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ANt e history

esEpitimentis establisned avout SO
yeelSEeloNORRED N Bulgarian industry
ancimiliiiary electronics. Almost all
plilgarian serialimantfactured radars for
[MELEorological; air-cefence and marine
sStiniacessurverllance were developed with
DartiCipation of the memboers from our team.
\\/eparticipated also in R&D of new
Smilitary communication systems.
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AN ICHEThIStoRY, - cont.
Sies 1287 he [eamwas moved in Bulgarian Academy. of

-

SCIENCESHTMEyAestanlished department named
“\yLer smnr* MELBUSHeN Sensor Information processing’.
esmain deawas byemploying complex mathematical
._l,)-,)-_rmcn- onihigh performance.computers to solve basic

1J.rJJer, EISensor: systems like:
= Viultiple target tracking;

SViultiple sensor data fusion;

Change detection, behaviour estimation;

[Data asseciation problems;

Estimation ofinon-linear and non-Gaussian dynamic
Systems, etc.

YV V VO
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ATt ethistory — cont.

Sipaliftnese Z0fandimore years, we have also
[IaGe 2 CONCEREArETTont to transition our defense-
developed technologiesitoithe civilian
dpPIIcAtIons (nealth; robotics; automation), to
make transition from isolated closed form of
research lonnternational collaboration.
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ViEVRNEesearch achievements

ANl AvEIRiiSiaoout 20  peer-reviewed papers, many of them
TN OO SAAALITN 5

S\ ENTaVESEVEral SUCCESSTuliyAgraduated PhD students, and several
PhStudents; which were Mﬁnish their theses ... somewhere
IIErepeand Canada. Tinisyearwemave two PhD students, which
drerepannatneIsPhidrdefence and oneregular PhD student (first
yean

IISyearawe nave 1 Postdoc from Kharkoy, Ukraine and we are
Walting.onermore torarrive till the end of the year;

IWololsus areparticipating actively in educational process at the

URIVersities having regular. courses;
- inisyear 15 students conducted their practice in the department;
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VIEINEsearchrachievements — cont.

SV EHTEVENEquI rgematic Interdisciplinary seminar;
SIMNRENASESN/EArSMENIaVE organized regularly annual symposiums
INNENTaMEWOrkeeiuIgaeraniernational conferences and one IEEE
conterence onintelligentapplications;

AIISeientists are members ofidifferent Bulgarian and international
SEIEnuiTcInotessional organisationike IEEE, ISIE, UAI, UMB, etc.,
S\ieserganized .one NATOIASI and participated in several others
INANGOYASItenIthe hot topics of research;

-\leparticipated in two COST actions;

\V\leThave well=established scientific collaboration with colleagues
momONERA—Erance, from the University of Bradford, Lancaster
University: in'England; University of Sheffield, “Lucian Blaga”-
University of: Sibiu, and etc.
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UFERUVARINAING projects
AVl CANMEINOES Tor Sensor Information processing — budget;

FACOmIMyAGYVaNCEANeomputing for Innovation, FP7 Capacity.
RIogrammesResearchirPotentialiofiConvergence Regions, 2012-2015 ;

) IRIEPIOCESSINg AIgenthims offRemotesSensing Spectral Data and Images,
CONACHENGIDENIE 01/8 with BulgarianiScience Fund, 2012-2015;

 lnaustaliscientific research for image's quality and stabilization
enanceEmentivaseadon inertial sensors", contract BG161P0O003-1.1.06-
00B7-C000) with'Bulgarian Innovation Fund, 2013-2015;

—ENN=EENCHSEUtUre Education and Training in'Computing: how to
supportlearning at any. time anywhere, Erasmus Thematic Network No.
539461-[L[LP-1-2013-1-BG-ERASMUS-ENW (2013-2016).
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PUgeExXperence imcludes:

>SS IDISCENENECONSUCHONE:

NNEVatvVESanPreaCHESSTorafusion  of: uncertain, 1mprecise, highly
CONHICHNG SEnsor: data at variousilevels of abstraction based on Dezert-
Siarandache theory for: plausible andiparadoxical reasoning;

AloNtams: fors adaptive non-linears filtration, segmentation and
INENEreationiofgray-scale images;

> Algorithms for space-time adaptive processing;
- Vlente Cano metnods for system identification;
» Neural netWorks;

> Intelligent controland optimization.
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»

n God we trust. All others
nust supply data!
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PTZ IP Camera
nfrared Camera
HAyperspectral Camera
Superfast Camera

I'»‘\,/e Trac el
- Acoustic Camera
- Radar

Inertial sensors
- Laser Sensor

3D Scanner
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d Ranging
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In those 10 days Hertz did many
successful experiments on
Interference, phase in wire,
velocity of propagation and on
the shadowing effects of metal
sheet.
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Some history

S to detect the presence of distant metallic
, In April 1904. He received Patent for his

- presence of a ship in dense fog from the
Hohenzollern bridge in Cologne, and later patent a
related amendment for ranging.
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Some history

nd during the Second World War,
oy the British, German, French,

2ts, American, Italy and Japan researchers led
odern version of radar.

Jjorking prototype to the British Air Ministry In
January 1935. It served as the basis for the Chain
Home air defence radar, the first bistatic radar
(separated transmit and receive antennas, located on
a few hundred meters).
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Some history
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Some history

Ists learned about the German air

Iy by Interception of the radar

and they developed one of the first jammers -

EL, a low-power (~=2W) noise barrage

employed against FREYA and Its

- derivatives. Introducing MANDREL, Bomber
Command losses fell significantly.
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Some facts from WW2

DIAGRAM SHEWING BOMBER COMMAND LOSS RATE ON GERMAN TARGETS

PERCENTACE LOSSES ON GERMAN TARGETS BY NICHT. JAN.(942 — APRIL 1048 ARE CALCULATED FOR EACH 3000 SORTES,
INTRODUCTION OF EACH RLCM.DEVICE AND OTHER IMPORTANT FACTORS AFFECTINO THE LOSS RATE ARE SHOWN AT
THE APPROPRIATE DATES,

three KHs
operational
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Some history

e Germans widened the band first to
140 MHz then to 120 — 160 MHz, and
ely even wider. Thus the frequency coverage
IDREL had to be increased accordingly. The
eveloped devices for Identification Friend
~), as well as devices to distinguish
alrcraft from static clutter on the basis of Doppler
and on the basis of the modulation of echoes by
alrcraft propellers.
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K-H target detection
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ARTHUR can detect guns at 31 km, mortars at 55 km and rockets at
50 - 60 km and locate targets at a rate of 100 per minute with CEP
0.2% of range for guns and rockets and 0.1% for mortars.
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soNntinuous waves car radars

+ Anilitv + Handlina
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New tendencies

The radar system detects and tracks objects around the car, warning the
driver of a potential collision or initiating electronic stability control
Intervention.
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Little History

0s of Alexandria built between 280 and

compass - invented as a device about 206 BC
Inning top effect — invented ???, theoretically Euler,
5, Teopust IBMKEHUS TBEPABIX TEN)

0scope — invented in 1852 by French scientist and
sicist Leon Foucault

) first gyro-compass (Germany)

V2 —first inertial navigational system (1942 two gyros
and one accelerometel%

1958 entire standalone INS mounted on submarine —
position error 10 miles for 97 hours (1830 miles
distance)
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PRNGIple of operation of IMU sensor
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Accelerometers

The accelerometers detect
the combined magnitude
and direction of linear and

accelerations
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Gyros

The gyroscopes measure
the angular rate of
rotation about one or
more axes. They are not
dependent on gravity.
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lypes of IMU

STRAFPDOWN . PLATFORNI

\ .
Accelerometer is A Accelerometer is on the

strapdown to the o gyrostabilized,
vehicles body ' gimballed platform

October, Pavia 1
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strapdown <—->Gimbailed

In

| 8 , the Inertial sensors
he vehicle's angular  are mounted on gimbals
ence, the whose orientations are
ent of specific nominally stationary relative
force must be transformed to either the intermediate or
- from the body frame into that the reference coordinate
‘reference coordinate frame in  frame.
which the integrations of
acceleration are to take place.

October, Pavia
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Why MEMS?

e inexpensive: most MEMS
duction quantities cost a

sensors are truly miniature - usually less
) in size, and they consume
bower
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 Why not MEMS?

Ji gyros can be brought down
7el of less than 300 degrees per hour after
priate temperature compensation. Such a
rift, even assuming an accurate

zation of attitude, will lead to very large

n errors after almost 10 seconds of INS-
only navigation.

9
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MPU-6050
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MPU-9150 Motion Tracking
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Figure 1. Top side of the MPU-60X0 9-Axis EV Board
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Fcoriolis

Fcoriolis
Figure 3: X-axis gyroscope driven mode
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Figure 7: MPU-3000 3-Axis gyroscope in 2 8mm X 2 4mm
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Sensor Fusion

Gyroscope Accelerometer
Motion

Sensors ,
Compass

MotionFusion™
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Accel
rofull Gyro GyroRate Full _ Accel  Digital &9I¢ erating  package

cale i ;
Range Sensitivity oise é.:“::ee Sensitivity Output Eg'y Supp Size

(°/sec)  (LSB/°/sec) (dps/Hz) (g) (LSB/g) (V) (V +/-5%) (mm)

. +250 131 +2 16364
+500 65.5 +4 8192 3 2.375V-
+1000 328 - +8 4096 I)CorSPI VDD 3 46V 4x4x0.9

MPU-6000 +2000 16.4 2048

. +250 131 +2 16384
+500 65.5 +4 8192 ) 1.8V£5%  2.375V-
+1000 32.8 ' 18 4096 "C orvpD 346y P08

MPU-6050 +2000 16.4 2048

dps — degree per second
LSB — Least significant bit
http://www.vectornav.com/index.php?option=com_content&view=article&id=21&Itemid=11
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TABLE L ACCUMULATED ERROR DUE TO ACCELEROMETER. BIAS
ERROR

Accel. Bias E1ror Horizontal Position E1ror [m]

s T1os Teos [ iwr
(avigsion | 0025 | 000013 | 0012 | o4 | a0 _
Tactical | 05 | 00015 | 045 | 53 | 19000 _
Tt |3 oois | 15 |5 | fouooo_
“Automotive | 125|062 | 60| 2200 | 7900000
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Gyro raw data deqg/sec
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II.

The body motion in an inertial coordinate system can be
described by following equation:

PROBLEM DESCRIPTION

I I

Fo=7 j j (3 +a,(2) Mdrdt (1)

00

The body space orientation can be described accordingly:

V=i, 4 J &.dt )
0

October, Pavia 0
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3 are estimated by optimization
procedure with averaged data from several
~ positions of the sensors
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Initial position
Xot+Ex, Yot&y, ZotE;

Eand ‘ ax+£ax
& —nl ik F0|_'cet_ _ Navigation computer
< ee(z: i(faxr:n:‘g‘rz;o:ﬁ ) Attitude estimation:
p all), x(t), y(t), z(t)

/ & ey Gravi’;yo\éeéclttor g Model imperfectness
errors, computer

ose mperfectne;s arithmetic errors,
Il e Coriolis correction
anthmetic errors

A

Accelerometers

Rotation matnx C(t)*+ec

Error due to nonorthogonality

Computing of
orientation: ¢(t),
8(t), ¥(1)

Small angle errors,
computer arithmetic
errors

T

Initial orientation
@+, B+eg, Ptey Error due to no coincidence

Gyro sensors
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Gyro raw data deg/sec

Figure 3. Gyro raw signals

Accelerometers raw data m/s®

L] L]

Figure 4. Accelerometer raw signals
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Trajectory of the body
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sor Networks
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SCrera zed description of SN

have emerged as a
0l for monitoring spatially

nentally new
ed phenomena.
sor network consists of homogeneous or
aterogeneous sensors spread in a global
urveillance volume, which act jointly for solving
optimally the required tasks.
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Sensors

Sensors provide independent

Information for one and the same
Jobject. It can be combined to give a
more complete image of the phenomena being

i

studied.
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A Vantages of sensor networks

» |Improved detection: integration of multiple
easurements of the same target improves
signal-to-noise ratio, which increases the
assurance of detection.
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e others are unavailable,
rative, or ineffective;

anced spatial and temporal coverage: one
can work when or where another sensor

ca
» Decreased costs: a suite of “average” sensors
can achieve the same level of performance as a
single, highly-reliable sensor and at a significantly
lower cost.
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D Health care.
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damentals of the sensor networks

d technology
» Network Operating systems
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AYGHItecture of sensor network

sensor
node

routing

data
;< > ‘
i sensor

Communication B data

query

sensor . 9
\ jata sensor
user | routing node
_‘_ data '
>

data

<
sensor
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NS0 network components

@*@

AN

< >
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generalized architecture of sensor node

C— nsor data
sensor node
fusion center network nodes data

I =

— sensor network database
L e e« ®

data sensor data

= sensor node database

+ + in

4 data

Information

/ N\
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mportant characteristics

ization - A source must know the
itions of any destination to which

_Global
- Example - Network Time Protocol (NTP)
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Sensor characteristics

FOV;
1imal detection range;

b1l1ty of correct/incorrect detection;
urement rate;
urement noise characteristics;

» Moving platform parameters.
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SENS0. network components

ﬁ Sensor nodes <Q/

Communication <

AN
e

> Enronment

: Processing : |
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detection, nearest-neighbor association
different kind of probabilistic
association rules, hybrid estimation procedures as
interactive multiple modeling, etc.
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DBfinition of Data and
Mormation Fusion

pedia.

fusion Is the combining of sensory data
1at the resulting information Is In some
petter than would be possible when
these sources were used individually.

Better = more accurate, more complete, or
more dependable.

October, Pavia
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pefinition of Data and
[ ation Fusion

1S not

%29
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tion (merging) and generalization.
- )N process IS necessary

\.>Fusion process IS necessary
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=ision and quality of decision
making

Sion goal

Cognitive and
~o communicational
\\overload

—_
5\\
~

| , Information
No rmation The right information  All information
At the right time Anywhere
At the right place At anytime
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Accuracy Enhancement

Radar accuracy I
Joint radar accuracy

Resolution é Radar accuracy
Resolution v

#~ Radar Range
) Resolution

October, Pavia



Institute of Information and Communication Technologies
Bulgarian Academy of Sciences

October, Pavia



Bulgarian Academy of Sciences

Institute of Information and Communication Technologies 1 @z

October, Pavia



Ins-’MOf Information and Communication Technologies 1 ﬁz

Bulgarian Academy of Sciences

Data Fusion Domain

Level 1 { evel 2 { evel 3
Processing || Processing | Processing
Object Situation Threat

Refinement Refinement Refinement
Human

Computer
Interaction

I evel Four

Processing Data Base Management

Process S DBMS
Refinement bl ( )
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Level 1

I

al data fusior
Sensor data fusion
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demporal data fusion

g filter is alpha-beta filter. It is suitable for

g of moving onstant velocity targets without steady-state
The alpha-beta-gamma filter has ability to track even

Ing targets without steady-state error.

an filter is a classical optimal estimating algorithm for

al linear system with Gaussian measurement and system
noise. modification of Kalman filter - Extended Kalman filter is
developed for non-linear systems. The EKF gives particularly poor
performance on highly non-linear functions because only the mean is
propagated through the non-linearity. The unscented Kalman filter
(UKF) uses a deterministic sampling technigue to pick a minimal set
of sample points (called sigma points) around the mean.

October, Pavia 79



Institute of Information and Communication Technologies 1 @z
Bulgarian Academy of Sciences

[@thematical description

2ar dynamic system (Markovian presentation):

X(k +1) = F(K)x(k) + G(k)u(k) +v(k)

7(k) = H (K)x(k) + w(k)

The Kalman filter gives optimal solution for
additive Gaussian noises

October, Pavia 80
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innovations
sequence

previous
A estumate

X(k-1k-1)

~
H (k) X (k1) X (k-1)

anticipated observation anticipated ~ state transition
responses matrix state estimate matrix

State Estimate Update:
~ A - i ~
Xew = Xgapn T00K © (- HgXge)

current =  anticipated + Kalman current response minus
estimate estimate gain anticipated response
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Description

kovian - semi Markovian X(k +1) = F(x(k), x(k ~1),...,x(0))
' - non-linear dynamic system x(k +1) = F(x(k))
e - non additive system noise X(k+1) = F(x(k), v(k))
1an - non Gaussian system noise
Additi
Gaussian - non Gaussian measurement noise

e - non additive measurement noise z(k) = H(x(k), w(k))
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VioYexcomplicated algorithms
most powerful approach for manoeuvring targets
Known to be Interacting Multiple Models estimator.

ralized Pseudo-Bayesian (GPB) estimators different orders,
structure IMM, Variable Structure IMM, Probabilistic Data
tion IMM are variants. The most important feature is that all
Imators use in parallel several models for modelling of the
ted system.

liters, also known as Sequential Monte Carlo methods
(SMC), are sophisticated model estimation techniques based on
simulation. Particle filters generate a set of samples that approximate
the filtering distribution to some degree of accuracy. Sampling
Importance Resampling (SIR) filters with transition prior as
Importance function are commonly known as bootstrap filter and

condensation algorithm.
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IMM (Blair)

1 2
Xg-1)k-1 X k=1|k-1

Interaction (Mixing)

01 02
X k-1 k-1 X =1k -1
! n v

Filter Filter
Mode] 1 Model 2 l

Yy

3

l Model
Probability
Update

State
Estimate
Combination

l

X klk
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SIgIetarget Bayes nonlinear filter
rediction step

Pk (K | Zk) Zj Feari (K | Xk) fe (X | zk)dxk

Jate step

k+1 Kk
1:k+1/k+1(Xk+1 | Z i ) oC f (Zk+1 | Xk+1) 1:k+1/k (Xk+1 | z )

Measurement equation (nonlinear)

k+1 h
2 = (X, Wy ) i\
Transition state equation (nonlinear

Xiz1 = 9(Xi» V) -

. L
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Image Fusion

ms can be categorized Into
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-

OW level Image Fusion

- ms work either in the spatial domain or
e trar sform domain. Although pixel-level fusion is a
peration, transform domain algorithms create the
age globally. By changing a single coefficient in
sformed fused image, all (or a whole neighborhood
Je values in the spatial domain will change. As a

In the process of enhancing properties in some
Image areas, undesirable artifacts may be created in other
Image areas.
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| gions their various properties. Feature-based
ms are usually less sensitive to signal-level noise. Toet first
posed each Input Image Into a set of perceptually relevant
The patterns were then combined to create a composite image
g all relevant patterns. Nikolov et al. developed a technique

algorithm was developed by Piella, where the images are
first segmented and the obtained regions are then used to guide the
multiresolution analysis.
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GROUND TRUTH

REGION
OF INTEREST

IMPROVED
SITUATIONAL
AWARENESS

INFERENC
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fic level Image Fusion

s )N algorithms  combine  Image
jtions, for instance, in the form of relational
High-level  fusion algorithms  require
dence between 1Image descriptions for
Ison and fusion. Finding this correspondence can
lered a part of the fusion algorithm.
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DETa association methods

Neighbor method associates the nearest
asuUre the track prediction. The more
i pllcated Global Nearest Neighbor minimizes cluster
unction in measurement distribution.

& probabilistic data association filter (PDAF) and its
asion to multiple targets — joint PDAF (JPDAF),
he same task of measurement identification in a
pler way. In the JPDAF hypotheses are built for the
measurements and targets only for the current scan. In
this way the number of hypotheses Is additionally
reduced but the chance of combinatorial explosion In
dense target and clutter scenarios still remains.
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ample: IMM JPDAF
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DAL association methods

IS Tracking approach all measurements

a scan are assigned to initialized targets, new targets or
arms. A number of hypotheses are generated. Every one

@ possible assignment scheme between measurements,

all scans, and the targets - confirmed, new ones or false.
and gating techniques are used to retain the most likely

S and in this way to reduce their number

» Finite Set Statistics considers all measurements as measurements
from a generalized sensor and all targets as a generalized target of
Interest. Fusion of information from one and the same sensor but
from different moments of time
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iCentralized Measurement
fElision Architecture

Qensor 1 Meazsurement

Fusion

Sensed
FProcess

. Center
Sensor 2

Measurements
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~

My Centralized Trajectory
Blsion Architecture

sensor 1 Track
Sensed Fuszion

Process ( '
S8 _ —entel
sensor 2
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iIStributed Decision Fusion
Architecture

Tracks o
Sensor 1 Distributed
Qenzed _M Fusion

Process Center

T Menswremeats
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HOYNIogeneous sensor fusion

ethod transforms the output of the sensors in a binary

S 0e vith logical AND. After that thresholds are applied to
t. The procedure IS very simple, intuitive and fast, if the values of

Js are determined in advance. The method does not take into account the
onfidence of each sensor.

A\verage. This method takes a weighted average of available sensor data
: as the fused value. Usually the weights are proportional to accuracy of
sensors or to credibility of sensor information.

»\oting. The voting schemes main advantage is computation efficiency. Voting
Involves the derivation of an output data object from a collection of n input data
objects, as prescribed by the requirements and constraints of a voting algorithm. The
voting algorithms can be quite complex in terms of content and structure of the
Input data objects and how they handle the votes (weights) at input and output.
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Simple Example

e reliable, there Is a consensus and it Is
to find solution In the cross-section of Diand D2 - sets of

ponding sources: PEIDIEaNDN .
WO sources do not agree, we have disjunction xe D, UD,

The hypothesis for reliability of the sources is no longer credible and
three other hypotheses appear: 1) First source is correct, the second is
Incorrect; 2) First source is incorrect, but second is incorrect; 3) Both
sources are incorrect. How to find the correct hypothesis? As a
precaution, all available information is kept and we hold up .
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Sensor Fusion

mpster Shafe alief Theory;

zert Smarandache Theory(DSmT);
Zy Reasoning.

ometric Methods
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EXampIes

letrating Radar

superresolution
3D scene restoration
Ace detection and recognition
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round Penetrating Radar
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Object detection
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Located objects
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Bearing sensor fusion

0 .
-0 w0 40 20 0
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Bearing sensor fusion
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Bearing sensor fusion
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Bealing sensor fusion
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HOW [0 process images

the normal prostate gland has a
, uniform echo (isoechoic) pattern. A PCa
ke on unigue ultrasound findings. Most ultrasound-
d lesions found to be carcinoma are described as
noic regions with irregular borders. However,
10t a rule.

was reported by Lee et al, that 70%-80% of
prostate cancers arise from the peripheral zone of the
prostate, on the contrary of transition zone, which is the
site of the location of benign prostatic hyperplasia.
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nsition  zone  becomes  moderately
arison with the central and peripheral
' tlve values for prostate cancer are

owever, not all hypoechoic regions in the
Zone are prostate cancer. Potential
ypoechoic lesions also include prostatitis, prostatic
Infarction, dilated glands, smooth muscle bundles,
scarring, and prostatic intraepithelial neoplasia.
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SiIs shows, that -effective
or: ng algorithms have to reduce
pecific for ultrasound images noise,
er hypoecholC regions In the
erial Zone, segment any
\lirre arity, asymmetries and extensions

nd detect fields with higher blood flow.
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methods for 1mage quality
can be divided Into four

 Filtering

- Multi-level segmentation

J Texture analysis

1 Doppler image segmentation

Fusion
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litering procedures:

late algorithms for noise reduction are
. Inear filters suppress pixel noise but
000r edge-blurring effect. The nonlinear filters are
y chosen to preserve sharp edges simultaneously
g the surfaces.
ome of the available filters are: adaptive nonlinear
. Gaussian, anisotropic diffusion, combined stick filter,
- Kuwahara(1,2,3) and others. The most promising results
were received for the Images, processed by nonlinear
Gaussian and dual tree complex wavelet filters.
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VitllLi-level segmentation
rentiate the areas with different

Two algorit
Jtsu algorithm;
Lloyd-Max Quantizer) algorithm.

ms were developed:

0 problems were solved :

& Suitable choice of the number of thresholds:
» Threshold’ values determination.
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S ANEEREWSER

gularities and anomalies in the prostate
automatic description of particular

e so-called co-occurrence matrices are used. The

_ allows us to evaluate a number of coefficients,
wh haracterize the texture of the analyzed image. The

~ received values are deterministic, image dependent only
and are not influenced by personal assessment. The image
IS segmented In the space of these parameters, using
clusterization technique.
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9BpPpler image segmentation

gorithm separates the areas
1 the Doppler or Power
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Org image, tAII=17 28975 sec GAUSSN=1 nw=3,LMQ N=4

A

Gaussian N=1, nw=3, LMQ L=4)

Wanslet COLMQ Ne5

5

Processed image d) Processed image
(Gaussian N=5, nw=5, LMQ L=5) (Wavelet C2D, LMQ L=5)
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rresolution
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Superresolution

denote signal by . This signal can be
omposed in an arbitrary orthonormal basis
S VA2 &S follow:

) =2 X0

Mare the coefficients of the
onding orthonormal functions.

where
corresp
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ignals are signals for which almost all coefficients are

nd relatively small quantity of coefficients may

alm ally the signal. Let the restored signal is presented
of the S biggest coefficients in decomposition:

will be called S sparse, if approximate

very good and the approximation error ki Hf - sz|2
IS small enough. For audio- and video- signals it is well-known that
only about 2.5% of the biggest coefficients may be used for signal
recovery and the discrimination between the restored signal and the
original one can not be easily found.
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Single-Sided Amplitude Spectrum of y(t) with sampling frequency 256 Hz
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Single-Sided Amplitude Spectrum of y(t) with sampling frequency 60012Hz
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Single-Sided Amplitude Spectrum of y(t) with sampling frequency 400Hz
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from radars): create second
oulse with different sampling rate
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Istered, the sampling rate is changed.

2. Using camera “zoom”. The change of zoom rescale
the scene In the same sampling rate, hence the
sampling rate of one and same scene element is
changed.
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Figure 7: Restored 400x200 HR resolution test target
image, no camera rotation

Figure 5: An 80x40 simulated LR resolution test target

image —

- -

Figure 8: Restored 400x200 HR resolution test target
image with camera rotation
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FIGURE 4. Verv high resolution photo of a resolution test target (detail

FIGURE 5. Same detail of one of the 357 by 263 pixel low-resolution photos of the resolution test
target
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EE/Times Design [£] Microwave and RF Suppliers

-
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About News Learning center Product Search Events RSS = Newsletter Media Kit

Home » Newsletters » 2010-07-august » 2010-08-19-EETEnewsletter
RELATED NEWS

print- Send - [l - B
» 500-mA negative micropower
Technology News LDO offers high reliability

Compressed sensing ups data acquisition - ,
- » |n-system emulation
resolution, cuts cost technology VarioTAP now
supporis the ARM11 core
August 19, 2010 | R. Colin Johnson | 222903295 » Conformal film deposition

technology addresses
sub-32nm structures

You are logged as :alexiev

TOSHIBA

Leading Innovation >>>

Compressed sensing has been a laboratory curiosity
for several years, but now the technology has been j )
castin an inexpensive hardware prototype that could #» Offloaded mobile data will

enable ultrasound, radar and other data-acquisition grow 100-fold by 2015 says
applications to increase resolution while reducing ABI Research
costs. # TTTech and AIT form

strategic alliance for the US
space market

Compressed sensing can let lower-speed hardware acquire data just as » Hitachi, Seagate, WD forge
accurately as existing systems or can be used to make systems more accurate at hard drive research group
the same sampling speed. Defense contractors are working with Technion to » Compact 6-GHz RMS power
increase the resolution of existing radar systems; medical contractors are detector provides fast,
seeking to downsize their hardware atthe same resolution. accurate RF power
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g aliasing—just what we teach
id Eldar. "We are folding the
Ju Al into the lower-frequency
1, all aliased, odulated by a known
guency signal. The key to the post-

1g step is to recognize that all the
rmation is still there, just aliased into a
frequency domain, [and that] by using all
‘four channels together, the original [signal]
can be reconstructed.”

J
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s called K-sparse and it is compressible.
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THEOREM 1 [10]

Fix f € R™ and suppose that the coefficient sequence x of £ in
the basis W is S-sparse. Select m measurements in the ®
domain uniformly at random. Then if

mzC-uz(Cb,lIl)~S-logn (6)

for some positive constant C, the solution to (5) is exact with
overwhelming probability. (It is shown that the probability of
success exceeds 1 — 8 if m> C- u2(®, W) - S-log(n/s). In
addition, the result is only guaranteed for nearly all sign
sequences x with a fixed support, see [10] for details.)

1) The role of the coherence is completely transparent;
the smaller the coherence, the fewer samples are needed,
hence our emphasis on low coherence systems in the
previous section.

IEEE SIGNAL PROCESSING MAGAZINE [21] MARCH 2008
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comparably small). We do not know which frequencies are
active nor do we know the amplitudes on this active set.
Because the active set is not necessarily a subset of consecutive
integers, the Nyquist/Shannon theory is mostly unhelpful
(since one cannot restrict the bandwidth a priori, one may be
led to believe that all » time samples are needed). In this special

instance, Theorem 1 claims that one can reconstruct a signal
with arbitrary and unknown frequency support of size S from
on the order of Slogn time samples, see [1]. What is more,
these samples do not have to be carefully chosen; almost any
sample set of this size will work. An illustrative example is pro-
vided in Figure 2. For other types of theoretical results in this
direction using completely different ideas see [11]—[13].
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cene reconstruction is
nportant for:

ject localization;
2ct tracking;
vering space-time relations between
)ants in the scene;
ect behavior estimation;

> Future events prediction.
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PDEPTh recovery from texture
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WEPTLH recovering by focusing

imeras use different auto-focusing
] d algorithms. The auto-focus

tem, established in most PTZ IP cameras
sed on one of the approaches of the

ve focus.

y they use the fact that the accurately
focused Image has the highest contrast among
all Images in the same scene.
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Jepth from defocus

yorithm steps:

est in the processed frames;

» The estimates for blur diameter for a particular line
from all processed frames are input parameters for an
optimization procedure for line fitting (Levenberg—
Marquardt).

October, Pavia 148



e of Information and Communication Technologies 1 ﬁz
Bulgarian Academy of Sciences

2 1S built and blur width Is estimated. The
jration of results for many points is applied to
e the influence of Gaussian additive noise.
Also, It Is considered the gradient of intensity, not
the intensity itself to diminish the role of intensity.
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Object out of focus

Real image plane
Focussed image plane

!4— Plane of best focus

!4— Plane of best focus
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Brightness

Fizel Position
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Vigthematical model of defocus blur

The main equation describing dependencies in
this model iIs based on the Gaussian lens law:

B
O, = D2 abS(Drim o Dfim)
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Miathiematical model of defocus blur

2000 4000 6000 8000 10000
DOb (mm)
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xperimental results

Test templates — scene 1
Zoom 9x Real Scene 2 Real Scene 3
Z0oom 6X Z00m 6x
Inside Edges | Outside Edges
Real Estimated Estimated Real Estimated Real Estimated
distance distance [m] distance [m] distance distance | distance distance

[m] [m] [m] [m] [m]
3.0 3.16 2.67 1.37 1.30 3.78 1.64
3.5 3.20 3.27 1.77 1.68 3.22 1.20
4.0 3.65 3.72 2.43 1.49 2.81 2.50
4.5 3.91 4.02 2.04 1.99 2.47 1.75
5.0 4.54 4.68 2.04 1.62 1.69 1.65
5.5 4.83 5.04 1.91 1.92 1.65 1.49
6.0 5.27 4.91 2.06 1.86
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Y IICT \

sexdetection and recognition

ral

e detection algorithm [1];
ncipal oonent Analysis (PCA) or
“igenvalue methoc face recognition.

fichael Jones, “Robust Real-time Object Detection”, Second International
tistical and Computational Theories of Vision - Modeling, Learning,
: Sampling.
2] M. Tu A. Pentland, “Eigenfaces for Recognition”, Journal of Cognitive
\leuroscience, \ , No 1, 1991.
] Javier Ruiz-del-Solar, P. Navarrete, “Eigenspace-based Face Recognition: A
comparative study of different approaches”, IEEE Transactions on Systems, Man &
Cybernetics, Part C., Vol. 16, No. 7, 817-830, 2002.
[4] B. A. Draper, K. Baek, M. S. Bartlett, J. R. Beveridge, “Recognizing faces with PCA
and ICA”, Computer Vision and Image Understanding, vol. 91 , Issue 1-2, July, 2003.
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jagjones Detection Algorithm

- ola-]one.s algorithm decompose the image in Haar-like wavelet space
and determine the closeness to the searched object. The typical Voila-Jones
“features are displayed on fig. 1. A cascade algorithm is used to speed up
he algorithm (fig. 2). A variant of AdaBoost learning algorithm is
plemented to select the best features and to train classifier to use them.

- 1g.1 Voila-Jones features Fig.2 Voila-Jones cascade algorithm

.::j:ﬁ All Sub-Windows -__H:jj::' /" Further ™\
S P \_Processing /

o)

-
Ny
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Detection Algorithm
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Detection Algorithm

ions of one b) Finally detected face
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