσεις υπάρχουν και εφαρμόζονται στην πρά-
ξη;

ΣΔ

ΨΕ

ΣΑ
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Ψηφιακή Επεξεργασία Σημάτων-Ανακατασκευή



Δειγματοληψία

CTFT     ICTFT                         DTFT        IDTFT
Πεδίο Συχνότητας Πεδίο Συχνότητας 

Πεδίο Χρόνου      

Δειγματοληψία;

                         DFT        IDFT

                         FFT        IFFTΑλγόριθμοι Γρήγορου υπολογισμού:

Συνεχής Χρόνος

Διακριτός Χρόνος

Ανακατασκευή
Επεξεργασία
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Επεξεργασία Σημάτων σε Πραγματικό Χρόνο 



Αλγόριθμοι Γρήγορου υπολογισμού

           Πολυπλοκότητα    FFT (IFFT): Nlog2(N)

           Πολυπλοκότητα QFT (IQFT):  log2(N)2
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Επεξεργασία Σημάτων σε Πραγματικό Χρόνο 
Quantum Computer        Peter Shor 1959   

                                                      

                                                                 Quantum Fourier Transform   
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Fig. 6. Detection of undesired blobs in the frequency domain
of a noisy image and their removal for image restoration

with its centers in the detected blob centers results in a noise
free image without any noticeable loss in details.

4. CONCLUSIONS

In this paper a blobs detection method based on a simplified
version of the fast radial symmetry transform was presented.
Its performance was evaluated from its application on several
images and was compared against the conventional FRST,
Hough and SIFT based blobs detection techniques. In all ex-
periments the proposed method outperformed its rivals in both
accuracy and detection rate. Moreover, its reduced computa-
tional complexity permits its use in real-time applications. In
addition, the proposed technique was also successfully used
for the automatic and perfect elimination of the well known
Moiré Effect that degrades the quality of x-ray images.
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Επεξεργασία Σηµάτων: Φιλτράρισµα

Σήµα = Πληροφορία + Θόρυβος

Fig. 6. Detection of undesired blobs in the frequency domain
of a noisy image and their removal for image restoration

with its centers in the detected blob centers results in a noise
free image without any noticeable loss in details.

4. CONCLUSIONS

In this paper a blobs detection method based on a simplified
version of the fast radial symmetry transform was presented.
Its performance was evaluated from its application on several
images and was compared against the conventional FRST,
Hough and SIFT based blobs detection techniques. In all ex-
periments the proposed method outperformed its rivals in both
accuracy and detection rate. Moreover, its reduced computa-
tional complexity permits its use in real-time applications. In
addition, the proposed technique was also successfully used
for the automatic and perfect elimination of the well known
Moiré Effect that degrades the quality of x-ray images.
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Βασικό Μοντέλο

+u[n]

w[n]

x[n]=u[n]+w[n]

Σήμα Πληροφορίας

“Θόρυβος”

Διαθέσιμο Σήμα

Σκοπός της Επεξεργασίας: Η ΑΠΟΜΑΚΡΥΝΣΗ ΤΟΥ “ΘΟΡΥΒΟΥ”
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Κλασσική Επεξεργασία Σημάτων:

Βασική Υπόθεση: Το Σήμα Πληροφορίας και ο Θόρυβος δεν περιέ-
χουν κοινές συχνότητες. 

Με άλλα λόγια πληροφορία και θόρυβος είναι διαχωρίσιμα στο πεδίο 
της συχνότητας  

Ω

Χ(jΩ)

0 Ω0 Ω1-Ω0-Ω1 Ω2-Ω2
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Κλασική Επεξεργασία Σημάτων: 

•Περιγραφή στο Πεδίο της Συχνότητας 

•Ανάλυση Διαθέσιμου Σήματος σε Μη Επικαλυπτόμενες Συχνοτικές 
Ζώνες.

Χ(jΩ)

0 Ω0 Ω1-Ω0-Ω1 Ω2-Ω2 Ω
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Χ(jΩ)

0 Ω0 Ω1-Ω0-Ω1

Κλασική Επεξεργασία Σημάτων: 

•Η Βασική Υπόθεση επιτρέπει την Απομάκρυνση του «Θορύβου» με 
τη χρήση «απλών» συστημάτων. 

Ω2-Ω2 Ω
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Η(jΩ)

1

Ω0 Ω1-Ω0-Ω1 0 Ω2-Ω2

Κλασική Επεξεργασία Σημάτων: Φίλτρα

Ω
Γραμμικά Φίλτρα: Ερωτήματα που θα πρέπει να απαντηθούν:

•Τι φίλτρο θα πρέπει να χρησιμοποιήσουμε ΙΙR ή FΙR;

•Μπορούμε να βρούμε ένα γραμμικό σύστημα υλοποιήσιμο του οποίου η 
απόκριση συχνότητας θα έχει την επιθυμητή ιδανική μορφή;

• Αν όχι, τι μπορούμε να κάνουμε;
42
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Η(jΩ)

1

Ω0-Ω0 0

Κλασική Επεξεργασία Σημάτων: Το Πρόβλημα της Σχεδίασης Φίλτρων 
σαν ένα Πρόβλημα Προσέγγισης Συναρτήσεων

Ω
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][nx ][nyM

Σύστημα Παρεμβολής

)(zHp

][nx ][ˆ nyM)(zHa

Σύστημα Αποδεκατισμού
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Τράπεζες Φίλτρων
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Τι συμβαίνει αν η Βασική Υπόθεση της Κλασικής Επεξεργασίας 
Σημάτων δεν ισχύει;

Αν δηλαδή, το Σήμα Πληροφορίας και ο Θόρυβος περιέχουν κοινές
συχνότητες και επομένως δεν είναι διαχωρίσιμα στο πεδίο της συχνό-
τητας, τι μπορούμε να κάνουμε;

Σ΄αυτή την περίπτωση η περιγραφή του διαθέσιμου σήματος με την 
βοήθεια των συχνοτικών ζωνών είναι ανεπαρκής.

Χρειαζόμαστε μια διαφορετική περιγραφή των σημάτων και μια 
διαφορετικού είδους επεξεργασία….. 47
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Χ(jΩ)

0 Ω0 Ω1-Ω0-Ω1
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Carl Friedrich Gauss
1777 -1855

Στατιστική Επεξεργασία Σημάτων

Thomas Bayes
1701-1761

Rudolf E. Kalman
1930-2016

Robert Wiener
1894-1964



Στατιστική Επεξεργασία Στοχαστικών Σημάτων: 

•Χώρος Πιθανότητας

•Τυχαίες Μεταβλητές

•Πείραμα 

•Στοχαστικά ή Τυχαία Σήματα

•Στατιστικές Πρώτης και Δεύτερης Τάξης

•Στασιμότητα και Εργοδικότητα

•Γενίκευση του συχνοτικού περιεχομένου ενός σήματος και 
ορισμός της πυκνότητας φάσματος.

•Επίδραση Γραμμικού Συστήματος σε Στατιστικές Στοχαστικού 
Σήματος Βέλτιστο Γραμμικό Φιλτράρισμα.
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Brain computation is a lot more analog than we thought 
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Επεξεργασία Σημάτων

When Neil Armstrong and Buzz Aldrin 
landed on the moon in 1969 as part of 
the Apollo 11 mission, people don’t 
realize that an important ingredient in 
the success of the Apollo missions and 
their predecessors were analog and 
hybrid (analog-digital) computers, 
which NASA used for simulations and 
in some cases even flight control. 

2017 Yannis Tsividis and his 
colleagues used modern fabrication 
technology to pack a powerful analog 
computer into a tiny package. 

Brain computation is a lot more analog than we thought 


