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1, INTRODUCTION

1.1, Most of the identification techniques proposed for safeguarding fissile
materials must give "tamperproof unique'' identities and not only an
identification number. These techniques make use of certain random
properties of the structures containing the fissile material or of the
fissile material itself.

The physical or technological process used to reveal the properties

assuming the unique identity might be / ref. 16 /

- optical techniques
- radiographic techniques
- electromagnetic techniques

- acoustic techniques

1.2. The development work performed at the J.R.C. ISPRA on unique
identification methods is principally based on ultrasonic Non Destructive

Techniques.
1,3, The aim of this report is to give an exhaustive description of the

ultrasonic technique developed for identification purposes. The different

applications of the method are described.

2, BASIC PRINCIPLES OF ULTRASONIC TESTING OF MATERIALS

In very general terms, the use of ultrasonics for material testing involves
the conversion, with a piezoelectric transducer, of an electrical signal

into a high frequency mechanical vibration. This vibration which is a pure
pressure wave, when sent into a specimen propagates itself until a change
in acoustic impedance results in a partial or total reflection of the pressure

wave,






This coupling method is inconvenient if reproduceable results are expected
and particularly when a mechanical scanning has to be performed.

Since water, unlike air, is a good conductor of ultrasonic energy, it is
used as a medium to transmit the ultrasonic wave produced by the crystal
to the material to be tested,

Considering Fig. 1, when the transducer is energized, a burst of sound
waves is imparted to the water. This burst travels through the water and
in a few micro-seconds reaches the test piece. At the water to metal
interface, the acoustic wave is partially reflected, due to the impedance
mismatch, and partially propagated into the metal part, The burst energy
is split into two portions, each traveling in opposite directions along the

same axis,

The wave propagating into the test piece, when reaching the flaw splits
again due to the acoustic mismatch as it did at the water metal interface,
The only energy continuing in the metal part is that which has circumvented
the defect. This part of the sound wave is then reflected from the bottom

of the test piece.

Due to the different distances traveled, the various portions of the original
pulse arrive back at the transducer at different times. When this informa-
tion is displayed on an oscilloscope, it appears as a series of pulses as

shown on the bottom line of Fig, 1.

For further literature, see Ref. (1) and (2).
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The exploration mechanism must provide the rotation of the tube and also,
in order to insure perfect synchronization, the rotation of the facsimile
recorder drum. Another part of the exploration mechanism provides for
an axial displacement of the transducer over the weld seam, The quantizer
is an electronic apparatus which enables electrical analogue signals to be
quantized into predetermined levels before feeding them to a facsimile

recorder,

The facsimile recorder makes its recording by drawing an electrosensitive
paper between two electrodes when current, related to the analog signal,

is passed between them. In the MUFAX recorder (Ref. 4), one electrode

is a stainless steel blade and the other a nickel chrome wire helix mounted
on the periphery of a rotary drum. As the drum totates, the point of contact
between the paper and the electrodes moves across the paper in a series

of closely spaced lines, Electrolytic action at the point of contact causes

a black deposition of iron from the blade onto the paper. The drum rotates
in time with the tube to be tested so that one rotation corresponds with

one line on the recorder paper, The advance of the paper is produced by

a gear-down action in the recorder itself,

On the obtained document, (Fig. 5), the abscissa shows the angular position
of the developed tube, the ordinate the length of the welding in the direction

of the tube axis,
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As can be seen on both weld control documents, the weld seam geometries
differ greatly from one to another., Each geometry is unique and specific
to the weld concerned. This document could easily be used as an identity

or signature for the corresponding fuel pin.

The use of a natural mark for indentification purposes is not always the ideal
solution. It often leads to a rather difficult reading of the identity and may
also be difficult to transform into digital information if the identity has to

be computerized. Therefore, a more convenient solution is to mark the

test piece if possible, with artificial inclusions,

5. USING ARTIFICIAL MARKS FOR IDENTIFICATION PURPOSES

It is possible to introduce into materials artificial marks which can be
ultrasonically detected. If these artificial marks (inclusions) have good
reflection conditions for the ultrasonic wave and if they are randomly
dispersed, the ultrasonically obtainable information is unique and corres-

ponds to a real identity or '"signature' (finger print).

5.1, Choice of the type of inclusion

Every material has a characteristic acoustic impedance, Z, which is
defined as the product of density © and the wave velocity c (usually

longitudinal), Impedance is then given by:

Z =0c kg/mz/sec.

where P = density, kg/m3

velocity, m/sec

¢
1}
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When a plane wave propagating through a medium of acoustic impedance
Z1 encounters under normal incidence another medium of acoustic

impedance Z_, one part of the wave is reflected and another part is

2
transmitied into the second medium.

medium medium

1 2

incident wave (intensity Ii)

—~—
transmitted wave (intensity It)
=

reflected wave (intensity Ir)

-

The ratio between reflected wave intensity, Ir, and incident wave

intensity, Ii, is given by the reflection coefficient R (Ref. 1)

2
7z -
R=Ir =(Z Zl) (1)
Ii ZZ+Zl

The ratio between transmitted wave intensity, It, and incident wave

intensity, Ii, is given by the transmission coefficient T.

" 4 2, 2,
T=5 = > (2)
+
(Z, +2,)

The sum of the reflection and transmission coefficient is unity; i.e,
R+T-=1

The above defined reflection and transmission coefficients refer to the
relative intensities of the reflected and transmitted wave in relationship

to the incident wave.
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If we consider the relative acoustical pressure, we have: (Ref. 1)

Z_ - 2 Z
ZZl

2 .
R' = —o and T' = —2 (3)
+ Z_ +
ZZ Z‘1 2 Z1

As an example, we calculate R' and T' on the water/steel interface

taking into account the equation (3)

Z1 (water) =1,5x 106 kg/mzs
6 2
Z2 (steel) =45 x 10 kg/m's
Then
45 - 1,5 2,45
Vs V2 eee—
R 45 + 1,5 0,935 T 45 +1,5 1,935

Expressed in percentage the reflected wave has 93,5% of the sound
pressure of the incident wave. The transmitted wave has a sound pressure

of 193,5% of the incident pressure.

Considering the steel/water interface, we obtain following equation
(3):
1,5 - 45 2.1,5
! - - - ! T ct—— =
R 1,5 +45 0,935 T 1,5 +45 0,065

In percentage, the reflected wave has - 93.5% of the incident sound

pressure and the transmitted pressure 6.5% of the incident pressure,

The negative sign indicates a phase inversion in relationship to the

incident wave,

It seems strange that the sound pressure exceeds 100%,

However according to the intensity equation:

2
1 P 2
I = A W/m

where P = sound pressure in N/m2

Z

) 2
acoustic impedance in kg/m"’s



the intensity (or energy per unit time and unit area) is calculated not
only from the sound pressure but also in function of the acoustic
impedance. As the acoustic impedance of steel is much greater than
the impedance of water, the intensity of the transmitted wave is much

smaller in steel than in water but the sound pressure is much higher,

If now, for identification purposes, we intend to put inclusions of one
material into another, the most important factor to take in account is
their relative acoustic impedance.

In fact, looking at equations (1), (2) and (3), it is clear that the best

reflection coefficient is obtained when Z1 >> Z2 or Z1 << ZZ'

Table 1 indicates the reflection coefficients of some materials which
have been taken into consideration for identification purposes. These
values taken from Ref. 5 were calculated on the basis of equation (3).
Phase reversal is characterized by a negative value of R and occurs

in the case of reflection on a sonically softer material, As it is more
convenient (for instrumentation purposes) to obtain a reflected signal
in phase, the reflection conditions we have to look for are:

Z << Z
1 2



MATERIAL £ ?
— =]

b — L g H S :EJ 3 M S

Z g Q ot g ) o - w 3 o

2 0, ~ n s > Q0 it Y Q "

) i~ . & = S g g = S

&} Z 0 2 o i = N

< = =
Z
1
Zy 41 50 44,8 17,3 38 64 69 99 1,48 3,2
Plexiglass 3,2 }+ 86 + 87 + 86 + 68 + 84 + 90 + 88 + 93 - 37 0
Aluminum 17,3 |+ 42 + 47 + 45 0 + 37 +57 +51 + 70 - 84 + 68
Stainless Steel 44,8 |- 32 + 29 0 - 45 - 91 +16 +86 | +36 - 94 | - 86
Water 1,48 §+ 93 + 94 + 93 + 84 + 92 + 95 + 94 + 97 0 +37
o . . . 6 2
Z_ = acoustic impedance for tlongitudinal waves in 10 kg/m"’s.

1

Table 1 : Reflection coefficient in % at boundaries and normal incidence.,

Ll
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5.2. Choice of the frequency of the ultrasonic transducer

In order to determine the most convenient frequency for detecting inclusions
in a material, different parameters must be taken into account. Most
important factors are: the dimensions of the inclusions, the grain size of
the basic material and the absorption of the ultrasonic wave in the basic

material.

5.2.1. Dimensions of the inclusions

A longitudinal wave traveling through a medium Z1 is reflected by an
inclusion Z2 if the dimension of this inclusion is large compared with the
ultrasonic wavelength, In other words, if small inclusions have to be
considered, a high frequency transducer has to be used (A = % }. In Table 2,
some values of the wavelength are given for the basic materials taken

into consideration for identification purposes.

frequenc
duency 1 MHz 5 MHz 10 MHz 15 MHz 20 MHz
materia
Plexiglass 2,7 0,53 0,27 0,18 0,13
Aluminum 6,32 1,26 0,63 0,42 0,31
S. Steel 5,90 1,18 0,59 0,39 0,29
Water 1,4 0,29 0,14 0,09 0,07
c
(mm) = T ¢ = sound velocity f = frequency

Table 2 : Wavelength in different materials as a function of the frequency

5,2.2, Grain size structure

The grain size of the basic material has to be considered with reguards to the
wavelength of the ultrasound. No defined rules exist (at this proposal)
while grain size cannot be considered as an independent parameter; many

others, difficult to determine, are also involved: anisotropy, grain boundaries,
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The effect of grain size for non destructive testing with ultrasonics is
that when the grain size is equal or greater than the half wavelength of
the ultrasound scattering may occur.

By scattering we mean that the ultrasonic wave is divided into different
waves propagating in radom directions. This phenomenon, repeated at
each grain, produces a diffusion of the ultrasonic wave so that only a
very small part of the incident energy returns to the transducer.

For the practical determination of the ultrasonic frequency in function

of the grain size, an experimentally defined guide-line could be: (Ref. 1)

- when grain size is of the order of magnitude of between 0.001% and
0.01% of the ultrasonic wavelength no scattering occurs; on the other
hand for 0.1% of the wavelength, scattering can be so strong that no

further control is possible.

5.2.3. Absorption

Absorption is the direct conversion of sound energy into heat.

The absorption has the effect of weakening the transmitted energy and
also the energy of the echoes from the inclusions or the backwall, As a
general rule, it may be considered that the absorption is directly propor-
tional to the frequency,

The absorption effect can be compensated by the ultrasonic instrumenta-

tion increasing the transmission pulse voltage or the amplification,

5.3. Other characteristics of the ultrasonic transducer (6.7.8.)

5.3.1. Diameter of the piezo-electric element

As in optics, the directivity of the propagated energy is determined by the
D/ ratio, where D is the diameter of the piezo-electric element and )
the ultrasonic wavelength., The dispersion angle of a piezo-electric element
of one wavelength diameter is approximately 45 degrees.

When D = 4), this angle is about 10 degrees.
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In order to obtain good directivity, i.e. with a dispersion angle of less than
5 degrees, a minimum D/)\ ratio of 20 is recommended, Table 3 lists for
frequencies between 0,5 and 30 MHz, the diameter of the piezo-electric

material corresponding to 20 wavelengths,

Frequency MHz A (mm) in water 20 A (mm) in water
0,5 2.98 59.6
1 1.49 29.8
2.25 0.662 13.2
4 0.372 7.44
5 0.298 5.96
6 0.248 ' 4.96
10 0.149 2.98
12 0.124 2.48
15 0.099 1.96
20 0.074 1.48
30 0.050 1,00

Table 3 : Recommended minimum crystal diameter (20 )

5.3.2. Pressure distribution along the acoustic axis of the transducer

The pressure distribution along the axis, for a circular, flat piezo-electric

element is given by the mathematic relation: (6)

P = 2 E sin (ka2/4x) (4)
where P = pressure on the axial line
E = relative maximal amplitude
a = radius of the piezo-element
= distance
k = (w/c) =(@af/c = (27 /N)
¢ = sound propagation velocity

A = wavelength of the ultrasound
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The far field extends outward from the last peak of the energy pattern,
+ -
The axial positions of the maxima (y ) and minima (y ) for plane circular

piezo-electric element can be described by the equations:

2 2 2
. A n
+=4a A (Zm 1) where m =0,1,2,3 ... (5)
43 (2m+1)
a 2 m
y = ;an\ where m =1,2,3 ... (6)
i\
+ o . .
where y = position of maxima along the central axis
y = position of minima along the central axis
a = radius of the piezo-electric element
A = wavelength of sound in the considered medium.
2

As 7 is insignificant in water compared to the radius, the last peak

where m =0 in equation (5) reduces to:

2
+ 2 d
v, = a /A iy (7)

NN

where d = piezo-electric element diameter,

As can be seen in Fig,., 6, in the near field, the energy distribution is
not homogeneous; on the contrary in the far field, the homogeneity is
much better, It is therefore desirable to perform the ultrasonic inspec-

tion in this area, i.e. in the far field,

Table 4 indicates the calculated values, on the basis of equation (7) of
the y: distance in mm, for some frequencies between 1 and 30 MHz and
for piezo-electric element diameters from 1 to 32 mm,

The scaled line indicates the 20 A limit. These calculated values are

graphically represented in Fig, 7.



Diameter of the piezoelectric element (mm)
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1.0 | 2.25| 4.0 5. 6.0 {10.0 |12.0 15.0 |20.0 30.0
1 2 2,5 3,4 5
2 L gl 6 8 10 13 20
3 Yo ° TN 6 7 9 15 18 23 31 45
4 ‘ 10 13 16 27 32 41 55 80
5 16 21 25 42 51 64 86 125
6 13 | 24 30 36 61 73 92 124 180
7 18 | 33 41 49 83 100 125 168 245
8 24 | 43 53 64 108 130 164 220 320
9 30 | 54 68 81 137 165 207 279 405
10 16 37 | 67 84 101 169 204 256 344 500
11 20 45 | 81 | 101 122 205 246 310 417 605
12 24 54 | 97 {121 145 244 293 369 496 720
13 28 64 114 | 142 170 286 344 433 582 845
14 32 74 {132 | 164 197 332 400 502 675 980
15 37 85 |152 | 189 227 381 459 576 775 1125
16 42 96 |172 | 215 258 | 433 522 656 882 1280
17 48 109 |195 | 242 291 489 589 741 996 1445
18 | 54 122 {218 | 272 327 549 661 830 (1117 1620
19 60 136 | 243 | 303 364 611 736 925 1244 1805
20 67 151 {270 | 336 404 677 816 | 1025 |1379 2000
21 73 167 1297 | 370 445 747 900 1130 |1520
22 81 183 (327 | 406 488 820 987 | 1241 |1668
23 88 200 | 357 | 444 534 896 | 1079 | 1356 |1824
24 96 218 1389 | 484 581 976 | 1175 | 1476 |1986
25 | 104 236 422 | 525 631 {1059 | 1275 | 1602 |2155
26 | 113 256 | 456 | 568 682 | 1145 | 1379 | 1733 [2331
27 | 122 276 [492 | 612 736 [ 1235 | 1487 | 1869 |2513
28 | 131 296|529 | 658 791 [1328 | 1600 | 2010 | 2703
29 | 141 318 1568 | 706 849 | 1425 | 1716 | 2156 | 2900
30 | 151 340 | 608 | 756 909 {1525 [ 1836 | 2307 3103
31 | 161 364 | 649 | 807 970 [ 1628 | 1961 | 2464 | 3313
32 | 171 387 | 691 | 860 | 1034 | 1735 | 2089 | 2625 | 3531

+
Table 4 - Distance of the Yo point in water.







25

5.3.4. Focused ultrasonic transducers

In order to obtain separate echoes from two inclusions, near each other
and equi-distant {rom the transducer, a narrow ultrasonic beam must
be used so that both inclusions are '"seen'' separately by the ultrasonic
wave.,

On the other hand, to obtain a maximal reflection, the inclusion should
have the same dimension as the sound beam. For small inclusions (i.e.
much smaller than the diameter of the piezo-electric element), both
above mentioned conditions can only be fulfilled by using spherically
focused transducers.

In fact, for flat transducers, we have seen in Fig, 7 that at high frequencies
the y: distance in water is quite large and because of dispersion, the
beam diameter is at least equal to the crystal diameter or even greater.
As described in Ref., 6 and 8, focusing of the ultrasonic beam is possible
with the use of lenses. As the propagation velocity of ultrasonic waves is
lower in water than in plastic materials, concave lenses made of araldite
or perspex are used for focusing the sound beam. The two parameters
characterizing the focusing of a transducer are: the diameter of the crystal
and the radius of curvature of the lens,

Focusing a transducer always has the effect of reducing the y: distance
and is only useful for immersion techniques,

Using focused transducers, the part of the sound beam to use is the focal

+
zone i.e., the zone around the v, point as indicated in Fig., 8.
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f) The connection cable must be electrically adapted to the transducer
and also to the generator, When long cables are to be used, the adapta-

tion of this cable becomes more and more critical,

Some examples of change in characteristics due to the components are

given hereafter and their effect versus a reference transducer is mentioned:

- crystal frequency is different: results in a different resonant frequency,
a displacement of the whole frequency spectrum, a variation of the beam
characteristics due to the different ratio of wavelength to diameter of the

transducer,

- damping element (backing) is different: results in a wider or a narrower

frequency spectrum,

- crystal to lens bonding is imperfect: results in a considerable modifica-

tion of the soundpressure of the emitted beam,

- crystal to backing bonding is imperfect: results in a considerable modifica-

tion of the frequency spectrum,

- other lens characteristics: result in 2 modification of the sound beam

(focal distance, beam diameter...)

- excentricity of the crystal in its housing : produces a misalignment of the

mechanical and the acoustical axis of the transducer,

- crystal not mounted perpendicularly to the mechanical axis of the housing:
results in an important misalignment of the mechanical and acoustical

axis.

Due to the great number of parameters having a more or less important
effect on the transducer characteristics, it is easy to understand that it
is quite impossible to produce series of transducers with exactly the same

electrical and acoustical characteristics, It is therefore necessary, when
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6. DEAD ZONE

We have seen in § 5,1 that when an ultrasonic wave propagates in a medium
Z1 and enters in a medium ZZ’ a part of the incident wave is reflected.
When using the immersion technique the first medium is generally water,
The second medium, according to the identification purpose, is plexiglass,

aluminium, or stainless steel,

Considering the reflection coefficients of Table 1 for these different media,

we find:

water - plexiglass :37%
water - aluminium : 84%

water - stainless steel : 93%

This important quantity of reflected energy at the interface produces the
"entry echo' visible on the screen of the ultrasonic instrument. The width
of this echo is proportional to the reflection coefficient and produces a
more or less large '"dead zone' which impedes reflections from near

surface inclusions,
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(identity) can easily, if necessary, be transformed into digital information.
In order to insure good and reproduceable coupling conditions between the
transducer and the MTR plate, the measurement is made using water as
couplant.

The practical tests made in our laboratory have given very good results,
The method may be considered highly useful for identifying single fuel
plates.

If, on the other hand, the identity measurement has to be performed on a
mounted MTR fuel bundle, the mechanical scanning becomes so complicated
that yet another identification me thod has been developed (rivet seal, see

further) Ref. (13) (14).

7.2. The use of seals for identification purposes

7.2.1, Types of seals

As itis not always either possible or desirable to put artificial inclusions
in materials which have to be protected by a tamperproof identification
(or signature), the J.R.C. Ispra developed a series of seals having an
inherent signature and which can be used when no natural marks are

available Ref.(9) (10) (13) (14).

Basically three types of seals have been realized:

- ""general use' seals, for sealing containers, doors, etc...

which are already used by the Safeguard Directorate of Luxemburg,
- LWR or '"cap'" seals used for the identification of LWR fuel bundles,

- MTR or "rivet" seals used for the identification of MTR fuel elements,

All these seals can be identified in all environmental conditions (air, water,
irradiation and temperature) using the same principle and an electronic
portable or static apparatus; only the mechanical scanning has to be adapted

to each type of seal.
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7.2.2. Fabrication

The general characteristics for the fabrication of marked seals were
already described in the report of Ref, (13). The main characteristics
of the seals (composition, geometrical forms, types of inclusions) depend

on their practical applications.

Different methods, using the powder metallurgy techniques have been

set up for different types of seals:

- with a light matrix (plexiglass, aluminium, SAP) containing inclusions

(bronze, tungsten, etCa..)

- with a heavy matrix (stainless steel) containing inclusions (tungsten) or

without inclusions but identified by their own particular structure.

7.2.3. Instrumentation for identity measurement with ultrasonics

The complete identification system is composed of three basic elements:
a mechanical exploration mechanism, an ultrasonic instrument and a

recorder (Fig. 16).

The mechanical exploration mechanism has to position the transducer very
precisely and on the other hand to rotate the seal regularly around its
mechanical axis. The mechanical tolerances of the transducer positioning
system Ref. (15) and the difference in characteristics of various transducers
of the same type and fabrication serial, can be defined (§5.3.5.) after a

parametrical study to be performed for each application case.

The ultrasonic instrument.

Using a standard industrial ultrasonic apparatus, very satisfactory

results were obtained as was shown by the parametrical study. Anyway,

in order to increase the quality of the results, some modifications were
made to the commercial instruments to render the position of the electronic

gate highly reproduceable.

For measurements on the spot, a portable apparatus is currently under
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In order to illustrate the great importance of precise gate setting, let us

consider two particular conditions:

- due to the drift of the gating circuit, the entire gate shifts to the left in
such a manner that a part of the entrance echo is permanently inside the
gate (e.g. 50% amplitude). This results in a shift of the base line of the
identification document to 50% amplutude when no inclusions are "'seen'
by the transducer, Only these inclusions producing echoes higher than
50% will modulate this base line. It is clear that under these conditions,

the original identity is completely modified.

- due to the drift of the gating circuit, the gate width decreases.
Here the base line remains in its normal position but the information
due to inclusions whose echo is now outside of the gate is lost. The

identity obtained is here also modified.

The digital gating circuit developed at J.R.C. Ispra eliminates these

dangers as the circuit is completely drift free,

Axial exploration : The axial exploration must be considered more as

an integrity control than an identity check. This measurement should
principally reveal that the seal has not been tampered . Therefore,

once more, the gate positioning is very critical: i,e, for the box part of
the seal, the gate width must be set in such a manner that the end of the

gate is as near as possible to the '""end echo' of the seal (Fig. 22a)






For this measurement, it is not absolutely imperative to have information
from inclusions, We then obtain a document with zero information, If the
seal has been tampered the level at which it must break is the zone

of the notch in which the retainer ring is fixed. When testing the box in
these broken conditions, an important echo (the new "end echo'’) will appear
in the gate and reveal tampering. If on the other hand, the broken part is
glued into its original position, the glue, being a medium with a different
acoustic impedance, produces an echo which also appears inside the gate

and indicates tampering.

For axial exploration of the cap part of the seal, the principle is the same
as that for the box part i.e. the sound beam must penetrate the leg as
shown in Fig. 22b and the "end echo' must be visible. As this leg is very
narrow, a fixed echo appears in correspondance with the upper edge of the
notch. This fixed echo impedes the positioning of the gate in the same way
as for the box, In this case, the solution retained is to monitor the ampli-
tude of the "end echo'', The gate is therefore set in such a way that it
covers only this '"end echo' (Fig. 22b). The gain setting of the instrumenta-
tion is increased in order to bring the amplitude of the back echo to 100%.
The recorder document will now indicate, when no inclusions interrupt the
sound beam, a constant level at 100%. Eventual inclusions cause a momentary

decrease of this 100% amplitude line.

Constructively, this part of the seal is dimensioned so that, when a tampering
attempt occurs, the lower part of the leg breaks at the level of the retainer
ring notch, The ultrasonic scanning of the broken leg produces an '"end echo"
out of the gate and no more information exists inside the gate. The original
100% information changes into a zero information and clearly indicates

tampering.

Note: The gate setting for monitoring the '"end echo' amplitude can also

be used for the box part of the seal as shown in Fig. 19,
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Up to the present time the different materials used are: plexiglass with
bronze inclusions, sintered aluminium powder (SAP) with tungsten inclu-

sions and stainless steel with tungsten inclusions.,

Referring to paragraph 5, a great many factors must be taken into account
in order to optimize the testing conditions for each type of seal. Our aim
has been to define practically the constructive parameters and the testing
parameters in such a way that the fewest possible interchangeable parts
need to be used when passing from one type of seal to another. In practice,
we could find experimentally one single transducer able to measure out

the identity of all the above-described seals,

Of course, measurement conditions such as: gain setting, mechanical
positioning of the transducer, gate setting, are different for each type of

seal but these settings are basically defined in our laboratories.

In the portable prototype at present under development, the identity
measurement will be still further simplified. The most important changing
parameters are: suppression of the display on a cathode ray tube, automatic
gain setting and simplification of the identity document due to the use of a
new type of recorder developed for this purpose in our laboratories.

Optionally, a digital output can be incorporated.






52

10. CONCLUSION

All the diiferent types of seals developed up to now in our laboratories

can, using the same basic principle, be identified ultrasoni cally,

The obtained signature can be a photograph or an item of analog or digital

information.

For further applications other seals can be developed, always using
the same principle, The identification conditions must be defined for

each individual type in a laboratory.

Remote identification can be performed but somewhat more sophisticated

circuits are recommended.
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