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Design of Low Noise Block

Warda M. Emhalhal’

Abstract

Direct broadcast satellite (DBS) is a relatively recent development in the world
of television distribution. It is also known as Direct-To-Home (DTH).[6]

A broadcast signal in the 12 GHz range is transmitted from an orbiting satellite
towards the Earth’s surface. There are two orthogonal parts of the composite signal —
a vertically polarized component, and a horizontally polarized component. The two
polarizations enable more efficient use of the available bandwidth and power. (The
isolation between “vertical” and “horizontal” radio signals permits a greater number
of channels to be simultaneously broadcast within the available bandwidth than
would otherwise be expected.) The satellite’s transmitted signal is received by an
earth-based antenna as that shown in figure (1) .The signal is focused by the
parabolic “dish” antenna onto a waveguide integrated into the LNB. The received
signal travels a short distance down the waveguide until reaching a waveguide-to-
microstripline transition that carries the signal onto the LNB circuit board assembly.
The LNB must be able to receive channels on both the vertically and horizontally
polarized signals.

LNBs produced for the Direct Broadcast Satellite consumer electronics market
are extraordinarily cost-sensitive, and cost issues are usually the primary
consideration in the LNB design process.

Keywords: Band pass filter, low noise amplifier, mixer, local oscillator, IF
amplifier, Low noise Block converter.

Introduction -

In Europe the frequencies used by DBS services are 10.7 - 12.75 GHz on two
polarizations H (horizontal) and V (vertical). This range is divided into a "low band"
with 10.7 - 11.7 GHz, and a "high band" with 11.7 - 12.75 GHz. This results in two
frequency bands, each with a bandwidth of about 1 GHz, each with two possible
polarizations. In the LNB they become down converted to 950 - 2150 MHz, which is
the frequency range allocated for the satellite service on the coaxial cable between
LNBF and receiver. Lower frequencies are allocated to cable and terrestrial TV, FM
radio, etc. Only one of these frequency bands fits on the coaxial cable.

! Electronic and Communication Engineering , Department of Engineering, Faculty of Engineering,
University, Sirte, Libya .

——
 —
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GOES satellite

Raw environmental data ’
sent to ground station .

Processed environmental
data sent back to GOES

Processed environmental
data broadcast to users

Communications link

Figure 1 GOES Satellite
Polarization:

The transmission signals to and from satellites in any frequency band have a
polarization. Polarization defines the orientation of the electric and magnetic field
component of the electromagnetic field [2]. This relates to the geometric plane in
which the electromagnetic waves are transmitted or received. There are 2 types of
polarization:

Linear polarization.
Circular polarization.

The advantage of circular polarization compared to linear polarization is that it
does not need an accurate positioning of the wave collecting device, and the
separation between circular left and circular right polarizations is determined only by
the accuracy of the collecting device.

A slight disadvantage is that, in the Ku band, circular polarization suffer from a
more noticeable depolarization in adverse weather condition, which in case reduces
the separation between the two polarization (cross-polarization) and thus can
degrade the receiving signal more than in the case of linear polarization. This is one
of the reasons why circular polarization is tending to disappear in the Ku band for
the new (mainly digital) satellite transmissions in Europe [1]

——
 —



v\ vl e \ Wl a2 Il aedibls_ollsle

Figure 2: Linear Polarization
www. Classification of Polarization.mht [3]

direction of

5 propagation

direction of
propagation

Naote the 90°
phase difference
| Ifthis wave were approaching
y vector would appear o be
rotating countarclockwise.

&an observer, its electric
This is called right -

circular polarization.

Figure 3: circular Polarization
www. Classification of Polarization.mht [3]

Why the transmitters are arranged with the alternating polarity?

The reason for having different polarization is allows the maximum utilization
of frequency bandwidth on the satellite, as it allows the reuse of a frequency on a
different polarization on the satellite. Principally, a signal transmitted on a particular
polarization is received on the opposite polarization. The uplink and downlink
antennas have operationally adjustable polarization, but transmit and receive
antennas on the satellite are fixed. Besides its allows twice the amount of channels to
be transmitted by the satellite in the same amount of bandwidth, as the signals from
the opposite polarity are attenuated enough so that they don't interfere with each
other.

——
 —
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0060 (LNB)

The latter LNB stands for low noise block .it is the piece of equipment on the
front of a satellite dish that receives the very low signal from the satellite. “Low
noise” here means the quality of the first stage input amplifier transistor. The quality
is calculated in unite called noise temperature, noise figure or noise factor in which
may converted into noise temperature.

The less noise temperature the better LNB for example if we use LNB with noise
temperature =100K is twice better than the one with 200K.

“block” refer to the conversion of high frequency as received from the satellite to a
lower range in the cable to the receiver.
There are two main functions of low noise block (LNB):
Amplify the weak received signal without amplify the noise.
Change the frequency of the signal from high frequency to lower frequency.

The basic design of low noise block is shown below, that contain of tow band
pass filter (BPF), low noise amplifier(LNA), mixer and local oscillator (LO), and IF
amplifier. This LNB design only converted one portion of the band with a single
polarization.

BPF LNA MIXER BPF IF Amplifier

—>_. —,

— ——

input from |~ —_
waveguide output to

cable
9.75GHz
LO

Figure 4 Simple LNB Design

Explanation of each block in the above diagram:
Band pass filter (BPF): allows just the intended band of microwave frequency to
pass through.
Low noise amplifier (LNA): amplify the signal.
Mixer: mixes the incoming frequency with an external fixed frequency.
Second band pass filter: the mixer output are the difference frequencies between the
wanted input signal and the local oscillator frequencies which are the ones of interest,
band pass filter select these and feeds them to IF amplifier

——
 —
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Local oscillator (LO): generate wide range of distorted output signal.
IF amplifier: filter out all frequencies except the required frequency which is the
difference between the input frequency and the local oscillator frequency and feed it
into the cable.
Output frequency to cable =input frequency — LO frequency .......... (1)
LNB sensitivity:

The sensitivity of LNB can be known by measuring the noise figure the lower
noise figure the better LNB that can receive weaker signals.

We can calculate the over all gain and noise figure for the LNB diagram by
using basic cascade calculator [4]. Refer to the given performance parameter for
LNB listed in appendix A.

Basic Cascade Calculator

Capyright Richard 5. Ranson 2004

Module Gain NF Cum Gain Delta NF Cum NF
{ dB) { dB) { dB) { dB) { dB)

BFF -1.0 1.0 -1.0 1.00 1.0

RF Amp a.0 0.5 7.0 0.50 1.5

Mixer 5.0 8.0 -1.0 2.97 4.5

I Band Fifter 0.2 0.z 1.2 0.09 4.6

IF Amp 200 5.0 18.8 3.76 8.3

Total 18.8 8.3

We can see that
Total gain =18.8dB
Total NF=8.3dB

Cleary, this design is not suitable to be implementing in real time due to high
noise figure and lower gain.

Additionally, this design is limited just for certain band frequencies and it limit
the number of channel receiver, since it just used one LO. According to equation (1)
if the input signal is (10.95-11.7) GHz we will get only output frequencies (1200-
1950) MHz.

We need to design the LNB that cover the full range of frequencies in the
satellite K and C band and can receive both polarization (vertical and horizontal) to
enable reception of any channel from the satellite.

The figures below show LNB configuration, inside view, and block diagram.

——
 —
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Fig 2 LNB configuration [ 7]

Fig 3 inside view [7]

Mixer

Lmp.  Filter

3

F
cannectar
E\j) L2
10,6 GH=

Fig 4 LNB block diagram [7]

Control
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The new design LNB shown above is especially for satellite TV reception,
where people wish to receive signal from multiple band, alternative polarisation and
possibly simultaneously.

It has two alternative local oscillator frequencies, LO1 (9.75 GHz) for the low
band and LO2 (10.6GHz) for the high band using 22KHz tone injected into the
cable. This has a gain required the extension of the input frequency rang to
2150GHz.

The LO2(10.6GHz) value is closer instead of 10.75 GHz which apparently more
logical , since it would avoid the extension of the set top box range above 2000MHz,
thus the losses in the cable limited .

This design allowed two alternative polarizations to be selected (vertical or
horizontal) commonly be switched remotely using two alternative DC supply
voltages.

E.g. 13 volts makes it receive vertical polarization and 19 volts make it receive
horizontal polarization.

Three LAN are used to obtain high value of gain and low noise figure. The input
signal is very when it arrives at the antenna, thus it has to be amplified many times
before it transmitted down a coaxial cable.

Characteristic of the new LNB design

Local Outout
Frequency | Satellites | 22 KHz | Oscillator P
Band . to Cable
(GHz) (Example) | Signal Frequency (MH2)
(GH2)
ASTRA 950-
Low 10.7-11.7 1A-1D off 9.75 1950
: 11.7- ASTRA 1100-
High 12.75 1E-1G on 10.6 2150

We can calculate the overall gain and noise figure for this block diagram by using
the basic cascade calculator [4]. (Refer to typical performance parameter for LNB)

——

—t
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Basic Cascade Calculator
Copyright Fichard G. Ranson 2004
Module Gain NF

{ dB}) { dB) { dB)
st LNA a8.0 0.5 a.0
2mdd LNA a.0 0.5 16.0
Ird LNA a8.0 0.5 24.0
BPF -1.0 1.0 Z23.0
MIXER -83.0 5.0 15.0
IF Amp 200 B.0 35.0
Total 35.0

{ dB)

0.50
0.0v
0.1
0.00
013
0.33

[Cum Gain Delta NF Cum NF

{ dB)

0.4
0.6
0.6
0.6
a7
1.1

1.1

Total gain =35 dB
Total NF=1.1 dB

Clearly, the value of gain is increase and the value of noise figure is decrease by
using the new block diagram design. That means it better than the previous block
diagram but we need to add more amplifiers to achieve the value of noise figure 0.8
dB and gain 50 dB, we will add three amplifiers at the first and one band pass filter
after the mixer the result will b

——

—t
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Basic Cascade

Calculator
Copyright Richard G. Ranson
2004

Cum Delta Cum

Module  Gain NF Gain NF NF

(dB) (dB)| (dB)  (dB)  (dB)

1stLNA 8.0 0.5 8.0 0.50 0.5
2ndLNA 8.0 0.5 16.0 0.07 0.6
3rdLNA 8.0 0.5 24.0 0.01 0.6
4thLNA 8.0 0.5 32.0 0.00 0.6
5thLNA 8.0 0.5 40.0 0.00 0.6
BPF -1.0 1.0 39.0 0.00 0.6
MIXER -8.0 9.0 31.0 0.00 0.6
BPF -0.2 0.2 30.8 0.00 0.6
IFAmp 20.0 6.0 50.8 0.01 0.6
Total 50.8 0.6

By using the basic cascade calculator we get

Total gain =50.8 dB
Total NF=0.6 dB

——
 —
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MIXER IF Amp

Amp Amp Amp Amp Amp

D P D [ | O T

OO

Lo1 10.9GHz

9.75GHz

Low noise bloke new diagram

——
 —
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Link budget

The link budget is the series of calculation that allows by the means of the EIRP
of the satellite to be received, determination of the required characteristics of the
receiving installation (in practice, mainly antenna dimensions) as a function of the
minimum SNR to be guaranteed.[ 1]

When we evaluate a wireless link, the most important equations to be answered
are:
How much radio frequency (RF) power is available?
How much bandwidth is available?
What is the required reliability (as defined by Bit Error Rate)?

Calculation of received power :

To simplify antenna calculation and to be independent of the radiation
characteristics of the transmitting and receiving antennas, it is convenient to define
an isotropic transmission attenuation (Ai), which is valid for a satellite in
geostationary orbit.

It can be determined by the following equation:

Ai = 20 Log(%}

Where for f =12GHz = 1 = % ~25%107?m

27 %10° %36

R =36,000km Then  Ai =20log
2.5%10°?

J =205dB

——
 —
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But in real time the attenuation due to the atmosphere has to be taken into our
account because it can vary from 0.5dB to 8dB in very clear weather.

The attenuation does not exceed 1.5dB for 99% of the worst month at European
latitudes, which mean that the normal attenuation will be between

A .. =206.50B (Clear weather) and A, =214dB (exceptionally heavy rains),

but will stay below Ai ref =207.5dB for 99%of the worst month or 99.75% of the all
time.[ 1]

Additionally, for practical installation we have to take into account the antenna
Efficiency, which will lie between 55 and 80% depend on the type of antenna,
corresponding to a loss of 2.5 and 0.7 dB respectively, other losses (e.g. LNB
coupling and pointing inaccuracy) can be globally estimated to be 1.5 dB.

Diameter (m) 0.4 05| 0.6 0.7 | 0.8 0.9 1.0
Gain (dB) 34.0 37.5 40.0 41.9
35.9 38.9 41.1

Theoretical gain at 12 GHz of parabolic antenna [1 ]

Efficiency 55 60 65 70 75 80 | 85

(%)

Loss (dB) 2.59 0.70
221 | 187| 155 | 1.25 | 0.96

Loss (dB) as a function of the antenna efficiency [ 1]

In the case of a prime focus antenna of 1m diameter (gross gain 41.9dB see table
above) and 55% efficiency (corresponding to a loss of 2.5dB), the net gain will be,
after taking into account the 1.5 dB loss due to inaccuracy in pointing.

gy = 41.9—2.59 1.5 = 37.81dB

For an EIRP of 240 W (23.8dBW) the minimum power P, ;, (dBW) received by the
LNB for 99.75% of the time will be
P :EIRP_Airef +GRmin

R min
=23.8—207.5+37.81=-145.89dBW

——
 —
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System bandwidth and noise floor

We can compute the noise power:
N=KTB=-174
N =-174+10log (12)= - 98.45 dBm in the

This figure represents a theoretical noise floor for an ideal receiver. A real
receiver noise floor will always be higher, due to noise and losses in the receiver
itself. Noise figure (NF) is a measure of the amount of noise added by the receiver
itself. In our design about 1.1 dB.

This number must be added to the thermal noise to determine the receiver noise
floor:
Receiver noise floor = - 98.45dBm+0.6dB = -97.85dBm
Receiver sensitivity:

The first step in performing the link budget is determining the required signal
strength at the receiver sensitivity (prx)
Prx = receiver noise floor + SNR
To obtain good result SNR should be equal to 13 dB.
Prx = -97.85+13 = -84.85 dBm

PtGt

Power flux density at distance “d” from Tx antenna = .

If the distance d =40,000Km
We can calculate the actual amount of power

Power = PGt (W/m”2)
4nd®

PtGtAe

2

The power at Rx antenna =

Where Ae the affective area for dish = 1m diameter
Ae = ar? = 7(0.5)° =0.785 ~ 0.8m?
PtGtAe

2

pr (Power at the receiver) =

Pr > -84dBm +2dB

10 Iog[ PtGU?e} > -82.850Bm

Ae
And?®

10log(PtGt )+10 Iog[ } > -82.85dBm

08
4r(4+10°f
PtdB + Gt —104 > —82.85dBm

Pt +Gt > 21.15dBm
If Gt=1dB Pt=20.15dB

10 log(PtGt)+10 Iog( J > -82.85dBm

——
 —
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Noise temperature and noise figure of a LNB

Noise Temperature, T[K] = 290(10"""** ~1)

The table below give noise temperature (T) from noise figure (NF), which is useful
to work out LNB noise temperature from the required noise figure (NF) .[ 5]

NF(dB) (TK)

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

7

14
21
28
35
43
o1
59
67
75

NF(dB) (TK)

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0

84

92

101
110
120
129
139
149
159
170

NF(dB) (TK)

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0

180
191
202
214
226
238
250
263
275
289

NF(dB) (TK)

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
4.0

302
316
330
344
359
374
390
406
422
438

LNB new design has a noise figure NF=0.6 dB , that give noise temperature

T =43K.

System noise temperature (Ts)
System noise temperature given by:

T, =Tet+T

if we assume

Therefore,

antenna

T

antenna

=55K

T, =T +T

——

antenna

=43K +55K =98K

—t
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Figure of Merit G/T
The ratio of G/T characterizes the performance of the receiving station.

?[dB] =G, —10log T,

=41.9dB -101log 98
=39.9dB

c G
S[dB] =2 +[EIRP — (A +10l0gkB)]

Where
B is the bandwidth of the Receiver
k =1.38x102*W / HzK Boltzmann Constant

Form calculation
Ais=207.5dB, EIRP=240W (23.8dBW) and B=27MHz for 12GHz signal.

Thus,
%[dB] =39.9dB + [23.8dB —(207.5dB +101l0g(1.38 x10® x 27MHz))]

=-3.08dB

——
 —
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Appendix
Appendix A: Typical Performance Parameters for LNB
Amplifiers
Gain NF OIP3 DC at 4
dB dB dBm \Y;
mA
1095 to 1245| 8 0.5 -15 30
GHz
0.95t0 2.15 GHz 20 6 +10 50
RF Switches
On Off 0IP3 DC at 4
dB dB dBm \Y;
mA
10.95 to 1245 -0.6 40 30 On 10
GHz Off
0.01
0.95t0 2.15 GHz 0.2 60 30 On 10
Off
0.01
Filters
Gain NF 1P3 DC at 4
dB dB dBm \Y;
mA
1095 to 1245| -1 1 99 0
GHz
0.95t0 2.15 GHz -0.2 0.2 99 0
Mixer
Conv Isolation | NF 1P3
loss dB dB dBm
dB
RF 10.95 to 12.45| -8 20 9 10
GHz
IF 0.95t0 2.15 GHz
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An Overview of the Theory of Mdssbauer Effect and the Hyperfine
Interactions Parameters

Mahmoud Abdelrazek Ahmida’

Abstract

In this paper an overview of the theory of Mdssbauer effect is covered, and the
main hyperfine interactions parameters which affect the shape of the resultant
Massbauer spectrum are explained and illustrated as well. In principle, Mdssbauer
effect applies to any and all nuclides, but in practice, certain ideal properties are
desirable; that is, the conditions for recoil-free emission and absorption of gamma
rays must be optimized. Therefore, briefly discussed in this review one of the most
commonly used for practical and fundamental studies the **'Eu Méssbauer isotope.

1. Introduction: The Modssbauer Effect

Mossbauer spectroscopy is a method to measure small shifts and
splittings with high accuracy in nuclear energy levels caused by
interactions between the electrons and the nucleus. This method is
based on the Mossbauer effect [1, 2, 3, 4, 5, 6, 7] which was
discovered in 1958 by the German Physicist Rudolph L. Mdssbauer
and awarded the Nobel Prize in Physics for his discovery in 1961.
The effect involves the emission and the absorption of y-rays without
recoil in solids. The issue of this technique is to present a means of
measuring some of the comparatively weak interactions between the
nucleus and the surrounding electrons using the Mdssbauer
spectroscopy. It can be used to provide information in many areas of
science such as Physics, Chemistry, Biology and Metallurgy. It can
give very precise information about the electronic and magnetic
properties of the studied material. In the following sections, the
Mossbauer effect is described using one of the most used Mdéssbauer
isotopes among rare earth elements **'Eu and a short explanation is
given on the hyperfine interactions which determine the structure in a
Mossbauer spectrum.

! Assistant Professor in Physics at The Higher Institute of
Sciences and Technology, Ajdabiya.
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1.1 Recoilless Emission and Absorption of y—rays

Madssbauer showed that nuclear radiation can be emitted and absorbed by another
nucleus of the same kind as the emitter without recoil if the nucleus placed in a solid
[1]. When a free nucleus emits a y—ray (E,) during transition from an excited state
level with energy (E.) to the ground state level with energy (Eg) it will recoil. This
recoil energy and velocity are due to conservation of energy and momentum, resulting
in the emitted y—ray being of lower energy than the nuclear transition energy (Eo = E-
— Eg). The same is observed where the absorbing nucleus recoils, meaning the energy
of the resonantly absorbed photon is less than the transition energy. To understand
this effect [7], assume a free nucleus of mass M with an excited state level at an
energy Eo and moving with a velocity V along the direction of the emission of E,
energy (Figure 1).

O Recoil O /\f\f\f\f\/’ E

Figure 1: Recoil in a free nuclei in emission or absorption of a y—ray.

The energy above the ground state at rest is Eo + (¥2)MV2. When a y-ray of energy
E, is emitted, the nucleus recoils and has a velocity (V + ») and a total energy of
E0+(1/2)M(V + p)®. By considering conservation of energy before and after the
emission of the a y—ray:

1 2 1 2
EO+2MV E7/+2M(\/+u) ®
The actual energy of the photon emitted is given by:
1.2
E}/—EO E|\/|u MoV =B -E_ -Eg (2)
The energy E, of the emitted photon in the above equation is the excitation

energy
Eo reduced by the recoil kinetic energy Eg of the nucleus and the thermal or Doppler
energy (Ep = MvV) which is proportional to the initial velocity V from the thermal

motion of the nucleus. The recoil nucleus kinetic energy Er expressed by:

VR
EL = > Mo (3)
Equating the components of momentum before and after the emission process of
y—ray gives:
E
MV =MV +0)+-L (4)
C
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where (E, /c) is the momentum of the photon and c is the speed of light. The recoil
momentum of the y—ray is:

E
Mo=-—L (5)
c
Inserting equation 5 into equation 3, the expression for the recoil energy Er of the
free nucleus after the emission of the y—ray is given by:
E2
"R = yz ©)
2Mc
Since the atoms of the emitter as well as the absorber have thermal energy, they
move in certain velocities, and for each velocity the emitted wave’s frequency is
changed according to the Doppler shift. The Doppler energy Ep is dependent on the
thermal motion of the nucleus, and will therefore have a distribution of values which
is temperature dependent. A mean value, Ep, can be expressed [7] which is related to
the mean kinetic energy Ey per translational degree of freedom of a free atom.

E _ K . E 1
ED E}/ 2 ; EK_2kBT (7

where kg is Boltzmann’s constant and T is the absolute temperature. As a result,
the statistical distribution in energy of the emitted y—rays is displaced from the true
excited state energy by —Er and broadened by Ep into a Gaussian distribution of width
2Ep. The distribution for absorption has the same shape but is displaced by +Eg.
Figure 2 illustrated schematically the statistical distributions for the emitting and
absorbing atoms. These energy distributions must strongly overlap in order for
resonant absorption to occur.

emission absorption

-Ep E, +Ep !

Figure 2: The statistical distribution in the y—rays energy for the resonant
overlap for successive emission and absorption.
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nuclear energy involved which is determined by the Heisenberg’s uncertainty
principle as I'o= 7 /7, where 7 is Planck’s constant and t is the mean life time of the
excited state, e.g. for E, = 21.64 keV of ™'Eu nucleus, Egr = 10~° eV. This results in a
reduction of the E, energy, (beyond the I'g limit) therefore, nuclear resonant
absorption of y—ray emitted by the free nuclei can not occur.

Thus, the resonance emission and absorption can take place under the condition
that 2Eg < TI'o. This resonance condition is fulfilled when the recoil momentum or
energy upon emission or absorption of a y-ray is taken up by the solid as a whole
rather than by a free nucleus. As the equations for recoil energy and Doppler
broadening contain the reciprocal mass M, Er and Ep become very small and much
lower than I'y and thereby fulfill the resonance condition.

If the nucleus is bound in a solid, in which the movements of atoms are
superpositions of quantized vibrational modes, then the recoil energy Er must be
almost as large as the energy of the vibration quanta phonon, in order to excite a
phonon. In the Einstein model of lattice vibrations, there is only one phonon
frequency ®. The lattice vibrations are quantized, and the recoil energy can only be
transferred to the lattice if it takes place in integral multiples ho. During the emission
of a gamma quantum, part of the energy Eo may be lost to the lattice by exciting a
vibrational state. In this case the energy of the gamma quantum is reduced by the
amount (0, = ho, = 2 hw,...) and the energy of the gamma quantum will then be too
small to be resonantly absorbed by another nucleus. If the recoil energy Eg < A, then
either zero—phonon event or one—phonon event (hw) of vibrational energy may be
transferred to the lattice. It has been shown [8] through a theoretical consideration that
when an average is taken over many emission processes, the energy transferred per
event is exactly equal Egr. Using this fact we may write an expression which leads
directly to the fraction, f, of emission events which takes place without lattice
excitation (zero—phonon transition), and a fraction (1 — f ) transfers one phonon
energy ho:

E
f=(1-f)hw or f=1-—R (8)
hw

Only these events ( i.e. recoilless fraction f ) give rise to resonance emission or
absorption, i.e. to the Mdssbauer effect. f is called Mdssbauer—Lamb factor.

——
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1.2 The Lamb-Mdssbauer Factor

The probability of recoil-free fraction of y—rays emitted or absorbed without loss
of energy to the lattice vibrations is related to the Mdssbauer—Lamb factor f which
can be written as [¥]:

E

__r_ 2 9)

y hc A

where k, is the wave number of y—ray with the wavelength of the gamma ray (A =
0.57 A) in case of *'Eu. < x*> is the mean square amplitude for thermal vibrations of
the emitting or absorbing nucleus in the direction of y—ray. The Mdssbauer Lamb
factor f value when it increases, leads to an increase the Mdssbauer effect at relatively
low y-ray energy and at low temperature, < x* > decreases with lowering
temperature. Therefore, most Mdssbauer spectroscopy experiments are performed at
low temperature such as liquid nitrogen or liquid helium. For the Debye model of
lattice vibrations equation 9 has the form [3]:

f =exp(—k§ < x2>) ;

®
_D
3E .
foep(c— R @ra(1)2 [ X av) (10)
%% p oe -1

where Op is the Debye temperature of the crystal in which the nucleus is bound,
T is the absolute temperature of the crystal at which the experiment is performed and
kg is the Boltzmann constant. Since the fraction f is strongly temperature dependent
and relative to the Debye temperature, decreases as the temperature increases and
conversely, an approximations can be made for very low and high temperature

conditions:
-3E,
f =e for T <<®_; 11
Xp(2k o ) D (11)
B D
—6E_T
f=exp (— ) for T >0_: (12)
K ®2 D
B D

1.3 Principle of Mdssbauer Spectroscopy

In the transmission geometry of Mdssbauer experiment, a sample is exposed to a
y—ray source and a detector measures the intensity of the beam transmitted through
the sample. This technique is achieved by moving a source relative to an absorber at a
variable velocity. In this way, the energy of the emitted y—rays is

shifted due to the Doppler effect in order to have a resonance between a source
and an absorber, the energy increases if a source moves toward an absorber and

AR
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decreases when it moves away. Shifting and splitting of the nuclear energy levels
between a source and an absorber can be measured at velocities in the order of mm/s.
The resulting Mossbauer spectra is a plot of y—ray transmission intensity as a function
of the source velocity which can be converted to energy shift. A basic set-up for a
Maossbauer experiment in transmission geometry and a typical result are shown
Figures 3(a) and 3(b) respectively. The Doppler energy shift (Ep) as a function of
velocity (v) is equal to [3]:

19
E =E =2 13
p= &, ¢ 13)
(a) (b)
source absorber detector
|0 wvvv’ﬂwww{ g
drive 8
unit
“:;;:::::‘j:r:‘ -30 —2IO —1I0 0 lIO 2IO 30

«— VvV —
Velocity (mm/s)
Figure 3: (a) Set-up for a Mdssbauer spectroscopy experiment in transmission geometry and
(b) Typical Mdéssbauer spectrum in the absence of splitting or shift of the nuclear
levels by hyperfine interactions.

1.4 Gamma ray Source

Gamma ray is the most energetic radiation in the electromagnetic spectrum; it has
the lowest wavelength and the highest frequency in the spectrum. y—rays are sent out
spontaneously by some radioactive nuclei and having energies in a range 10-100 keV.
One of the most used Mdssbauer isotopes among rare earth elements is **'Eu. The
most popular source for Méssbauer spectroscopy with **Eu is **'SmFs. Such source
has a high recoil free fraction even at room temperature and a single emission line
with no appreciable line broadening.

The nuclear decay scheme for *!Sm, 21.64 keV level and the value of relevant
parameters are shown in Figure 4. The half-life time of **'Sm is 87 years. It decays
first to a metastable state of **'Eu by electron capture to the excited state I, = V/2
(21.64 keV) or to the ground state 13 = 5/2 by the y—ray emission. The 21.64 keV state

Yy
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decays in turn to the ground state by y—ray emission or internal conversion. The half—
life of the 21.64 keV excited state is 9.7(3) ns, giving rise to energy uncertainty. A
Maossbauer y—ray then has a natural linewidth (2I'p) of a resonant emission and
absorption of 0.652 mm/s. Other nuclear parameters of the ™>'Eu isotope are shown in

the Table 1.
151Sm
- 87y 1170
b 175 keV
2%

98%
712 + ‘} 21.64 keV tm: 97ns
5/2 +

151
Eu

Figure 4: The nuclear decay schemes for the Méssbauer isotope *'Eu [9].

Parameters Ground State | Excited State
Spin | 52 712
Nuclear Quadrupole Nuclear Q 1.14(5) 1.50(7)
(barns) Nuclear Magnetic Moment | 3.465(2) 2.587(2)
()
Energy Eo (keV) | 21.64
Recoil Energy Eg (107 | 1.6484(6)
eV) 48
Natural Isotopic Abundance (%) | 18.5
2 2 2 M1
a{r)-{r)-a) M= 1
(10 fm?) AM,= 0, +1

Multipolarity

Selection Rule

].VY, Y« Table 1: The nuclear parameters of the Méssbauer isotope 'Eu [
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2. Hyperfine Interactions

The primary application of Mdssbauer is to use the nucleus as a local probe when
it is embedded in a solid state lattice. The interaction between a nucleus and its
surrounding environment is known as a hyperfine interaction. These interactions are
very small compared to the energy levels of the nucleus itself but the extreme energy
resolution of the Mdssbauer effect enables these interactions to be observed. The very
high energy resolution of the Mdssbauer spectroscopy permits small energy shifts (~
neV) to be measured. The physical reason for such an energy shift is the hyperfine
interactions of a nuclear property with that of an electronic or atomic property of the
atom. These interactions can cause degenerate nuclear excited and ground states to
split or they can lead to small shifts in energy levels. Often, the linewidth of the y—ray
10® eV is less than the hyperfine shifts or splitting of the levels (107 —1077 eV),
which then will be reflected in the Mdssbauer spectrum, partly as a splitting of the
lines and partly as shifts. Three main interactions give rise to the structure of a
Mdossbauer spectrum. These interactions give rise to the isomer shift, electric
quadrupole splitting and the magnetic hyperfine splitting. In the following sections
these interactions and associated hyperfine parameters and their influence on the
nuclear energy levels are discussed.

2.1 The Electric Monopole Interaction (Isomer Shift)

The isomer shift arises due to the non—zero volume of the nucleus and it is directly
proportional to s—electron density at the same nucleus. This leads to an electric
monopole or Coulombic interaction, which is the interaction between electrons of the
atom and the nucleus. The difference in s—electron density of the emitting and
absorbing nuclei and the difference between the radius sizes of the nucleus in the
ground and excited states affect this interaction, and lead to only a shift of the nuclear
energy levels Fiure 5(a). In the resulting Mdssbauer spectrum, such as Figure 5(b), the
isomer shift isg the displacement of the absorption line away from zero velocity and is
observed where the Doppler velocity applied to the source correctly modifies the
source’s gamma-—rays energy to account for the difference between the source and the
absorber. This relation between charge electron density and nuclear radius is so called
isomer shift (S) and is given by the equation [7]:

s =%”ze2 O\ya (0)‘2 ~ “Ps (0)‘2] (<r§> _<r§>) (14)

where [¥s(0)]° and |W,(0)* are the electron charge densities at the emitting and
absorbing nuclei respectively (|¥s(0)]° # |¥(0)]%). Z is the atomic number and e is the
elementary electronic charge. «re™» and «rg"> are the mean square nuclear radii of the
excited and ground states respectively (re # rg). The isomer shift measurements can
provide useful information on the electronic structure surrounding the nucleus and is
good for probing the valence state of Mdssbauer atom. As the wave function of the s—
electrons penetrate into outer shells changes in these shells will directly alter the s—
electron charge density at the nucleus. For example, Eu®* and Eu®* have electron
configurations of (4f /) and (4f °) respectively. The Eu®* have less s—electron density
at the nucleus due to the greater screening effect of p, d, and f-electrons. This

Y¢
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produces a positive isomer shift greater in Eu®" than Eu®*. The isomer shift of Eu
nuclei in compounds containing stable divalent and trivalent Eu ions falls in two well
known separated regions and varies in the range between ~ —8 and =~ —14 mm/s for
Eu®* and between ~ 0 and = +4 mm/s for Eu®" [12]. The ***Eu Mé&ssbauer isomer shift
can be used to investigate the valence state in Eu—based compounds, due to this larger
difference (A = 14 mm/s) between Eu** and Eu®* compared to the line width of the
resonance line (3 mm/s).

(a) (b) ?
E, -- - 2
) _1_/_ E, _1_[_ E,
E, E, |
B4/ 4 [
source (s) absorber (a) 3020 _150 [:) 020 30

Velocity (mm /s)

Figure 5: (a) Nuclear energy levels shifts due to electric monopole interaction and
(b) Resulting Mdossbauer spectrum of the isomer shift.

2.2 The Electric Quadrupole Interaction (Quadrupole Splitting)

If the nucleus has a non-spherical charge distribution (huclear spin quantum
number | > 1/2), then it has electric quadrupole moment [7]. Therefore, the
quadrupole moment can interact with an electric field gradient (EFG) at the nucleus
due to the surrounding electrons, producing a splitting in the nuclear energy levels.
The electric field gradient could have two components: one due to the asymmetry of
the electron charge and another to the asymmetry of the lattice charge distribution.
Such interaction depends on the squared nuclear spin quantum number and lift only
partially the degeneracy of the nuclear levels. The coordinate system of the electric
field gradient tensor is chosen such that |[Vy| < |Vyy| <|Vz|. The asymmetry parameter
n i1s generally defined as:

-V
p= 2 W . 0<ly<1 (15)
2z

The electric field gradient can be specified by two parameters  and V.. The
parameter z describes deviations of the electrical field gradient from rotational
symmetry around the principal component (z—axis). The z—axis is often chosen to be
the symmetry axis in describing a nucleus which is subjected to this hyperfine
interaction, and is the axis along which the EFG is a maximum. There are two
contributions to V, [13]:

V. _ =@0—y )viia-Rr).vv (16)
zZZ o.o] y/4 y¥4

where vy, and R are Sternheimer antishielding and shielding factors respectively.
V,, " is the contribution of the crystal lattice, i.e. it results from the ionic charges
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of the atoms which surround the Mdssbauer isotope. V,, ** describes the contribution
of the localized electron of Mdssbauer atoms, due to incompletely filled electron
shells (valence electrons). In 4f systems this contribution is mostly dominated by a
non-spherical charge distribution of the 4f electrons, however in some cases, other
valence electrons (e.g. 6p or 5d) have a significant influence. The expression for the
electric quardrupole interaction gives rise to the following energy levels scheme:

1

eQVv 2\o
_ 27 2 _ n_
EQ_4I(2|_1)(3M 1 (1 +1)) [1+ 3} (17)

with eQ being the nuclear quadrupole moment and | the nuclear spin of the nuclear
state. V, is the max value of the electrical field gradient along a symmetry axis at the
nucleus. Eq dependent on the absolute value of the magnetic quantum number

M and it is degenerate in respect of the signof M. M =—[—1+1,..., I, I =5/ 2,

le = 7/2. 1t means these two states configurations have the same energy. The magnetic
quantum numbers determine the number of energy levels. Therefore, they determine
the number of Mdssbauer lines. The excited state level spin I, = 7/2 is split into four
M sublevels (+ 7/2, £ 5/2, + 3/2, + 1/ 2), while the ground state level with spin Iy = 5/2
is split into three M sublevels (£ 5/2, + 3/2, £ 1/ 2), as shown in Figure 6. The
resultant spectrum is from transitions between ground and excited state sublevels
subject to the selection rule AM =0, + 1.

1.=7/2 /
+ 5/2
X + 3/2
+1/2

*7/2

. + 5/2

I,= 5/2
LY +3/2
— +1/2

Figure 6: Nuclear energy levels of ™ Eu in the presence of quardrupole interaction.
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2.3 Magnetic Hyperfine Field (Nuclear Zeeman Effect)

The magnetic hyperfine splitting is due to the interaction of magnetic moments u
of the ground and excited states of the nucleus with a magnetic field with the
condition that the spin quantum number | > 0 [V]. Such interactions lift completely
the degeneracy of the nuclear levels which correspond to different orientations of the
spin I. The Hamiltonian for magnetic hyperfine dipole interaction is given as:

H =—u.B _ =— I.B 18
m = M B Q,UN off (18)

where Be is referred to as the size of the magnetic hyperfine field at the position
of the nucleus. (uny = 5.050x107%7 JT ') is the nuclear magneton, and g is referred to
as the g—factor (g = u / | un) of the nuclear state. The spin I and g are usually
different for the excited and ground states. Due to this interaction, the magnetic field
splits the nuclear energy levels of spin quantum number | into 21 +1 equally spaced
non—degenerate levels with an energy given by:

uB =
Em __TM__g'uNBeff M (19

M is the magnetic quantum numbers and can take the values M = —[,—-7 + 1,...,
I-1, 1. Transition can take place between sublevels subject to the selection rule that
AM should change by 0, = 1 in the absorption process. Figure 7 shows the splitting of
the excited state (I = 7/ 2) and ground state (I = 5/ 2) nuclear levels which gives rise to
very complex ™Eu Méssbauer spectra with 18 allowed possible transitions but
experimentally an eight—line pattern is seen in the case of good counting statistics or
an intense spectrum. Figure 8 shows the corresponding Mdssbauer lines.

-7/2
-5/2

-3/2
-1/2
1/2

3/2
572

21.64 keV AM=+1 AM=0 AZJIIi_

-5/2

.32

-12

1/2

3/2

52

Figure 7: A schematic representation of magnetic splitting of nuclear energy levels

of an **'Eu nucleus.
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6 512 41118 31017 2916 1815 7 14 13

Figure 8: Resulting Mdssbauer Spectrum.

B. is the Fermi contact field which is caused by the core polarization of the
s—electron density at the nucleus. It is originating from the interaction of the
S =7/2 spin of the Eu* ion with its own (nonmagnetic) electron shells [18]. It
has the largest contribution to the internal field Be with accepted value of
(=34 T) [19]. In the nonrelativistic approximation, this effective field is
regarded as being due to the difference of spin up and spin down densities m(0)
at the nucleus.

87

B =~ 1t M(0) (21)

Be is produced by the polarization of electrons whose wavefunctions overlap the
nucleus, i.e. s—electrons. This polarization is due to unpaired electrons in the f
orbital and gives an imbalance in spin density at the nucleus from the
difference in interaction between the unpaired electron with s—electrons of
parallel or antiparallel spin to its own. This can be expressed formally as [20]:

2 2
B, ——?sz{“P;(O)‘ —‘\Pj(c»‘ } (22)

where yg is the Bohr magneton and (]¥;° (0)* and (|¥,° () are the spin up and
spin down densities for s—electrons at the nucleus respectively. The summation is
taken over all s—electrons. The large negative part of this field is owing to core
polarization. This results from the different exchange interactions of the 1s, 2s, 3s and
4s electrons of parallel and antiparallel spin with the f shall [21]. The exchange
interaction between the spin up polarized f shell and the spin up s—electron is
attractive, while that between the f shell and a spin down s—electron is repulsive. As a
result the radial parts of the two s—electron wave functions will be different, one being
pushed toward the nucleus, the other pulled outward. Therefore, the spin densities at
the nucleus no longer cancel and a Fermi contact interaction is observed [5].
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Bce is the contribution from the conduction electron spin polarization produced by
the 4f electron of the magnetic ion itself.

B is the transferred hyperfine field produced at an Eu nucleus by the spin
polarization of the conduction electrons by the 4f magnetic moment of the
neighboring atoms. It has been found the transferred hyperfine fields are
relatively small in Eu—intermetallic compounds [15, 16, 17]. However, |Bix |
is very sensitive to external pressure and determine the pressure dependent of
|Ber | [14].

Baip Is contribution from the dipole interaction with the moment of the electron
spin. The total By, dipolar field is the sum of the Lorentz field, the
demagnetization field, and the contribution from neighboring magnetic
dipoles; Bgjp is usually very small [22] compared to the other contributions.

Summary

The goal of this review is to create an accessible summary and familiarize the
reader who is not an active practitioner of Mdssbauer spectroscopy with the basic
concepts of the method. First the theory behind the Mdssbauer effect is explained and
the key to the success of the technique is the discovery of recoilless gamma ray
emission and absorption. It is intended that this information should be sufficient for
the reader to understand the application of Mdssbauer spectroscopy to analysis the
studied system. This paper also presents some ideas based on the nuclear physics
hyperfine interactions parameters that can by derived from the Mossbauer effect.
These interactions are very small compared to the energy levels of the nucleus itself
but the extreme energy resolution of the Mdssbauer effect enables these interactions
to be observed. The very high energy resolution of the Mdssbauer spectroscopy
permits small energy shifts (~ neV) to be measured. So It can give very precise
information about valence state of Mdssbauer atom, structural electronic, and
magnetic properties of the studied material. Finally a references
of books and articles is given for further and more detailed information.

Y4

——
 —



-\ dovlond) e \ W o) Ll el feidibls_ololl2le

References :

[1] R. L. Mdssbauer, Zeitschrift fiir Physik, Bd. 151, 124(1958).
[2] R. L. Mdssbauer, Z. Naturforsch. 14a, 211(1959).
[3] H. Frauenfelder, The Mdssbauer Effect, Benjamin, New York(1962).
[4] M. W. Dirken, A 151Gd Mdssbauer study on the Origin of the Electric Field
Gradient, (1963).

[5] G. K. Wertheim. Mdssbauer Effect: Principles and Applications, Academic
Press INC, New York (1964).

[6] N. N. Greenwood and T. C. Gibb. Mdssbauer Spectroscopy, Chapman and
Hall Ltd, London(1971).

[7] T. C. Gibb, Principles of Mdssbauer Spectroscopy, Chapman and Hall Ltd,
London (1971).

[8] H. J. Lipkin, Annals of Physics, 9, 332(1960).

[9] M0ssbauer Effect Data Index 1974, J. G. Stevens (Hrsg.), New York, Plenum,
204(1975).

[10] E. R. Bauminger, G. M. Kalvius and I. Nowik, in Mdssbauer Isomer Shifts,
edited by G. K. Shenoy and F. E. Wagner, North-Holland, Amsterdam,
(1978), P. 661.

[11] Mdossbauer Effect Data Center, University of North Carolina.

[12] J. W. C. de Veries, R. C. Thiel and K. H. J. Buschow, Physica 121B,
100(1983).

[13] S. Ofer, I. Nowik und S. G. Cohen, in Chemical Applications of Mdssbauer-
Spectroscopy, edited by V. I. Goldanskii and R. H. Herber, Academic Press,
New York, (1968), P. 427.

[14] M. M. Abd-Elmeguid, H. Micklitz and G. Kaindl, Phys. Rev. B. 23, 75(1981).

[15] I. Nowik, B. D. Dunlap, and J. H. Wernik, Phys. Rev. B. 8, 238(1973).

[16] M. Leowenhaupt, Z. Physik. 258, 209(1973).

[17] K. Kropp, W. Zipf, E. Dormann, and K. J. H. Buschow, Journal of Magnetism
and Magnetic Materials. 13, 224(1979).

[18] G. Wortmann and J. Moser, Hyperfine Interactions, 10, 879(1981).

[19] J. M. Baker, and F. I. B. Williams, Proc. R. Soc. London Ser. A267,
283(1962).

[20] V. I. Goldanskii and E. F. Makarov, in Chemical Applications of Mdssbauer-
Spectroscopy, edited by V. I. Goldanskii and R. H. Herber, Academic Press,
New York, (1968), P. 24.

[21] R. E. Watson, and A. J. Freeman, Phys. Rev. 123, 2027(1961).

[22] D. Barb, Grundlagen und Anwendungen der Mdssbauerspektroskopie.
Akademie-Verlag, Berlin(1980).

——
 —



Sl )y Lo Laa) a5kl

o yaal Al g9l ‘EA\.:.“ LPEA(

L e e e S oy Sl T ) B
d“"‘*‘"‘iﬁ cc);ﬂ\ &JJ‘Q‘HMJ@\%’A‘ ;\Uﬁﬂﬁ;w Jazadl) e g
Aaadd Jlae (A e oo dage Je aiul j jladl ay Qllal)



tagaal) alad
dakadil) dudigll and Cla ey malia dae) Jae Al
o 2erall paldll adgall & Jaall 2855 e & 3ULY) SiCay
051 A3

www. hie.edu.ly




-\ dovlond) e \ W o) Ll el feidibls_ololl2le

Ahal aldy) B Aaad) gall claad) Laa

(Ladsall (il cigually cond) daay )

" aaaa olde & sl

onle S e aDUsy 3l 5 agleSilly adad) a0 G 6 S Y rAadila
& aenls lles ok o Al 8 Gpendd) cleladll aclu 8y cadiaal 8 5Ll
G il dedl ola 8 agleilly alall skl IS 15 capdl) e sgally gl g
el aamll ld e sl G Y skl Gl e Jiea () Al dapall (law
¢Alled) damsl il cailly ) b Cadaghy 15elas caliadl Jb o ki o) aglsisall
i i) CEY) Bl el cpa il o)y cagiind aiag caiball QIS Jugn Jal e
iy A ayaall Gy aay ol asll apaalld (Agliall Alaall dad (pe DY) gl sy
slia) o andl K pany & danll g B i G S ey clea
oo ) Ll il o Gag e IS b sl of (S ST 6l @i e cileay
G Aaalall Bl el aa Leihay LealolSe) qanliti o Slad) BY) B oAl dilg

gaiha OIS sliall J8 (e cuilag

Ghh b sk @l s o sygpall adivg dapall GISE G skl ¢

Jilgs @bl 5,aY1 LY 6 dalul) e cjels 8y clgaSineg ailall ol e (ol
Ll sl Cipny Lo Jilusll Gl (pas el Aygn o Copmilly s digaa dudle
(N daayy (gall daans (ol daas igsall Glaadl ol Biométrie i gall
4S5 DNA L)l dacadly cal) duiag ciysaall Lo s¥) iy ciadllly ¢ el Ak
e il b ddle b (e L) Ll i) nidnsll daayy sl o liall dag) alasi
Ugguy QL)) anan A ASslully Al (ailadll o baldeY (paddll 450
dadie 8 b Leilen W) @l dysel) (e Ginil) Bihh e Wyt aae A3lhe Lealadinl
Y lae A dsed) (e @l A dpalall Bl Jae Jady ddagell e Geaall Jilag
Aplatll Syl Adiad) sl Bl 5 chlaaly el o Ui ediling  culeUad
Lall Glaad S Gl e slae¥) salpl asty Gl G dr L&D LGl

*

Ll Aaala gl RS izl e

Yy

——
 —



-\ dovlond) e \ W o) Ll el feidibls_ololl2le

Liasull Aosell Coyry Lad jaull Ghlal ddaanll Gl Glatidl 4 Lealadiul
.l'identité Biométrique

Alns OlY) Gsis Alen o Alad ol ST dadia 3 Jlad) 0 IS Al

& 4alidd) ~lladll; Droits de I'Homme et Libertés fondamentales L)

05 O (ol Al ilppally aaiall Gl Alea & Slal) o5l Bllad b cpainal

oo il Ll o Ll @hh G e el dapal) lae i skl )5

pasall Gukil Jlae ¥ Y bl Geiall ol Gl oo Bale 32 Yl ey

S e S il e oS Wl el Bsiall Gles Cogiod ) Aulial
e aly il g 4ilaas dajal

Enquéte el Giadll Jlae 8 sl aglsSilly el ol of am

O Y) leaSinay ilal) e Catsll Jou & oIS oy Slall ciliy) Jis i scientifique
353 dal e dual Ll 3 cdulal) ailny s Gsiny (slusal) ) g 28l
lal) LiCs ) cndll Goiny Uilase (R 38 Jilussl) ol alasind &) 3 elgileny Lgie
Droit de garder le Cwall 8 G@ally cavall dajn 8 @IS cadgall (3 sally opilsdll
Intimité  Zalall sLall Zall §f dpas sl bl Ay 8 dia Auluy) dalS) silence

.de la vie privée

o ead ol 0 il Lugy 085 o el e a2yl o ailas ol Gsis o

5 dapall g il b A cadinall dalall Aaladl) Guiat ol s as el o

fae s e (53a b ASEY) 5o o s AuSally GaY) b Bal) — L aciaalld cleiSise

& lele JSlall Jmlll Jieey o Slall cldy) b daall Ll Jilesll el aladol

Slo gy Jdall i 8 Aalu e Sbal) oalil) 4y iy Lo Jl 8 aselplls 25y
Cilyng 28l GBsiny (slise (o Jilusgl) Gl i o8 Laa a2l

(Ol daay 1Ay Auhally Al Glaad) (s 435l 028 & Galdl Jsliys

(lacad) b dale Jo capill ) Aadal) oda ciagiy 3V daays cCigeal) dacays
Lale dagailly Tlealadinl dae g pdia (520 Los cApalall Liady clpuailiady clgaladinl 44,
@ s fRaal) bl @l il e Sl godall Cige Ly § Sl @lBy) b
s Jag el ol YL O Blew JSbal) el Bl lgle sl oS g0
skl s Las Y Sagaall wiha i) A Al Jilugl) @l e Jogal)  Slial) oalal

Ye

——
 —



-\ dovlond) e \ W o) Ll el feidibls_ololl2le

B G ) clayiy Gal LS caall Ahally Gal dapall QIS b aglyiSilly ol
il il Ll i e

Jin 3 dagally aal) e gl (1o Canll pomse of 0 Aahal) Luaal sasiy
A Y1 Ahall lSsy) 8 Aaal) ol aladiad 5y85 50k5 ) kil Slal) syl
Gasath Sl Sle giagall (o duhiall g ouage yiimys ¢ Al Sl gl Lgila) j0ed Jxy
e Kar Olnay bl ) deai S Gl g Auhall a5 Angl g A Calsa
A 8 ¢ Al Y 8 giaas Glaadl @l alaiiu) degphe ) 4D
) el g clld
Lgaal) claadly ciy ) 1 gY) llaal)
(oAbl aliy) ‘”,A W) 949 Aygaall Claad) s g jia A llaal)

J¥) atlaal)
dogal) claally Ciy il

aillaladie At lgidagis ¢ calel 2l i (ge iy (f o asdl dlle B aadll (g
bl Al D) agall o Jray g ) Aliad) Allaal) Gl e DY) dd )
LD (e Agfiagal) Aaged gl iluldl) Sy L ahall Sipe ge Gl Jlae b S
b ey bl Clacas e (A Clacay LDl ol ) dall lgie S ) ol
s Arsal) il Copey Lad ¢ &l O daays (gl daayy ¢l daay 1 laad)
nslgndll pailadll Y SV padtl D o Capll e (S8 il e Bl
O padill AL

Djili Abdellah Mahdadi Djamel Eddine: Reconnaissance de personnes utilisant la multi—(’)
Faculté des Nouvelles technologies de <memoire master academique <représentation de l'iris
Claudine «p5 ¢2015-2016 <universite kasdi merbah ouargla <I'information et de la communication
biometrics. it-sudparis. <p1-2 <Laure-Anne Cornelie: Les aspects juridiques de la biometrie «Guerrier

eu/downloads/. . . /rep4072e2adb7d5a. doc.

(2)M. Emine Krichen: Reconnaissance des personnes par l'iris en mode degrade <Thése de doctorat «
I'Institut National des Télécommunications dans le cadre de I'école doctorale sitevry en co-
accréditation avec I'Université d’Evry-Val d’Essonne <2007 ¢«p 1. Carol Henderson ¢<Diana Botluk:
Sleuthing Scientlfic evidence information on the internet <Journal of Criminal Law and Criminology ¢
Volume 106 | Issue 1 Winter 2016 <p74.

——
 —



-\ dovlond) e \ W o) Ll el feidibls_ololl2le

—yl Jaae Ayl Clecad) Capedl Giapell Al e Aial) o3n DA o Ealdl Jonsass
c_e:’;b.. LS Q‘-ﬂ}“@@xﬂd\ w} cd'}){\:\.mag} “L\}-AS\ :\.mAAJ cu.\d\d.m.aa‘éﬁw\

Ja¥) gl
Gl danay
b Raalell Lgiady lpailiads (el Gy asghe o Al (e Agjall o2 3 Capin
tah LS ey
i€ Al dagall Clacadl (e Empreinte de 0l (sl daay 33 10l daay 4aka Nl
ol L e a8 AR Ayfiegnl) o) Ayl L@ Bl STy (Opaall Hlad) lgie
Bysnas Bl Gailiadd)s dial) Clagheal) (4o 308 dogenn o (o5t Cum ope (o sjudiy

dnglls da rétine A8l :oppaic e Gl daay Sig « ODNA 4 daadl e S
l'iris

Ol Aie o il il Al ¢ pally A e o) ainll a AS0AN,
o (pe Auboalis 0jS 5 iy (o day g sal) iy a5 co guiall Aline WIA Ao sana (30 il

Aran , Leonard Flom :lea ¢yl clhl (o oY Cpall daad olidy) cdl & Juadl) & ()
e paibady el 4ai i o o LE al cluhall ab s calnldll caaie aSafir
A cpaddll ga e Gl mlial A (g cpadd (o S Al Anall A Golal dsag Lgme Hdaty B
oy & oseludl  John Daugman ylijla daals 8 Gluabyll alle biuYh el e LG
ced) S Gaad) y5a Saasis «Slaay oAl
Penny Khaw: Iris Recognition Technology for Improved Authentication <SANS Security Essentials
(GSEC) Practical Assignment <Version 1. 3 <SANS Institute 2002 «p4 <Frédéric Massicotte: la
biométrie «safiabilité et ses impacts sur la pratique de la démocratie libérale <mémoire présenté
comme exigence partielle de la maitrise en science politique <Université du québec A montrEal «
2007 «p39-40.
Alaa Hilal: Systéme d'identification & partir de I'image d'iris et détermination de la localisation des (Y)
Spécialité: <Université Libanaise - Beyrouth — Liban <Thése de doctorat de 'UTT <informations
p 1. <2013 «optimization et surete Des systemes

) larayg A8l daad) 8 A o DY) g Alaed) 48 ) pabed) GUEY) Byk (s daal saaly(T)
— aanl) 4@ 5501 Aadie Jae A5 Lgie oDl afil) Calgay g I LBy Al aalls Cgaally cpalls
Dsk)— e Ayl el = lae Aikalis Al o 5lly oY) 8155 Atadan (G2 " gdilly ad) apaaill alie

CYY Ga (Yoo dpd A = 0 gl ol

1

——
 —



-\ dovlond) e \ W o) Ll el feidibls_ololl2le

il WO gpadl Camall Gyl ce ¢ Ll ) Gl sey Eppadl el Jid ¢ illy cpal)
Sail e gsesall puaiall ag Al Lpanay ccpall Fhand ) landl gl cLiall g8
el & JaSy cJaal) e B el & Sl 8 Tang ol Jal) epall aps
ol Al Ay Axppe Bpea LED Spb e Gl deay o Jsanl) (Sayy 000
) Ay 518 Cum O] daay Jln s e U sheal) cand ZasY) alasily
Gaaldl deay Sleall 13 a5 rluadd o pald Slen Al dye Yoo ) dea Lo )
Cilo JS8 b Aad) lanay ) cpnl) decay s e Sleall Jory Cum (O0all Al o 2,
¢usd empreinte de rétinienne Auill daay e Jpanll W .0 jguall e s )@l (48
Luji A dsedl e ) Aajla Ly e o (ag el g8 e da8Y) lals Gk o0
O AY e 388 e il Clacd ad il ally of el o Al gyl Gl
o8 A ety Llie & ey Myged Lo Tpuigl) ALK A (ailad Laiii Cua
Bpaall Jualially (ailiadll (e desana o (g5ind il O WS Gleall Aadidl bl sl
asiss (WAl add Gn RS Mg A add (e aBSS L) G (ldy) s sl
o paansi Jadny b 3y iy o guiall B il Guall Jad 3y Ay Aal g ve leal)
bl e ld 8 A ail (ailad ce Al o2 (ailad Ljie & (yag Vil A s

0 Slgall @y, ddagiyall

https: //www. futura-sciences. com/sante/definitions/medecine-retine-4322/. (1)

(2)M. Emine Krichen: op,cit «p 2-Y.

(3)Caroline Jean-Meire: les nouvelles technologies et la lute conntre la délinquance: regards
croisés france /royaume-uni <Thése pour le doctorat en droit <Université de Paris 1 Panthéon-
Sorbonne <«école de droit de la Sorbonne <2016 «p11 ).

YY U= séﬂ.m e TR 2aal c;b(i)
p16. <juin 2010 <Plein droit n° 85 «Pierre Piazza: Biométrisation: les étrangers ciblés(®)

tle Jsdie gl Cluldll 4 ¢ Byshll (5l Gurigal)(6)
http: //archive. aawsat. com/details. asp?issueno=8800&article=175893#. W3KqWCTXLIU
(7)Techniques de controle d'acees par biometrie <Octobre 2011 <p14 <http: //www. infcom. rnu.
tn/content/pdf/cours/aline-saidane/systeme-identification/Controles-acces-biometrie3. pdf.
(8)Shideh Homayon: Iris recognition for personal identification using lamstar neural network ¢
International Journal of Computer Science & Information Technology (IJCSIT) Vol 7 <No 1 «
February 2015 ¢p 1 <op. cit <p6.
Les empreintes digitales ne sont plus les seules preuves « infaillibles » de I’identité d’un individu. ()
sur: https: /iAwww. quebecscience. qc. <«Le corps en entier sert de carte d’identité
ca/technologie/reconnaissance-faciale-iris-veines-les-nouvelles-cartes-didentite/.

v

——
 —



-\ dovlond) e \ W o) Ll el feidibls_ololl2le

faay o Lyl Apdiesl Jiludl e ge Pl o legd SSYI o e
Al Aeay padiudy A deay s Bl - gie LS L@l 0 dail
s ) LD EW s (A (Asie ) Zosaall lulil) (e W e s Empreinte de [liris
Ginil) Jlae aallal) o Labasin) <) 4l o dyjia gl Dyseall cilulll ff claad)
NS b Cal) deas Tyl Claad) o cluldll 23508 JUl Ju Jed el
Ay 83eals Clehal) .S ad) Cargr (cVlae Bae 8 Lg)sly MEK ) saanal

LA pally dabiaall eule Uadlly

daad gl muldl ol Golad) ey adind 48560 sasidl clY

Jsall (mmys celsidl Sy canyoel eldgly dupad)l ) culalal) dsa e SED ¢yl
ailes (alisl) L e @Al edpgaal)l MU b LUal 1 i 5 AY)
& ol Amid Gl e Asedl e il ala aadiun WS (Padaiall dapally clayy)
e Gl e Yy dai€y A8aY) sasiall Y 8 ) Cipall cliSle e sl
Jslay €351 A0 (a1 5yl5s Jaladsy Odlatiadl) g &I f colilagl daul sy 4y 5l
Gluldll s salys dy dpad) laldll Gl Al 38Ul s gl YOIA le
Cleas palad¥) Joas Aadlles byl depdll e aell dadle Jal e gl
LS Olalayyes Il gas 1S Jia (gAY Jsall mny XS agl) gat) Le 55085530 i
oo aislly ) Jlaadl b Lo Y cdibiaal) Lgilowse b 4dle it e Yoo llia G
I3 80l ) e e comy —Dlie asiall Lppal) L) g (38 leaSipes Al
& pasasall Gl aa ALl 5ypeall Y S eg ccpall s (hulSl &kl DU
3 8ye JgY Aaylall pda cida V497 A g O padill i e Gaaill (bl sacld

AT Ga Yy A oY 2aadl (Y9 alall ¢ amyl) au\ada.ncébﬂ\

(1) Mamatha R: A Review of Cancelable Biometric Authentication Methods <Journal of Biometrics &
Biostatistics <Volume9 Issue 2 <2018 «p 2.

(2)Frédéric Massicotte: op,cit <p1.

(3)Carol Henderson <Diana Botluk: op,cit <p75.

(4)MM. Frangois BONHOMME et Jean-Yves le conte: rapport d’information «fait au nom de la
commission des lois constitutionnelles «de législation «du suffrage universel <du Reglement et
d'administration générale sur 'usage de la biométrie en France et en Europe «N° 788 sénat
session extraordinaire de 2015-2016 Enregistré a la Présidence du Sénat le 13 juillet 2016 <P8.

(°) .www. researchgate. net/publication/221725309_Personal_identification_by_eyes

(1) www. bayometric. com/biometric-iris-recognition-application

12 Jeff John Roberts: Homeland Security Plans to Expand Fingerprint and Eye Scanning at Borders

(V) .http: //fortune. com/2016/09/12/border-security-biometrics/ «September 2016

(M) .https: //www. bayometric. com/biometric-iris-recognition-application

(%) .www. researchgate. net/publication/221725309_Personal_identification_by_eyes

YA

——
 —



-\ dovlond) e \ W o) Ll el feidibls_ololl2le

L e Gl eV saaiall VAL il Ay B paes @y ogsad
O al) daay Ayl e agle Caailly aliiy)

Ol Aaa Aygall Gl Jeay YoV Al A ) Ggldl) Ll 4 s
Oo Giaill axiis gl e dghagl) Gll) sacl Llads ) Glld) e e Ly
iaas Lgal) Gluldll Aadiuly mawy asY) AV G Ghall 1 gLl 3
Loyl e el AsdlSes cula¥) Lsa e @Al tlayes OV Cseally gl
European Dactylographic — 4yiesull cliball 32l aUas L) By e calayYls
Sl aleel 35 ae (o) e salll s Cilasay pany plaill 138 asy 3 (System
dulyy) Jlee) cul€y . oln 488y Gula Jal o fomedll e cpaleally ddin V¢
Ayl 3 a8 el Aypal) il e alaeVl sal B alladl agd
Liasull o Aygeall ULl 213 Yo oA ubd YA Gyl cGulaall 228V Cangay 25V
Glld) 581 e ey il Glegles sty (s i) giid aUa Glesles Gaua
GalatY) e Ol chdial dygall Gl o gsing Gun el Jon dsiasa
90 a8y A ey Caall 8 colS AaL) DU o 2.0 g1 AU (el

MYy Tdad

Yorf piawnd VY Ayl Yoo £/YYOY 8, 2Dl g1 et e Ciya sy

Sl gyl a8 Al gl luldlls dsa¥) lawd) ulae aais ol

sle YA L pplall Yeaq/ee ) AUl Aadly Delacl Jaall ge aliall

L) Gledl alee a3 Al Yo £/YYOY ) (uladll A Jaan olay Y9
Pelac) Joall e spaball il @iligy il Elilsa & daaall Ay gall bl

(V) .https: //www. bayometric. com/biometric-iris-recognition-application

(2)Pierre Piazza: op,cit,p16.

(3)Reglement (UE) 2016/95 du Parlement européen et du Conseil du 20 janvier 2016 abrogeant
certains actes dans le domaine de la coopération policiére et de la coopération judiciaire en
matiere pénale.

(4)Reglement (CE) n° 2252/2004 du Conseil du 13 décembre 2004 établissant des normes pour les
éléments de sécurité et les éléments biométriques intégrés dans les passeports et les documents
de voyage délivrés par les Etats membres

(5)Reglement (CE) n o 444/2009 du Parlement européen et du Conseil du 28 mai 2009 modifiant le
reglement (CE) n o 2252/2004 du Conseil établissant des normes pour les éléments de sécurité et
les éléments biométriques intégrés dans les passeports et les documents de voyage délivrés par les
Etats members.

Y4

——
 —



-\ dovlond) e \ W o) Ll el feidibls_ololl2le

G ol A Gph oo el e R Al aadid (Al g olag

el sl Glal Cua A€ saniall YIS e ganll MLl (e laye s <l jadll

o5 Aysedl (e 33l 8 Al culudll aladnid ¥ e s £ 4] CilayY) AadlSay el )lan)
O3 pal) Glaad) o cluldl i

sigalal) Wgiady and) daay Gailiad :Lals

Empreinte  ual) daay plosind & awgll ) Jsall e S 8 Adbidall cile Uadl) 4
3 Ay Jeud o5 eyl Aoy L i 50 Claad gy Sl dysgll (10 Gl <dle Toeil
G s (S Al Ay Blats L 4 e cysell (g il ilss (e Laysns Blie Bipjla
o) Al o ) AL (i) e dabe CDIEAL i s il a3 s
gAY Lgall ailiadlly claudl (o dygra SST laysesi Jang (53 Y1 Ay 5ya
Empreinte de 4l daay & Jleiald) 8 lesud JSVI uall daamy (8 ) 13l
it Y «Reconnaissance de l'iris 4l Giyb e 38l duadd o 3 ggi 'iris
(e desana o (ggind il o Jlie) o Al (DA lady) e DAL Cibiss Y
el yaiyg ¢ DAY (i (yo GRS ) Cum cluay) () Bailly Baadll ealially (ailiadl
Reconnaissance damjill b e dysell (e @il Ak awiiy W0 Al (add o
Lals cdusall e aie s ) padlll zlisg Wb (cdglly seall Jis Ll de liris
Haw ¥o22y o ppail e ) kil i S,

e Ol Al gl 4 Plea Yo ) ¢ A 455 ,0Y) Snarnoff 48,8 ek

Al sda yygais WOaalgll AEEA) 8 Uadd Yoo Ay (e Ggiailly el DG Aila
«if Carnegie Mellon (sl )€ daala (e (gialy jell i (Jladl) 131 3 S
ASyall B Ayea (po GEall & ey <Jie VY o A Adle e Gl A el GG

(V) The Intelligence Reform and Terrorism Prevention Act of 2004 (IRTPA)
pslall Adhall Alaall ¢ all daiay Gk e Ausel) o @I oy U1 dadad ¢ S il 83e(2)
100 4a ¢Y oI Y (YY (Ailanyl
(3)Shideh Homayon: op,cit <p 1 <Djili Abdellah Mahdadi Djamel Eddine: op «cit «p6.
VoV La ¢ Gl e ¢S pila B (4)
Les empreintes digitales ne sont plus les seules preuves « infaillibles » de 1’identité d’un individu. (°)

sur: https: //www. quebecscience. gc. <Le corps en entier sert de carte d’identité
ca/technologie/reconnaissance-faciale-iris-veines-les-nouvelles-cartes-didentite/.

——
 —



-\ dovlond) e \ W o) Ll el feidibls_ololl2le

o)l 8 Dlall shall B el Bsa Gob e (Gohl e s SN AN
(Ol 3y Ll bl ST e Lol Ll deay s 8 4l ) dalayl
Jilglly (@AY dgpall claldll e 483 Sy ¢ S JC8 g Uadll Jaae (aliail
O L gana) Ay ¢ saplly ccliladly ¢ g pall lalSSE dysell e Bl dpadal

O LAY e ahla gy pasdl QIS 1Y s 3iEy Gl Ay ()5

oo Aased)l e @l Al e Jaa OladY) 8 depulls (Uil Jare (mlids) )

3 O Gt By (pe i) AR 8N Cun e Vsl Aada) ST e Bl 3k
ol (sal Rl oyl A O b eopadd o o) R B il g o ol e
@i G ORBLE L5 cp S el BnB B B e Yy ORAY e (e Al
Caal gAY nf pe GRS Ghpae dda £ov o Ll W) slde Gl Ca Al
Loo 3l Jim 52V5l dia (JlasY) ool Ity Faae Duaie Liig gl g 5e Wili e el )
oaliasl Yovo A chlas 8y O aidl A et 8 38 Daal) L@l S Ly
callail) 138 282 ¢ pnll Fanmy pellial (ol Ayga (e (3Eall 8 Lol Cilaad) alasi)
O LS oy el Jilasl G el ol il (Sa Y ealie e salaiel
WL i e (Whas lalag) ((Agiassl) ) Lasad) Slacad) sl Zaulall Capall daday
leiilaan s 5yl 25 51 ) ey agall iy 28 Aol sy ol 130800l (00
Ry 8 Gy Gy ¢ olilly A8 e Alle Aapy o pseaill Bieal 58 o ey

21 «Diana Dimitrova: Iris scanners can now identify us from 40 feet away <Anne-Marie Oostveen())
http: //theconversation. com/iris-scanners-can-now-identify-us-from-40-feet-away-42141. «May 2015

(2)Caroline Jean-Meire: op,cit «p11).
(3)Penny Khaw: op,cit, p3 <Neha Kak <Rishi Gupta: Iris Recognition System <International Journal of
Advanced Computer Science and Applications(IJACSA) «Vol. 1 <no 1 <2010 «p34.
(4)Sanjay Kumar <Ekta Walia: Analysis of various Biometric Techniques <International Journal of
Computer Science and Information Technologies <Vol. 2 (4) <2011 «p1596.
(°) www. bayometric. com/biometric-iris-recognition-application
p 1. <Shideh Homayon: op,cit(?)

(7)https: /lwww. bayometric. com/biometric-iris-recognition-application/ <Penny Khaw: op,cit «p4.
(M) www. researchgate. net/publication/221725309_Personal_identification_by_eyes

Lpalall ) (Ligiliy leps SLiall culBy) 8 Laysag digually dppaad) deadl Ul deal (ule (9)
VoYY Glae ¢ Sliall Gagaall 8 Aaal) dalell Jilagl) alasi w4l dey il Cailgal
alall le Gy i pail) and eypally laball S50 cAiaY) aglall Lyyall Cals dmala (Yo 0 V/8 ]

)
. ua
(Y +) www. researchgate. net/publication/221725309_Personal_identification_by_eyes
p4. «cit <DJILI Abdellah MAHDADI Djamel Eddine: op()))

£

——
 —



-\ dovlond) e \ W o) Ll el feidibls_ololl2le

Sl e b a8 Al sl sl i 135 Aysel) aaat b Lidlaas el
LS ¢ palai) pead daaly Gl ey e dlaieV) (Ko Y adl ) daleaYl L gl
3ag iyl ) pad) it el YVl gabad)l paladdl dnally JW) e
s o ool g ey et e 0% I NN Bl ) dnf b e
Doasdll 4y e @il 8 ey e Gas IS5 ool 438 8 dala

Aas dany Cus Al Cuanll (698) e Gy oo Cuaall Qb iS5
Adle \eleay Las camd) o il e guall po Jolim Y (AiSLa By 3l oo 3)le ()
conll A il B i calS gly ARl paled) of e dgala e JS Bhee
08 padd udl lhes uate Lylie) S 4l V) a5 S lede culS 1) 5peally
aaai 3 gl e Sl V) (mey Leenas Ll & k6 a8 Gl 48 of LS AT
b Bmitie culS s Uadll e Bas agag ey 53 a1 (O adnll Bl Allal Ly
Jlae 8 lgiad (po s D & 8 S5 Yy (ol Bani Gl oo Ausel) (e i) ol
L Suall iyl

o il eay Afdisay ddlad pe o (SaY) (a4 Ay @l s,
alaall (S WX ale ST Lo a5 3yaS ol e oy (adll) dpa (e SR
L Celaly (0% v L alail) a8 Uadll L 508 Cust gla " S0dY) Al
oandll By e il alas 8 Uadll Jaee o z2)0elS Gaals 8 slle gy o8 ()4
Y Omadd A 8 OfB Dy Bl A0l Gy ALl aisie cpall i Gob oo
DA e sylie IS A A e up

Y0t (Bl aae (Sa pila B ()
(2)M. Emine Krichen: op,cit <p 9 <Nicolas Morizet: Reconnaissance Biométrique par Fusion
Multimodale du Visage et de I’Iris <These présentée pour obtenir le grade de Docteur
de I’Ecole Nationale Supérieure des Télécommunications Spécialité: Signal et Images <Ecole Doctorale
d’Informatique <Télécommunications et Electronique de Paris <2009 «p23.

AyuSuy) aaladl HSall pla caliY) B Lgas (saay Ad)dll dewadl calall 2o dgena Sus(T)
AT a Y eed
p12. <Alaa Hilal: op,cit (£)
(5)Frédéric Massicotte: op,cit «p75.
el il cigalall 82l ¢ Slindl LYY A apny il Aalell L) ¢ ppd) 2ana Jlon(Y)
Gl Aaala Yoo V/E)/ YO-VY flee ¢ Sliall Gaaatll 8 sl daalall Jilusll alasiul 4y gilall;
Y e cdalal) e lallly calsaill and cigadl 5 luball e cdiaY) aglall Ay el

¢y

——
 —



-\ dovlond) e \ W o) Ll el feidibls_ololl2le

a2l e TH i Y el deay ol OBl Claadl Ay,

el ) ciatiall Allaall aapsiiy Slal) e aliphe (e (Sas thapall pie b Adkal

el Ol 13a S 1Y dapal) e ) TR ) (alid1 e e @iaill b 3

e s clelaa) Lol (Sl ) Joaall LayiS ) daay Gub e a3l 46k
&l s Al

33 Jas sl Jlae 3say asall ddle A siealy ¢ gl L ) 2 lias g LS
Y Slead 8 selal) 0sS8 OlS digsed) e Giadl) & QS S ey yseall A8 axe )
Oyls Al cobil) 3 Uaadlexl) Lo diaed) 3 A 29 ) cdia (<G Jand

COEL ¢ Lala iU il daay 4 O3a5 ccale dac) bl AT duali (g

e sl (e (3aadlly ABaliad) chal (e Gl8a ) Adsdn die (adill An 8 Byan

S agiall ey GUAL ) 8 gl GlSe e adi Al il Glead) Gl
A 4il)

Aslaslaally dsulal) AVl Ll Giyh e dsell e @R Sl Bl ()

& s calaglaall alaill Glral o daladl o gl b e sy Jlasl e

Op Gl axe 2 ey il e sl o RSl S Gadally el bl el

o inamy oA 5 ¢ Slasheall Al 3 2558 5ygealls Cpall dpaal ALl 5y saall
cPlall Gl Jlae (A g

Aal g Al

Cigal) daay

a8 o (geinty el by cpadl bial (8 aagi sha e ple ulill leasgiar Slaadl (V)

ol rgaly ot (e o paddll B e o (e Rdliaal) LSV e Tl die SHEYL o

ol sl Ay ) ¢ Alad) Jaal) 8 aslasiily Ayl daad) JiSg55 5 Apaal cdens deal o

¢ ibsll Lalyll daala ¢ alall Canlly Llall coliahall 40 ¢ yiiale Ay o ashydll 45 & ahaY)
Pl iy VY a YN

https: //www. police-scientifique. com/specialites/empreintes-digitales-et-traces-papillaires
p60. <Diana Botluk:op,cit «Carol Henderson «Diana Dimitrova: op,cit <Anne-Marie Oostveen(Y)

Y

——
 —


https://www.police-scientifique.com/specialites/empreintes-digitales-et-traces-papillaires

-\ dovlond) e \ W o) Ll el feidibls_ololl2le

Cigal) daay 4ala ::igi

Bl Gailadlly cliall (e de genay andy QL)) Giga Gl Cuall el Caig

Slawdl (o iy A dysell (e GERI AT 5 padd (g Jwall Lel) Sl oSay

daay ol ggall Jaedll gyl 8oelld Jidl el oludY) duaddl sl
OEmpreinte de la voix gl

o Claw paddll Gigal Gh ciligall ale Jlae & @bl e aaell s i
Glewdl paai ) deagll MV Glall Jlae A Gslalall Ggutigall Jolags cope oo
Casailly Aggeall Jall mapii o Jlie) e (O AV e Cipa IS Sad ) Ayl
Jae (& gslelall Gy 3.0 &Y (add (e calidd i) Caysats (gsailly (Sisaal
niSally el Glowd) (e degene Slo gsing glal)) Gsa o) e Slisall
Gy Lad gl tcipall (g Ayl Glaall e dasll) b b dysaall el
e i€l land) L) LoLdggeall Jlally ayaially (i) anal ¢ sall Sleally
Bl Y o Appmal) el of Aaadle ge i die 2 Clalay Gl ) Sk
(O gl Ay (and die Lelasind KU1 _gb Gy e niall Cilend) (e A

Radl AT Bapls Aume Aisa 50 00 Dl leb Gl ey Cap Ky

Apsall eyl dam Gigall Gaay dua Oyl el G Adisall Juall il
an e elmel 3o iy (il (e Cargiall 6 sel) AeS G Caliys digual) Jlall
daay axdiuds Ly cagalilly cailly coladlly (LIS gl zoya dlee & L))
Y lal) sieals Juai¥) 3ShaS e cVlae 8 Aysell o Giadll 3 gl

NN = cé..\hn e qé.l.'\b 2aad L2 'CA\J(\)

e illy e ) laall g sall Alsall ¢Lgilalaindy Lgila 1 peall dacay ¢ usgshall e Jale .3 (Y)

YV el Ol 5 &l 05t (e
(3) Pragnesh Parmar: Voice Fingerprinting: A Very Important Tool against Crime <J Indian Acad
Forensic Med. Jan- March 2012 <Vol. 34 <No. 1 «p70 <Lisa Myers: An Exploration of Voice
Biometrics <SANS Institute 2004 «p. 7.

MY Ga b e c@.u&jlaﬂ (e Jale La(¢)
oY ) A1 ashell dappel) s Al ¢ inll Sileadl e cespall ea e o 331 ()

AN e

(6)www. police-scientifique. com/identification-vocale-en-criminalistique <Pragnesh Parmar: op,cit, «
p70.

¢¢

——
 —



-\ dovlond) e \ W o) Ll el feidibls_ololl2le

LS Ol 226 8 Jansall Cgaall 3065 4lSa) arad cpaliil) eV ekl e Liase
Aoy Gl 0o V) 8 Y Al QDAY ) dsasll sajladly sl ¢ Uad (8 padiid
alall miliall e Yoy Jiliall sl il guall daray pladinly 2yl aialy (O Ciguall
Jloe 35 O8aleslad) 5,KI30 8 Ai5iaall 45 puall danadl Canlial V) QL =iy )
& Gisall Empreinte de la voix gl daay aclis of oSey Sladl sl
Cum QIS £ iha A Al s Lo agilpal (o sliall (s Do Lo il
S el Sl Aaall clelnieVly ClaieV) ol (LK Y1 aSladll ey lede caatin)
Alall sl A8l e YT el OEN el Sy S el
Alall e 3l oAbl Alale) 8 agut Cigeall aay Jamy 3 Y1 LA LAY
ey A L300 ASeY) Ulagd ANy 88 ORSlal) Dloall aeaiy cleaSireg
e 0SB Gsasiy Lavies agn obaly Cua lial)l Gmad 5K A8 Gl

(1)https: //www. biometrie-online. net/technologies/voix.
daals (Geiall A ¢ yinale Al ¢ Ahall cliY) A dalall Jilosll daa ¢ Al ely dilae &y (V)
Y Ga (b e QEELY daal L O ja ¢V oY ‘_L:.u;ﬁ“ é).m&\

Y e @l e ! 2aa] webae L2 (Y)
Lisa Myers: op,cit, p10.
(4)The Voiceprint Dilemma: Should Voices «Be Seen and Not Heard? (Maryland Law Review «

Volume 35 | Issue 2 (Article 5 (p267.

Gl YOOA ulaie ¥ 8 plall Yoy A Laad VoY oy ol Tase il oy il e j1ia(0)
B dall Gligiall pads e osilall 1aa PLA e i i) g pdiall Jue g ¢ ouiall Caiall Aa8lSa 330
Lalall Jladl aypaty agin alha Colaniud ) ALY ¢ il clyggall G5lE 8525 Qhall
e aad A Apaial) clibiadly e lein¥) Jaslgill adlses i) e Lty chpaial) gl

- Apuial) el V) AdlSa et Ji5 Al AKaY) e Gl pe ) el el
Loi n° 2018-703 du 3 ao(t 2018 renforgant la lutte contre les violences sexuelles et sexists.
4 G Y e Gl Jhoaelu pellall oy delias e el g s 4l gellal) Jeldl dlel(v)
S Y lgle Sl Jigw sl pelall Jeldll Do) sae oY ¢ A5l imally Aagiall & i)
ool @iy G el 5 LYY (o aas Y Ll clapall Gl e BLEYL SlEaY) A

5o bae Lusally @) dadlgl) Al Lgle il e Jeldll pe canlly el old 3yas aSall e
s o 1958 sae L) Liiad K1 Lajidy 40 €aSall byl w8l onygi Vs il e JY
csacluall oda e oy aii ofs chacluall lgd ciiaa Al dapal) IS5y ) eyl 4y

Cosdie e (300 [ AvY Gy calall Y VA Jol ¥ gl Al el AeSad) Sa
(7)https: //lwww. iilsindia. com/blogs/2018/04/03/legal-position-voice-identification-india/.

¢o

——
 —



-\ dovlond) e \ W o) Ll el feidibls_ololl2le

O ) Cilgay ¢ g S aally o hl) dalai] 3 aadind LS candsay GlSa (gag dlish
Bl YT ol 5L Alaead) cdgliadl il lal) (538 e RS7-11 30l ranss L b Ay
el Cpmaalall Galadl) ddhad AN dalleadl iy YOIT Gole ¥ oAyl Y
g iSl) Adle Gyl ddlal ) Aglall GlehalY) B daads cdlanadl 4y, 5K
o ) Dl o ggsing Dlow il sy Cun Apiagul) Cipeall ZalailS padl
& oaddll agag CLEY) b Gl (LY Slea Ay ) Adhall JSHe I S Jlly
e ill sl Ay ol A} Juui)) Sl caila (I (S cdare (e 2l Gl
(&b 035ns (S2as cAlisn e LAY a4 sl Cumy Alall pBla)) adidl) Ay

K

S AN AL e law) Gok ge 0L Gl daay o il (Sayg

Beal Gob oo 5 B8 o) Gk e e sl ¢ lawy L) @l Gintyg gl
Oads lgilany lpailad dadie ()tas o dfisall bl Jan Al Jadll
lgiblie & ey edilonsy aaaibiod o Capill 6chpall ¢ L) sale) (S Cuny Cgaall
Glaw Gpa JU G Jlie) o i) Gpniad) (il Gipa & sasasall by
Gl Cseall daay o Gl (Kay LS lpal) (e o (0 oha aibads
Lede B 5 lebdais gyl Ciguall el Jaladall Lty ll Jashadd) o) Bppka (e Al
Givall dimadll Slea ash 3 OclpaY) ale b it paladl J8 ge sy
pailiad 43)ies peandi ey e Jashd ) alisats Cigeal) Jidaty Calag ST Cag el
dy oKay Cuny (P4 aiial paddl) Gpa Glia ae Jeaadll Jae Ggeall Glass |

(1)Lisa Myers: op,cit, p. 11-12.
Décret n° 2016-261 du 3 mars 2016 relatif aux traitements automatisés du contréle des personnes (V)
placées sous surveillance électronique et sous surveillance électronique mobile et modifiant le code

de procédure pénale (deuxieme partie: Décrets en Conseil d'Etat)

aslally (3sial) A ¢ pinale Al il @l & lad) LD Eaall Jilugl ¢« ule A (V)
XVga YO =Y O Y Ladall ) K piard daas daala cdalundl

Anala cgiSe G siall A prnale Al (@aal) dlial) liy) A G dlie A2Y o txaly(®)
VA 5a YOIV =Y )Y Dmalad) ) o) i)

o))53€s Al cdapall e Gl Ledle s Al il gl Cpfinal aladinl (gohall i dess taal) ()
YY o Vv d (i daala

1

——
 —



-\ dovlond) e \ W o) Ll el feidibls_ololl2le

e A8 ST bl lealld gy IS Ggall cabia il A o o) elld
4 seall e salls lddl) Lalil) s saeall 3]

oo ol tlgie ¢ nlee sl Wy aailiad § gl clew Jad, Gody
Geall Clew o pS dS0 Jin Al 48l ddil) dalgad) dady o) cpaal)
oalis o gLl ) el o 3 WYl axe o caardl S Aallly el caiailiadg
o8 padd JS Qaliny G ddipall Gl Jlae sl il Calae 5 e
S Afgall Glagdl Zla) 8 4 Lalad) aiph o J<B cadiay) adl el g 1Y)
G Aggall 3 Glawdl Hlae sed CIEN laall W Al ) A8 ga sany e JEY)
Clpal) elede S5 Cun calkiall s seall alslall iy Sgy

S Gl b clede Byland) g oSaill asill Koy Y gaall Laliad) clad) o
.(V):LU)’.&Y UA:\LA;
sigalal) Lgiady Ciguall danay Gailiad :Lals

oaliaily o)) 8 depully —0dl) Ay e Biaill S Cigpal) daay aud
VIl zlan Y ed chisell o 3iail) 8 Aeadall Jilugl) ey Ciyel L 3] oLl
Agsell e 3aals A8abiadll e hal ol Cigeall dasadl IS elgu ¢ Sl (]
ead ealy Jall sa LS iz Clialsars coals shal ) zlas ¥V Ll e Sl

Cpmadia Galadly dlle 28y, il Seal ) liad A (O XL deadl S ol

Odimale Al (ol Gba o danl) 4l Blag GLEY1 5 (il 2o lie Juaid aaly ()
AAGa Y+ oV cAiad) o ghall Ay pal) Cals daala ¢ Llad) chladyal) A0S (Al 45l dluals 4y
sl dead) Jlerind Gliy Y007 5050098 Gty YO T L ¥ 28y o5l Tage Silall 8 aa(Y)
Al ‘K_DS\);J\ :\_U)@.A;M 47\“_)!\ BA.D;J\ gﬁ J}JA.LA) uat;uy\ ‘_Af— uﬂb 4,)5\».43]\ Q‘;b&:}” ‘;A
o Joudatl) Ll 30 gl) dad) (5Ll 1aa Caye a8y o A= oY) gig YY Gyl oYY
s gosill Gaaall (e 38kl e Adhaial)

sapall (d sdie ) sl Adgs 6 A8 Aecadl play Yo) 0 il VA o8 o slal Lebe cpa b
g ysall dmglsall il Adayed " Lal(Y=Y () Y2V 2aalle Yoo udaie Y ol dpas)l)
et alsall il ladll f da gl sl) lend) JAdT5 oy e ohadis Dl Apadd e Jas Al
lially (gssl aeall Jolad (e 28 ) e )sa KU (gssll paeall 8 laall dle 3yil)
" Al sad)

o g AY e c(la e ‘@“’UH\ e Jale Lo @b(r)

1A%

——
 —



-\ dovlond) e \ W o) Ll el feidibls_ololl2le

Y lally Q) el sl dgaladl Jamnsll Bl A5 3 il A8y (jlaal
Sty cadaing Cigeal) (Al anall Jaaeil) dalil S el (e oy ) e ganall gl
S Agsall Blugl) (e sl Alusll o iy caladinl) A gy —elli— gl danay
Jualy S 2% oo A (e @l S dslad) chaly (addll mews ) Al
) e AR A pead) lilead) ehaly Sl dlia Al mug S el el

Oeiad 5ys Glalue J zla3 Y Ll L aslayl

U b fmnaiic Lualle 458 a5 — UNiSYS (s 4855 Lghal dull Gy,
il sl dadie 8 gaal) danay (50— Aplosbead) alaill 8 a¥) yskais el slaall 4
O 5ell e aall b Sy Labadind JSY1 Lpjiasall f dysal)

Empreinte  <guall daiay L Jaad Al Wil 5 culylagyl ol (e a2yl e
S eclpa) Al JlaalSe aliay) A Lad e Jo c¥laa) sac ¢l (é de la voix
O el Jualilly agsal) S g laslly Jloaill Gy clpal) elidly o Cilpall el
sae llia & Y cpaadid)l J8 Gesl galall Jasgll 3 ale Jaiy Laan Y b Gl
Glaslaall 406 02085 Al polill b 8 Aald WY (8 Hd e a5 Glua
(PladY) Gpall S5y deliay Clpall @A salely mad S V) aulalls
Giatl) sl & gy cigall Jlae 8 Gpanadial dea g3 Y O sl Jlels
Alie Y] )iy & ey cAgalall Lalill Ge Al Sy Gy Bl Gpall Gk oo dysed) e
diag o cCageall Belyy c¥laal ) AilaYl (Oiglead) o dnglal) el e ale

S Gl s Gy (QadEl) Gpa 4 aheilly (gl ge il cliaga

(1)Sanjay Kumar <Ekta Walia: op,cit <p1596.

(2)Lisa Myers: op,cit, p4.

(3)www. gsi-security-concept. ch/blog/a/quels-sont-les-avantages-de-la-reconnaissance-vocale-pour-
le-controle-d-acces-biometrique.

(4)Sanjay Kumar <Ekta Walia: op,cit «p1597.
(5)The Voiceprint Dilemma: op,cit «p295.

i il asdy (ol eyl Cilgiall (silE e A=Y YT Bald) ey dpaddl) o elsieV] Gia (1)
Aiilga oy AdLaY) o Cadalli dlyga o ad 3l Cign ddda &b ol zlusdl (1S

ok plise Al mald e oS Al e
Cass,Crim 30 mars 2016, N° de pourvoi: 15-82039, Bulletin criminel 2016, n® 112.

Yoo aplall dggpal) Aagdll )l cdgalad) DU AghaY) Lepdll « ade S sl alay 2 zaaly (V)

. 0¢A,a

¢A

——
 —



-\ dovlond) e \ W o) Ll el feidibls_ololl2le

cJaall sydie 408 I3 Y gd Al e OlaidU A jand)l Jaliay Gud) S Odaall
4 Ml Al e adde il YL Canlg

ilasledll Cigay dgray Gigeall 3)LE) dallas 4 Guacdid) Gialll aal Jsis
Ginall & %) v+ Ay Cgeall damy A e aldieY) (S Y 48 tlug & Oudaill
Gl g 5% ) a1 (3 %Y ) Jemy 38 Uad Jma g cpadll dyga (e
LS LOal clVls 8 %t I dus a5 aafinall Lnplal) Cagylall e Tamy Lol
AV Sy ¥ aly clatls & Wadll o) papd o Jia Gigeall daay e Gl
S eV Lo alae) iy 3 sl Al aea 8 (adidl) Ay (e Rl le
G 359 050 Rapall led 0S5 A VD ol QL Llas (et L oS
ey Augale BHUT & ¥ copall daal Gpall daay e lali L&) L G
dayaall Gl 65 Y el ) ALYl clal) Slaad Ll Jadl s Lo Lol
Asell e il Bl (e Wy A s3eal )z basy

& leillady Chsall deay abadiu) GUai e 3a3 ALl sl AT 8 Sa Y
L SUall Y1 Jlae 3 Lealadindg cpadil) 45n (pe (ia)

&Il o8l
QS‘X’\ :\.Am.a

Aaal) 4jiesnll o dygall Bl e Empreinte de l'oreille (3Y) daay axd
LY G \ghe 5ol Agla) e ddjme Jylaiuy sl (e Giail) 8 deaiiud)
t ol WS el Lgiad s Lpailiad o zyei o o alall Loy Leayd ol ¢ Slal)

N Loy Ll Yj\

(1)www. gsi-security-concept. ch/blog/a/quels-sont-les-avantages-de-la-reconnaissance-vocale-pour-
le-controle-d-acces-biometrique <https: //www. biometrie-online. net/technologies/modalites-
comparatif.

(2) Pragnesh Parmarop,cit «p7Y.

(3) Institut de Recherche en Informatique et Systémes Aléatoires.

(4) https: //www. police-scientifique. com/revue-de-presse/affaire-gregory-la-voix-du-corbeau/.

Lisa Myers: op,cit, «p. 7

¢9

——
 —


https://www.police-scientifique.com/revue-de-presse/affaire-gregory-la-voix-du-corbeau/
https://www.police-scientifique.com/revue-de-presse/affaire-gregory-la-voix-du-corbeau/

-\ dovlond) e \ W o) Ll el feidibls_ololl2le

Lo e iadll 8 lgde slaeV) oSay ) coludy) ana slael e o3V o

O balie ¢ apdiy Aagipe dpale AGda o i@l o34 agliy copd (o ohmaly ¢l
e O s Y L al dpdn o3 A e Lo 2,48 308 Ciljaaas ailad dpdll o3
Olspaly Coymy Lo o mallall o3V e oS tigalall (Y1 1 a dhad) elal 4D

Oy el il ATy (Agpmt ld e sty danlAl) gaud) 5l
agll e 0sSE ) AN Gy cohan i 4y et Gt e Blie (A )
ler 288 ) eCayylimally iyl b lgazany e aliad Ll V) o Sliall 4glly ¢ alaall
Cun i Gadilly s AV (add (e leanany OF) IS8 Calidd (g AY) e 03 US
Y] e O JSE iy dnalad) coludyall T (Ol oY1 e el 3 Calias
Ay oy M3asa0l ff angll julad bl dealse (8 S s ) sl 23
oyt o oyl A (pandll 8 el JEV apallall Aokl Ll o) deay Cip
OV damy Gaaly gamy (p agdnn el ual degadl gualiall (e g
oreillette N par Al 202)) e 22 24as 4ais Empreinte de l'oreille
Al mag Alall s leosale 3 caldd mdaw Y ) Awdle die AL asE aa
glae 83301 o 4l oy o S eJ3ually aal asag axe e oSBU Gl b e
all aahaa o S (il G g land A0 S QLY i e o sl Gyl o st
O &8y S O dacay B 5 ey e [ S5 Jpiall SEY) pl e dadidy
pnlli Bpae Adle e W 80 o) oy ) ety 4l ks ) el e cAagpal) s
fade 5588 o 03] Aaray agliy ¢ Asel (g a3l tlese L V) e S (0 e
sale sl UGsan 58 mhauy) Gud Lavie o1 Jaad L) pus (3 Glisayedl of Laalia
il Ly (B Aeay olicl Aapall piwe o (e axhy (S B A et
padd e Glias oY) ahld ol W) @il pe Wgsad) A paddll Cliges
O el ae ¢33y puagl OWY1 Ay culS LS 58 o) bl culs WSy « AY

—NY e gyt VEYO Liia oY1) daal) Al AL Alae (V) dacay cCausll deas ) 2 e (V)
LAY

Nitin Kaushal and Purnima Kaushal: Human earprints: a review <Journal of Biometrics & Biostatistics ¢
Volume 2 ¢ Issue 5 <2011 «p1.

(2) Li Yuan and Zhichun Mu: Ear Recognition Based on Gabor Features and KFDA « <the Scientific
World Journal «Volume 2014 «p 1.

el Bl Ladlad) s e Lusilly 4dilly il ¢ g 8 Sliad) LAY AT ¢ S0 e 2ena(T)
CEYY a Y)Y ddgasy)

——
 —



-\ dovlond) e \ W o) Ll el feidibls_ololl2le

Gt Yy o bl mdand) e 45)) (il sy die paly JS Gaaat iy el
O il Alglae sl o la) (50 3V e Jaraall 3yma i) gy el 4 i

Clsenall GalasY) dyga 5 O uially jeal) (e GEaall 3] daay alasinl (Sas
I s bl i vie Jlall sa WS cagale Capeally Bpaliil) 3kl maus ¥ Loxie
caigl) 8 O daay il WS e laall Syl (e by S Gaall S 5
oo Slmd (Y4 v R Aald il alily culd SN GLEAY) Qg gsp e oyl
pgeany JULY) uay bl s s JUkY) e capeall Laladin 41l
R 2
L e il ) daay A6 cuadind Al Jeall s e Dayse s
S e Al Al o o) daay ciacle Lusd 8y .0 Sbal) Jladl b palady)
DA e () Glaay Lals Glly sael L b oaag Y 4l Y] i) Sl e
Oo Osd) (A Ayl AN e e s 0N deay el a8 (O 56V Joall Gany
Gaelu bl gy Ol Gliyw sae 5yl Lasha K ey padd e (2l
VAAC ale iagerl) Lani€y ol ) ahall gaaly BE 4y e aiSll o) Ay
dayall e ptll Gl yide J8 e paddl) da (e 38l W) daay pasiod WS ()
oo il 8 sy poyde Al e YooY Al V) A Jee 35 .0 Dl
ehals ulad) dagi  ggpdall 138 Caagys ¢ O el Glall Jlae (& 3 Gy ol
Alal QS Lgalatind) A5lS) (530 Adjras (W) deay Jsn pshailly Glal) (e il
daold) Gleall e due VYYD Chiecat clily sacl cadil G Jal ey oo liadl)
alpes cadlSY) il AMas o Osle Vo oo uE Alle A e yially
Gl Syes cailse dapdailly dualall Gigad) daliiey clailser opdll Gl agaa

(1) Nitin Kaushal and Purnima Kaushal: op,cit, «p2.

(2) Mahmut Asirdizer «Ertugrul Tatlisumak «Beyhan Ozyurt <Mehmet Sunay Yavuz: determination of
the usability limits of auricle morPhology for identification <January 2012 <P 106. https: //www.
researchgate. net

(3) Nitin Kaushal and Purnima Kaushal: op,cit, «p3.

(4) Mahmut Asirdizer <Ertugrul Tatlisumak «Beyhan Ozyurt <Mehmet Sunay ,op,cit <P 106.

(5) www. leparisien. fr/vitry-sur-seine-94400/val-de-marne-on-s-arrache-le-sherlock-holmes-de-I-
oreille-30-10-2017-7364121. php «www. leparisien. fr/insolite/un-cambrioleur-confondu-par-une-
empreinte-d-oreille-a-lyon-31-05-2013-2853523. php.

(6) http: /lwww. lefigaro. fr/actualite-france/2013/05/31/01016-20130531ARTFIG00528-lyon-
comment-la-police-a-traque-le-voleur-a-I-oreille. php.
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(8) Nitin Kaushal and Purnima Kaushal: op,cit, «pY.
(9) The Forensic Ear Identification (FearID)
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(1) https: //cordis. europa. eu/project/rcn/61414 en. html.

(2) Lynn Meijerman: Earprints as evidence? <24 February 2006 <https: //phys. org/news/2006-02-
earprints-evidence. html.

(3) Nitin Kaushal and Purnima Kaushal: op,cit <p3.

(4) Kapil Verma <Bhawana joshi and Anju mathai: Ear Prints: Attractive evidence in forensic criminal
identification <International Conference on Forensic Research & Technology October 15-17 <2012
DoubleTree by Hilton Chicago-Northshore <USA <https: //www. omicsonline. org/2157-
7145/2157-7145-S1. 007-016. pdf.
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(1) Nitin Kaushal and Purnima op,c:it, p4.

(3) Mahmut Asirdizer <Ertugrul Tatlisumak <Beyhan Ozyurt <Mehmet Sunay Yavuz: op,cit, p 106-110.
(4) L. Meijerman ¢A. TheanandG. J. R. Maat: earprints in forensic investigations <Forensic Science
Medicine and Pathology - January 2005 ¢«p175-176.
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Nitin Kaushal and Purnima Kaushal: op,cit <p1.

(2) L. Meijerman ¢A. TheanandG. J. R. Maat: op,cit, «p168.

(3) Lynn Meijerman: op,cit.

(4) Dave Mosherdave: ears could make better uniqueids than fingerprints <https: //www. wired.
com/2010/11/ears-biometric-identification/.

(5) L. Meijerman ¢A. TheanandG. J. R. Maat: op,cit .,p VA
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Directive 2012/13/UE du Parlement européen et du Conseil du 22 mai 2012 relative au droita ()
I'information dans le cadre des procédures pénales.

Décret n° 2017-1641 du 30 novembre 2017 pris pour la mise en ceuvre de la création du service (Y)
central de la police technique et scientifique.
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(2) Rémy Cabrillac <Marie-Anne Frison-Roche: Thierry Revet <Libertés et droits Fondamentaux «
Dalloz <16éme édition <Paris <2010 «P 179.
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Ecole des hautes études en sciences <David Samson: Des identités de papier a I'identité biométrique

https: //www. memoireonline. <sociales - Master 2 de théorie et analyse du droit 2009
.com/12/13/8127/m_Des-identites-de-papier--I-identite-biometrique36. html
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«e Conférence internationale des Commissaires a la protection des données et a la vie privéeYVLa (V)
cartes «Résolution sur I’utilisation de la biométrie dans les passeports <Montreux 16 septembre 2005
d’identité et documents de voyage:

https: //edps. europa. eu/sites/. . . /07-09-28_montreal_passenger_fr. pdf

Réglement (UE) 2016/679 du Parlement européen et du Conseil du 27 avril 2016 relatif a la ()
protection des personnes physiques a I'égard du traitement des données a caractére personnel et a la

et abrogeant la directive 95/46/CE (réglement général sur la protection «libre circulation de ces données
des données) (Texte présentant de I'intérét pour I'EEE)

(4)la Commission Nationale de I'Informatique et des Libertés (CNIL).
(5)www. cnil. fr/fr/biometrie-disposition-de-particuliers-quels-sont-les-principes-respecter.
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(1)Jorden Bailey: the gdpr’s fingerprint legal implications of the gdpr for the use of biometric data
by private parties <master thesis <Im Law & Technology <Tilburg University <2017 «p37.
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(3)Jean-Philippe Foegle: Sans doigt «ni loi: La CJUE donne son « feu vert » a la biosurveillance <La
Revue des droits de I’homme [En ligne] <Actualités Droits-Libertés «mis en ligne le 28 juillet 2015 «
consulté le 01 octobre 2016 «P14.

(4)Sylvia Preuss-Laussinotte: Protection des données personnelles(Biométrie) <La Revue des droits de

I'nomme <Actualités Droits-Libertés <le 05 décembre 2008 «consulté le 25 novembre 2017 «p 2.
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(6)www. soprasteria. com/media/communique/la-police-norv%C3%A9gienne-fait-le-choix-de-la-
solution-biom%C3%A9trique-steria-pour-transformer-et-moderniser-sa-proc%C3%A9dure-de-
conduite-des-enqu%C3%AAtes-criminelles#.
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Proposition de loi visant a limiter I'usage des techniques biométriques()
http: //www. assemblee-nationale. fr/15/pdf/propositions/pion0062. pdf.
aux fichiers et aux libertés. <Loi n®78-17 du 6 janvier 1978 relative a l'informatique(Y)

http: //www. brunolhermet. com/libertes-publiques/proposition-de-loi-visant-a-limiter-lusage-(¥")
des-techniques-biometriques-adoption-su-senat/.

(4) Proposition de loi visant a limiter |'usage des techniques biométriques <http: //www. senat.
fr/rap/113-465/113-4654. html.
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portant renforcement de Directive (ue) 2016/343 du Parlement européee et du conseil du 9 mars 2016
certains aspects de la présomption d'innocence et du droit d'assister & son procés dans le cadre des
procédures pénales.

Ordonnance du 6 décembre 2013 sur le traitement des données signalétiques biométriques(Y)
Le Conseil fédéral Suisse. ¢
I'Office fédéral de la police (fedpol). (V)

Ordonnance du 14 juin 1993 relative a la loi fédérale sur la protection des données. (¢)
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Ordonnance du 9 décembre 2011 sur I'informatique et la télécommunication dans I'administration ()
fédérale.
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The New Rules Regarding the Protection of Secrets in Case of the Participation of Third Parties in (})
which entered into force on <the Exercise of Profession of Persons Subject to Duty of Secrecy
2017. <November 9
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(1) Bensalem Nawal : La police posséde plus de 8. 800 empreintes d’oreilles: dans quel(s) but(s)? «
Publié le samedi 15 juillet 2017 <http: //www. dhnet. be/actu/faits/la-police-possede-plus-de-8-800-
empreintes-d-oreilles-dans-quels-buts-5968e4b9cd70d65d24c2f8ec.

(2) www. police. be/5998/fr/a-propos/directions-centrales/direction-centrale-de-la-police-technique-et-
scientifique.
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