Priloha ¢.1 Technicka Specifikicia poniikanej zostavy

Sonic tree-tomography Arbotom
Hodnotenie stability stromov akustickou tomografiou (hodnoti sa priecny rez kmeiia).

Akusticky tomograf nedestruktivnou metédou deteguje velkost a polohu hniloby a dutin vo vnutri kmeiia
stromu. Metdda je zaloZend na principe merania rychlosti Sirenia zvukovych vin medzi viacerymi senzormi po
obvode kmefia hodnoteného stromu, pridom merané rychlost’ klesa pri vyskyte hniloby alebo dutiny vo vntitri
kmetia. Rychlost’ §irenia vin je zaznamendvana s mikrosekundovou presnost'ou. Nésledne je spracovany

digitdlny prierez vnuitornej Struktiry kmefia v hodnotenej vrstve (2D), v pripade potreby vo viacerych vrstvach
(3D tomograf).

Na ziklade doplnenia d’alsich parametrov dreviny (plocha a vy3ka koruny, sklon kmefia, maximalna rychlosf
vetra...) bude softvérom vypoéitany bezpeénostny faktor stability dreviny.

Pristroj bude schopny identifikovat’ hnilobu a dutiny vo vnutri kmetia priamo v teréne.

Pristroj bude preposielat’ tidaje z merania priamo do notebooku, cez nainStalovany softvér. Softvér bude
stcast'ou dodavky pristroja.

Pristroj pomocou softvéru vyhodnoti dreviny v tabul'kovej podobe a taktie v ilustraénej podobe.

Vyhodnotenie stability jednej dreviny v teréne bude trvat’ priblizne 60 mintit. Hodnotenie drevin touto metddou
bude moZné realizovat’ celorodne.

Akusticky tomograf s komplet prislugenstvom s ndvodom (manudlom) ks 1 na pouZitie v slovenskom jazyku,
Ceskom jazyku, alebo anglickom jazyku a softvérom.

Pristroj okrem inych zékladnych ¢asti bude obsahovat’ tieto délezité zloZky:

ABTOS-P Professional tomography inspection 2D

ABTDNT-Battery pack

ABTDNT-Charger 110-240V

ABT-Tool-set

Serial Battery-Pack-PC-Cable

USB-Serial-Converter

50 Sensorpins 80x3.5mm

10 Sensorpins 140x3.5mm

ot | ot | ot | ot |t | s | —

ABT-Outdoor-Case

12 ABT-Sensor

12 Im HIFLEX-Sensor-Cable

2m HIFLEX-Sensor-Cable

5m HIFLEX-Sensor-Cable

5m RIGID-Sensor-Cable

ABT-WIN-PC-Program, 2D-Version
Mechanic-Graph

6
1
1
2 Sensor-Cable<->Cable-Connector
1
1
2

10 Records evaluation assistance
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Cislo doZiadania : el-236901/2016/B

VYPIS Z OBCHODNEHO REGISTRA
Okresného sudu Bratislava |
k datumu 09.12.2016

Oddiel: Sa
VioZka ¢islo: 3049/B

. Obchodné meno

Lambda Life a.s.

II. Sidlo

Nazov ulice (iného verejného priestranstva) a orientaéné &islo (prip. stpisné éislo):
Levocéska 3

Nazov obce: Bratislava

PSC: 851 01

Stat: Slovenska republika

——h

S SN,

L. ICO: 35 848 189

IV. Def zapisu: 24.10.2002

V. Pravna forma: Akciova spoloénost

S,

V. Predmet podnikania (€innosti)

S

. kiipa tovaru na Gcely jeho predaja kone¢nému spotrebitelovi (maloobchod),
. kiipa tovaru na tcely jeho predaja inym prevadzkovatelom Zivnosti (velkoobchod),
. sprostredkovatelska Cinnost v oblasti obchodu, sluZieb a vyroby,

. prieskum trhu a verejnej mienky,

. prenajom strojov a pristrojov bez obsluhujiceho personalu,

. prenajom motorovych vozidiel,

. prenajom kancelarskych strojov a zariadeni,

. prenajom ostatnych strojov a zariadeni,

9. prenajom automobilov, strojov a zariadeni - leasing,

10. poradenska €innost v oblasti nakupu a predaja tovarov,

11. audiovizia,

12. poradenska €innost v oblasti audiovizie,

13. vydavanie periodickych a neperiodickych publikaci,

14. reklamna a propagacna cinnost,

15. usporaduvanie Skoleni, seminarov a vzdelavacich podujati,
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/6. usporaduvanie kulturnych podujati,

pouZivania vysoko rizikovych latok),

18. vyroba, instalacia, opravy elektrickych strojov a pristrojov,

19. vedenie Uctovnictva,
20. organizatné a ekonomické poradenstvo,

21. sprostredkovanie predaja, prenajmu a kipy nehnutelnosti,

22. sprava registratury,
23. automatizované spracovanie udajov,
24. administrativne prace,

25. vyskum a vyvoj v oblasti prirodnych, technickych, spolo€enskych a humanitnych vied,

VII. Statutarny organ: predstavenstvo

Funkcia: podpredseda
Meno a priezvisko: Ing. Roman Misuth
Bydlisko:

Nazov ulice (iného verejného priestranstva) a orientacné &islo (prip. stpisné &islo):

Rubinova 54

Nazov obce: Bratislava

PSC: 831 52

Stat: Slovenska republika
Datum narodenia: 24,12.1972
Rodné ¢islo: 721224/7482

Vznik funkcie: 13.10.2015
Funkcia: predseda

Meno a priezvisko: Alexander Skrinar
Bydlisko:

Nazov ulice (iného verejného priestranstva) a orientaéné ¢islo (prip. stpisné cislo):

Obchodna 426/24

Nazov obce: Bratislava

PSC: 811 06

Stat: Slovenska republika
Datum narodenia: 30.04.1967
Rodné éislo: 670430/6939

Vznik funkcie: 13.10.2015
Funkecia: ¢len

Meno a priezvisko: Ing. Tomas Granec
Bydlisko:

Nazov ulice (iného verejného priestranstva) a orientacné ¢islo (prip. stpisné Cislo):

Trlinska 508

Nazov obce: Senkvice
PSC: 900 81

Stat: Slovenska republika
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)atum narodenia: 05.06.1966
todné cislo: 660605/6094

anik funkcie: 13.10.2015

Spdsob konania $tatutarneho organu v mene akciovej spoloénosti:
Za spolocnost kona a podpisuje kazdy ¢len predstavenstva samostatne tak, Ze k
napisanému alebo vytlatenému obchodnému menu spoloénosti, pripoji svoj podpis.

VIIl. Proktra

Meno a priezvisko: Ing. Ivana Misuthova
Bydlisko:

Nazov ulice (iného verejného priestranstva) a orienta¢né éislo (prip. stpisné éislo):

Mamateyova 30

Nazov obce: Bratislava

PSCE: 851 04

Stat: Slovenska republika
Datum narodenia: 24.05.1978
Rodné Cislo: 785524/7499

Vznik funkcie: 04.06.2015

Spoésob konania prokuristu(ov) za akciovi spoloénost”:

Za spoloCnost kond prokurista samostatne. Prokurista kona za spolo¢nost tak, Ze k
napisanému alebo vytlatenému obchodnému menu spolognosti pripoji svoj viastnoruény
podpis a dodatok oznadujuci prokuru : "prokurista spolo¢nosti"

IX. Dozorna rada

Meno a priezvisko: Gabriela JuraSova
Bydlisko:

Nazov ulice (iného verejného priestranstva) a orientaéné ¢islo (prip. stpisné &islo):

Stiirova 487/69

Nazov obce: Marianka

PSC: 900 33

Stat: Slovenska republika
Datum narodenia: 16.05.1965
Rodné c¢islo: 655516/6618

Vznik funkcie: 22.05.2015

Meno a priezvisko: Ing. Renata Misuthova
Bydlisko:

r

Nazov ulice (iného verejného priestranstva) a orientaéné ¢islo (prip. supisné &islo):

Rubinova 54
Nézvov obce: Bratislava
PSC: 831 52
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itat: Slovenska republika
yatum narodenia: 03.01.1973
2odné éislo: 735103/7892

/znik funkcie: 13.10.2015

Meno a priezvisko: Daniela Grancova

Bydlisko:
Nazov ulice (iného verejného priestranstva) a orientaéné &islo (prip. supisné ¢islo):

Trlinska 79 .
Nazov obce: Senkvice

psé: 900 81

&tat: Slovenska republika
Datum narodenia: 06.03.1977
Rodné &islo: 775306/7069

Vznik funkcie: 13.10.2015

X. Vy$ka zakladného imania

66 400,000000 EUR

XI. Rozsah splatenia zikladného imania

66 400,000000 EUR

XIl. Akcie

Pocet: 40
Druh: Kmenové
Forma: Akcia na meno

Podoba: Listinné
Menovita hodnota: 1 660,000000 EUR
Obmedzenie prevoditelnosti akcii na meno: Na prevod akcii je potrebny

predchadzajuci sthlas valného zhromazdenia spoloénosti.

Dalgie pravne skutotnosti

XIll. ZlGéenie, splynutie, rozdelenie spoloénosti

Spolognost je pravnym nastupcom v doésledku zlugéenia.
Obchodné meno/nazov:

Eurolab a.s.
Sidlo:
Nazov ulice
Bojnicka 20

(iného verejného priestranstva) a orientaéné &islo (prip. supisné &islo):
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|azov obce: Bratislava
1SC: 831 04

itat: Slovenska republika
CO: 35873 809

XIV. Iné d'al$ie pravne skutoénosti

1. Spoloénost bola zaloZend bez vyzvy na upisovanie akcii, zakladatelskou zmluvou vo
forme notarskej zapisnice &. N 156/02, Nz 151/02 zo dfia 15.8.2002 v zmysle §§ 57, 154 a
nasl. Zak. €. 513/91 Zb. v zneni neskorsich predpisov.

2. Zapisnica z valného zhromaZdenia, na ktorom bol odvolany ¢len dozornej rady Ing.
Bronislav Prokop a schvalena zmena obchodného mena z Labinvest a.s. na Lambda Life
a.s.

3. Zmluva o zlu&eni vo forme notarskej zapisnice N 82/2007, Nz 47797/2007, NCRIs
4743/2007 napisanej diia 20.11.2007 notarom JUDr. Petrou JeZkovou v zneni opravnych
doloziek napisanych diia 28.11.2007 a 12.12.2007.

4, Zapisnica z mimoriadneho valného zhromaZdenia zo diia 10.10.2008.

5. Osved&enie o priebehu mimoriadneho valného zhromaZdenia vo forme notarskej
zapisnice N101/2009, Nz13573/2009 zo diia 28.4.2009 - zmena sidla.

6. Zapisnica z valného zhromazdenia zo diia 20.08.2010.

7. Zapisnica z mimoriadneho valného zhromaZdenia zo dia 22.05. 2015.

8. Zapisnica z mimoriadneho valného zhromaZdenia konaného drfia 12.10.2015. Notarska
zépisnica & N 1492/2015, Nz 36189/2015, NCRIs 36997/2015.

Vypis zo diia 09.12.2016
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; Osvedc¢ovacia dolozka

Osvedujem, Ze tato listina, ktora je listinnou podobou elektronického odpisu tidajov z informaéného systému verejnej
pravy, pozostavajiica z 5 listu(ov) a 5 stran(y) sa doslovne zhoduje s idajmi v informagnom systéme verejnej spravy
odpisanymi zarugenym elektronickym podpisom.

Vydany vystup je zapisany v evidencii osvedCujlicej osoby pod poradovym &islom Nor 704/2016.

Bratislava diia 9.12.2016 15:31:52 ' I
|
|
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Assistant Examiner. Saint-Surin; Jacques M.
Attorney, Agent or Firm: Alston & Bird LLP

Claims

What is claimed is:

1. A device for examining materials comprising a pulse generator for generating a pulse that
can be introduced into the material, at least one sensor configured for being positioned with
respect to the material so as to detect the pulse, and an electronic evaluation device for
discriminating the pulse from interfering pulses, with the electronic evaluation device and the
at least one sensor being integrated in a unitary one-piece structure, whereby the pulse
evaluation may be effected adjacent the sensor with minimal communication paths and
minimal electromagnetic interference.

2. The device of claim 1 wherein the pulse is a mechanical and/or electrical pulse.

3. The device of claim 1 wherein the electronic evaluation device includes means for
generating an electrical signal.

4. The device of claim 3 wherein the electrical signal is connected for transmission to a
central unit.

5. The device of claim 4 wherein the central unit comprises a personal computer.

6. The device of claim 1, wherein said device comprises a plurality of said sensors, and
wherein an electronic evaluation device is integrated with each sensor as part of a unitary
structure.

7. The device of claim 6 wherein said sensors are electrically interconnected.

8. The device of claim 6 wherein each of the sensors is operatively connected to a central
unit.

9. The device of claim 6 wherein each of the sensors is operatively connected to a central
unit via a transmitter-receiver unit associated with each sensor.

10. The device of claim 6 wherein each of the sensors has a vibration damper associated
therewith.

11. The device of claim 10 wherein each vibration damper is a piezoelectric element.

12. The device of claim 6 wherein a transmission pin for detecting the pulse is associated
with each sensor.
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13. The device of claim 6 wherein a clock is associated with each Sensor.
14. The device of claim 6 wherein an identification symbol is associated with each sensor.

15. The device of claim 6 wherein a storage for measurement results is associated with each
sensor.

16. The device of claim 6 wherein a display for measurement results is associated with each
sensor.

17. The device of claim 6 wherein said pulse generator comprises means for introducing
electrical pulses into the material being examined.

18. The device of claim 6 wherein said pulse generator is mounted to at least one of said
unitary structures for introducing pulses to the material being examined.

19. The device of claim 18 wherein said pulse generator includes a pin.
20. The device of claim 6 wherein said pulse generator comprises a hammer.

21. The device of claim 6 wherein each electronic evaluation device includes means for self
calibration.

22. The device of claim 6 wherein each sensor is connected to a pull out measurement stick.
23. The device of claim 6 wherein each sensor is connected to a rope with an angle display.

24. The device of claim 6 further comprising an infrared or laser distance measuring
instrument for measuring the position of each sensor.

Description

BACKGROUND OF THE INVENTION

The invention relates to a device for examining materials, in particular trees, other kinds of
wood, and concrete, with a pulse generator for generating a pulse that can be introduced into
the material, with at least one sensor adapted for being associated to the material for

detecting the pulse, and with an electronic evaluation device for discriminating the pulse
from interfering pulses.

Devices for examining materials of the initially described kind are known from practice, and
they exist in a large variety of types. They are, for example, devices, wherein the pulse time
delay of shock waves is measured. From this pulse time delay, conclusions are drawn with
respect to the quality of the material being examined. In the case of wood, for example,
utility poles, the time delay of the shock waves correlates in the direction of growth or grain
with the modulus of elasticity in the bending of wood, which enables an assessment of the
load capacity, and the therefrom dependent categorization into quality classes. This
influences the purchase price in the case of new poles.

In most cases, it is common to introduce into the material the shock wave or the pulse with a
hammer serving as a pulse generator, either in a direct manner or via a screw or a bouncing




pin. In the case of an axial irradiation of a pole by sound waves, the pulse is typically
introduced at the front end. A sensor arranged at the other end of the material or pole detects
the pulse that has been introduced into the material. A current pulse corresponding to this
pulse is then guided from the sensor to a central electronic evaluation device, where the
current pulse is analyzed by discriminating interfering pulses.

More specifically, an acceleration sensor in the pulse-generating hammer transmits in the
instant of applying the stroke, the resultant current pulse via a line to a central electronic unit
or electronic evaluation device, which analyzes the pulse, and starts a clock, depending on
the result, namely a successful discrimination from, for example, interference vibrations. As
soon as the sensor at the other end of the material or the other end of the measured length
registers the arrival of the shock wave, it will likewise transmit a corresponding current pulse
to the central electronic unit, which stops the clock, if the pulse meets the requirements with
respect to intensity and length. Both the pulse from the hammer and the pulse from the
sensor must each be electronically discriminated, i.e., be distinguished from other vibrations.
This occurs each time in the central electronic evaluation device. For purposes of being able
to distinguish between real pulses and spurious pulses, a user may normally adjust "gain" and
"offset" in the central electronic evaluation device. From the time delay of the pulse and the
distance between shock application and detector, it is possible to determine the pulse or
shock velocity. Same allows to make statements as to the internal condition and the quality

of the material being examined or the test picce, not only in the case of wood, but also in the
case of concrete and other materials.

In the known device, the electronic signals of the acceleration sensors, the pulse generator,
and the detectors, are transmitted via cables to a central electronic detection and evaluation
device. This device also accommodates an accurate electronic clock. The discrimination and
evaluation of the pulses, which were converted into electronic current pulses, previously
introduced, and subsequently detected, thus occurs in a central location by means of
corresponding electronic circuits. In this connection, the pulse shape is decisive for
differentiating between real pulses and interference pulses. Thus, the pulse shape should not
be altered or falsified on its way from the sensor through the cable to the electronic
evaluation device, for example, by electromagnetic interferences or technical cable
properties. To accomplish this, the transmission cables must be shiclded and be of an
extremely high quality, which leads to high prices, limited length of few meters, and
restricted handling. Cables of this kind with a corresponding shielding react very sensitively
to low temperatures and other external effects, so that they can be used only with limitations,
and are very prone to interference. For example, for purposes of avoiding interferences, such
cables should not extend in a loop. In particular, in the case of very long or large test pieces
of the material being examined, it is not possible to use the known device, since there exist
no adequately long cables, which enable an interference-free transmission of current pulses
from the sensor or sensors to the central electronic evaluation device.

Consequently, the use of the known device for examining materials, in particular with
respect to large test pieces, is very restricted on the materials being tested. A universal
application of the known device is therefore not possible.

It is therefore an object of the present invention to describe a device for examining materials
of the initially described kind, which enables a universal application with constructionally

simple means, in particular also in the case of large test pieces of the material being
examined.

SUMMARY OF THE INVENTION

The above and other objects and advantages of the present invention are achieved by a




device of the type which is designed and constructed such that an electronic evaluation
device is associated to each sensor.

According to the invention, it has first been recognized that the foregoing object is
accomplished in a surprisingly simple manner alone because of a suitable arrangement of the
electronic evaluation device. Furthermore, in accordance with the invention, a separate
electronic evaluation device is associated for this purpose to each sensor. This association of
respectively one electronic evaluation device to each sensor permits avoiding great cable
lengths between the sensors and the electronic evaluation device, in particular with the use of
a plurality of sensors. In comparison therewith, it is not possible to avoid in the case of most
sensors, great cable lengths with the use of a central electronic evaluation device for all
sensors in use, which are often arranged at great distances between one another.

The device of the present invention makes it now possible to perform the discrimination of
pulses quasi directly on the sensors with minimal communication lengths. Since an electronic
evaluation device is associated to each sensor, the spacings between the sensors are no longer
important. Therefore, it would also be possible to arrange the sensors at a great distance
between one another, while yet enabling a reliable discrimination of pulses.

Consequently, the device for examining materials according to the invention realizes a
device, which permits a universal application with constructionally simple means, in
particular also in the case of large test pieces of the material being examined.

As regards the kind of pulse, two alternatives present themselves. In this connection, the
pulse could be a mechanical and/or an electrical pulse. A mechanical pulse is, for example, a
shock wave, which is triggered, for example, by means of a hammer. However, it is also
possible to introduce electrical pulses into the material being examined. In this instance, it is
also possible to measure the time delay of the current pulse and/or its attenuation. The pulse
may be a direct current or an alternating current pulse. In the case of the alternating current
pulse, it is also possible to examine. its frequency response while passing through the
material.

As regards a very short and reliable communication length between the sensor and the
electronic evaluation device, the latter could be arranged directly adjacent to the sensor or be
integrated in the sensor. In particular, the integrated arrangement of the electronic evaluation
device in the sensor ensures a particularly compact and evaluation-reliable configuration of
the device.

As regards a particularly simple processing of the measured data generated by the device, the
electronic evaluation device could include a device for generating an electronic signal. In this
instance, the electronic evaluation device could be designed such that the electronic signal is
generated exactly at the moment, when a real measurement pulse is detected, which is
discriminated from interference pulses. In the simplest case, the signal could be an
clectronic, preferably digital standard pulse. In this case, one has in mind in particular a TTL
pulse.

It would be possible to transmit an electronic signal, which is generated by the electronic
evaluation device, to a central unit, which preferably is, for example, a portable computer. In
such a central unit, it would be possible to process the measured data in the form of, for
example, time delays of the shock waves from the pulse input location to the respective
Sensor.

In particular with respect to a reliable transmission of the signal from the sensors or the
electronic evaluation device to the central unit, it would be possible to interlink the sensors




and/or electronic evaluation device electrically. For an electrical connection, one could use
standard cables of the simplest kind, since it is not necessary to suppress here interferences
or signal distortions. What matters is only a reliable transmission of an electronic standard
signal. A costly discrimination in the central unit is no longer needed, since the decisive
discrimination of real pulses from interference pulses already occurs in the electronic
evaluation device. It would be possible to provide a closed-loop line or a star-shaped line. In
this instance, it is necessary to accommodate the respective case of application. This means
that in the case of large test pieces, a closed-loop line could be advantageous because of its
shorter overall cable length as a whole.

As an alternative to a transmission via electrical lines, the transmission could occur by means
of radio waves, ultrasonic waves, or infrared radiation. To this end, it would be possible to
associate to each sensor a transmitter-receiver unit for radio waves, ultrasonic waves, or
infrared radiation. Via such a transmitter-receiver unit, it would be possible to transmit
especially the electronic signal of the electronic evaluation device, thereby avoiding
extensive cabling.

In a concrete arrangement, one could associate a vibration detector to each sensor. The
oscillation detector is used for detecting mechanical pulses. In a particularly simple manner,
the oscillation detector could be a piezoelectric element.

For a reliable transmission of a mechanical and/or an electrical pulse from the test piece to
the sensor, a transmission pin for the pulse could be associated to each sensor. In a
constructionally very simple manner, the transmission pin could be a metal pin, preferably a
steel pin. At the beginning of a measurement, such a transmission pin could be inserted into
the test piece of the material being examined, whereupon the sensor is coupled with the
transmission pin. In a particularly simple manner, the sensor could engage the transmission
pin or suspend therefrom. If the material being examined consists, for example, of concrete,
one could do without a transmission pin.

In the device for examining materials according to the invention, one measures, for example,
the time delay of a pulse from a pulse input location to each individual sensor. In so doing, it
is necessary to initialize the sensors. To this end, a clock could be associated to each sensor.
For example, an initialization could occur in such a manner that the first sensor, which
detects a real pulse, starts its clock and, in so doing, transmits at the same time a preferably
electronic communication signal to the other sensors to reset their clocks to zero and to start
them likewise. This initialization principle will be especially favorable, when the pulse is
input or introduced in the direct vicinity of the first sensor.

Once a real pulse is detected, the electronic evaluation device transmits, for example, an
electronic signal to a central unit. In this case, it is advantageous to associate to each sensor
an individual identification means, so as to enable an allocation of the signals arriving at the
central unit to the respectively transmitting sensor. To this end, the sensors could identify
themselves by a clear code.

In a further advantageous manner, it would be possible to associate to each sensor a storage
for measurement results, which enables a direct readout of the measurement results on each
Sensor.

Furthermore, it would be possible to associate to each sensor a display for the measurement
results, which permits reading the measurement results directly on the sensor.

A particularly advantageous development of the device for examining materials could be
provided with at least three sensors. This would permit generating last but not least three-




dimensional graphs of the results with respect to the internal condition of the test piece. The
more sensors are used, the more detailed will be such a graph. In this instance, it is essential
that the sensors can be associated to the material in a geometrically independent relationship
from one another. A rigid arrangement of the sensors, for example, in a closed-loop form is
not necessary. For an effective evaluation of the three-dimensional measurement data, it is
only necessary that the geometric positions of the sensors be determined.

With respect to a particularly elegant and practical introduction of pulses, the sensor or a
plurality of sensors could be realized as pulse generators. To this end, it would be possible to
associate to at least one sensor a device for introducing pulses. Such a device could be
formed, for example, by a piezoelectric element, which serves at the same time as a vibration
detector. As an alternative or in addition thereto, the device for introducing pulses could be a
pin, preferably a metal pin. Such a pin could connect to the sensor via a coupling piece of
rubber. For introducing pulses, the pin could be activated by means of a pulse generator in
the form of a hammer.

As regards a reliable measurement of the pulses that are introduced by the pulse generator, it
is essential that the introduced pulses be distinguished or discriminated from interference
pulses. Interference pulses may be generated, for example, during the examination of a tree
by automobiles passing by in a neighboring street. Even people walking by the test piece
being examined may generate interference pulses above the ground or introduce them into
the test piece. It will therefore be especially advantageous, when the sensors or electronic
evaluation devices are able to recognize such interference pulses in each application
individually already before the actual measurement. To this end, the electronic evaluation
device could include means for self-calibration. In this case, the detection threshold of the
electronic evaluation device itself is adjusted to a level, which is above the level of all
previously detected interference pulses or interference vibrations. This self-calibration step
could occur continuously, with a self-calibration being absent during the time of the actual
measurement. With that, it is possible to suppress a substantial number of interference pulses
right from the beginning,.

As regards a simple determination of the positions of the sensors relative to one another, it
would be possible to associate to the sensor or sensors pull-out measuring sticks. In the
alternative, it would be possible to associate to the sensor or sensors a rope with an angle
display. The rope interconnects adjacent sensors. As a result, it would be possible to
determine the distance and angle from an adjacent sensor. With a known sensor size, it is
possible to approximate from the sensor distances and angles of the rope connection, the
geometry of the cross section of a sample in the tested region, for example, the cross section
of a tree.

As an alternative or in addition thereto, it would be possible to provide an infrared or laser
distance measuring instrument. In connection with the central unit, this would permit
determining the position of the sensors and pulse input locations and displaying them as a
three-dimensional image. In this case, it is possible to compute, display, and output a three-
dimensional image of the internal condition directly from the determined pulse data.

For a better understanding of the teaching according to the invention, the essential aspects of
the teaching according to the invention are explained one more time in the following:

To generate within the scope of the device according to the invention, three-dimensional
graphs of a condition, at least three sensors, preferably of the same type are arranged in a
desired geometry around the cross section or test piece being examined. In the case of
standing trees, for example four to six sensors per cross section or stem section will suffice in
most cases. The introduction of pulses may occur by means of a commercially available




hammer. From the respective location of the pulse input, which occurs in different places, a
corresponding measured value is obtained, which results after a corresponding processing of
the measured value, in a three-dimensional, quasi tomographic cross sectional image. The
pulse input may occur in any desired places of the test piece.

In a concrete realization, each sensor comprises its own, independent electronic control or
electronic evaluation device, which includes, if need be, an electronic timer or a clock. After
their conversion into current pulses, for example, via piezoelectric crystals, the mechanical or
electrical pulses arriving from the test piece of the material being examined, are
electronically processed and discriminated directly in the sensor. External interfering
influences are thus directly suppressed in the sensor. With that, interferences, which have so
far been problematic in the transmission system--cables--are precluded. Once a pulse
arriving from the test piece is detected as correct, an electronic, preferably digital standard
pulse, for example, TTL pulse will be generated. This pulse can be transmitted via simple,
cost-favorable standard cables of an almost unrestricted length, or even via radio, infrared, or
ultrasound, to other sensors or to a central unit. In this process, the sensors identify
themselves by a clear code.

Optionally, the sensors are able to detect not only arriving pulses, but also generate and input
themselves pulses, for example, via the reversed piezoelectric effect, inasmuch as, in
principle, the same technology is therefor required.

For example, it is possible to interlink the sensors in the form of a closed-loop line. However,
the data may also be transmitted in a star-shaped configuration, or via radio, to a central unit
with a display, storage, and output, or directly to a preferably portable computer. In this
arrangement, the number of sensors is quasi random. In an advantageous manner, each of
these sensors identifies itself during the communication. It is necessary to identify the
sensors only clearly and to allocate them in their position, to the position of the pulse input
being registered during each pulse input.

In the case of trees, it may become necessary to arrange the sensors at a height of several
meters. This may occur by means of telescopic rods, since the sensors may be either driven
in directly or arranged on driven-in pins.

A typical measuring sequence or process could be performed as follows. First, one
determines on the test piece the correct position of the sensors. Subsequently, for example,
for examining trees or wood, the sensors are mounted, screwed, flanged, preferably to pins
that are driven or screwed into the wood, so as to ensure an adequately stable connection
with the wood. Furthermore, one determines, if necessary, the three-dimensional geometry of
the test piece, which may occur in a laser and PC-assisted manner. Along with the
determination of the geometry, the position of the sensors is determined. At the beginning of
the measurement, all sensors are in a so-called "standby" position.

Depending on the task being posed, the introduction or input of pulses may occur in one
location or in a plurality of locations of the test piece. Between the pulse input location and
each sensor, this results in a measuring length with at least one individual measured value
(for example, time delay, conductivity, damping). consequently, each pulse input results in a
list of measured values for each sensor. These values are allocated to the respective length
between the pulse input location and sensor.

In a simple embodiment, a bouncing pin that is secured, for example, with rubber, hangs
above each sensor. Via this pin, it is possible to introduce shock waves, preferably with the
use of a commercially available hammer.




In a second operation after positioning the sensors, at least one stroke is applied to the
mounted pulse input pins. The advantage of this procedure lies in that the coordinates of the
pulse input are each given by the coordinates of the sensors that are determined in any case.

However, the pulse input may also occur in any other locations, for example by means of a
hammer and/or bouncing pin. For a direct assessment of internal wood damage, this
procedure will already suffice, since the examining expert is able to determine and allocate
the results directly. However, if it is intended to determine and display as much as possible a
complete tomographic image, it will also be necessary to determine the respective position of
the pulse input in a correspondingly exact manner.

The sensors are initialized either by the pulse input--via a cable connection between the
hammer and sensors--or by a first sensor, which has identified an arriving pulse. Initialized
sensors start their internal clocks and determine, for example the time frequency until they
receive the next pulse. The transmission of the electronic standard pulses via cables or radio
occurs almost at light speed, and thus is by an order of magnitude faster than the
transmission of shock waves. As a result, the time delay by the electronic transmission of the
initialization has no significant effect on the measuring accuracy.

Each sensor transmits the time between initialization and pulse detection to the other sensors
and/or to the central unit, where the values are collected.

The results of the respective time delays are printed preferably directly on paper or shown on
any portable, for example, watertight display.

The evaluation may be assisted by a computer, in that the display is connected to such a
computer, or that direct use is made of a portable personal computer. The point of the shock
wave input and sensor positions are entered either manually or graphically, or they
automatically result from the fact that the sensor, next to which a stroke was applied, signals
a zero time delay.

From the time delays of the respective connection segments between pulse input and sensor,
quasi tomographic cross sectional images of the condition of the test piece result
automatically. The number of connection segments and thus of the results is obtained as a
function of the number n of the sensors, as follows:

If the pulse input does not directly occur on one of the sensors, n time delay results will be
obtained per pulse, whereas n-1 results will be obtained, if the pulse is input directly on a
sensor.

If the pulse is input on each sensor, n(n-1) results will be obtained. In the case of only six
sensors, and thus six shock input points on one tree, thirty measuring segments are obtained
with corresponding information about the delay time, which results in a quasi tomographic
cross sectional image. Since only few seconds are needed per pulse input, it is possible to
determine in this way in a very short time a comprehensive information about the internal
condition.

For example, when two sensor rings are arranged at different heights on a standing tree, for
example, at foot level and head level, one will automatically obtain comprehensive data
about the condition of the entire volume between these two rings. From two rings with six
sensors each, 12 pulse inputs--one each next to the sensor--result in a total of 132 connection
segments with corresponding time delay information. From this, it is possible to compose a
relatively accurate image of the condition of the wood.




The device of the present invention is not limited to a certain arrangement of the sensors--for
example, around a cross section. Rather, it is possible to position the sensors freely.
Likewise, since the number of sensors is not limited, it is thus also possible to determine the
accuracy of the three-dimensional coverage of the test piece, since the accuracy is defined by
the number and position of the sensors as well as the number of pulse inputs. An EDP-
assisted coverage of the position of the sensors and pulse input, as well as a correspondingly
automated evaluation enable an easy processing of the number of resulting values, which
rapidly increases with the number of sensors. In this process it is necessary to determine or
input only the geometry of the sample and the arrangement of the sensors.

The geometry or surface topology of the test piece and the position of the sensors are the
basis of further evaluations. The accuracy of their coverage defines the accuracy and
expressiveness of the results. This coverage may be sketchy or occur by means of
commercially available distance measuring instruments. Likewise useful are laser distance
measuring devices and position recording devices.

The device of the invention permits measuring the chronological and spatial intensity
distribution of the pulses. In this connection, it is possible to input not only individual pulses
and record their arrival, but also pulse sequences of identical or fluctuating intensity and
frequency.

The electronic evaluation device comprises means for discriminating the pulse from
interference pulses. In this connection, it would here be possible to integrate a corresponding
software.

In a particularly advantageous manner, the device is made waterproof for outdoor use,
thereby ensuring a long and troublefree operation of the device.

It would be possible to place the sensor not only on a pin, but also on a star-shaped pin
combination, which includes pin tips pointing in different directions. When the arriving
pulses are separately detected, each by the individual tip, it will be possible to determine
results over the spatial direction of the pulses, which is very interesting in the case of trees,
since there are different radial and tangential propagation responses.

The bouncing pin, which can be actuated either by a hammer or a sensor, may be oriented in
a different direction. This permits taking into account a different propagation response in the
material.

In the device of the present invention, a plurality of sensors enable quasi tomographic
determinations of the internal condition with only few measurements. In this instance,
identically adjusted sensors of only one kind are needed, which reduces the costs of
manufacturing. The sensors evaluate pulses from the material being examined directly,
independently, and thus "in situ", which reduces sources of interference and expense. For
example, the shock input may occur by means of a commercially available hammer, which is
very flexible and cost-favorable. The sensor connection requires only simple, commercially
available, and cost-favorable connection cables, or it may occur via radio or other methods of
remote transmission, since only electronic standard pulses are transmitted, which are
insensitive to external interferences.

Based on the technical characteristics of the system, it is possible to position on the test
piece, without limitation, any desired number of sensors. As a result of using a sensor
shielding, standard cables, and transmitted pulses, the device is extremely insensitive to
electromagnetic interference radiations, incorrect handling, mechanical loads, and other
disturbances.




coupling piece 9, a vibration detector 10 is provided, which is formed by a piezoelectric

element. The electronic evaluation device 4 and the vibration detector 10 are coupled via an 1
electric connection 11,

¢

The transmission of an electronic signal, which is generated by a special device associated to
th

¢ electronic evaluation device 4, or of other signals from the sensor 3 may occur as an
alternative to the transmission via cables 7, via a transmitter-receiver unit 12 for radio waves, }
ultrasonic waves, or infrared radiation. The transmitter-receiver unit also permits an i
initialization of the sensors 3 at the beginning of a measurement. In this case, the connection :
cables 7 may be omitted. The transmitter-receiver unit 12 may be used for transmitting all
kinds of signals, measurement results, or the like.

|
The electronic evaluation device is used as an independent unit with a central processing
unit.

As regards further advanta
eXamining materials, the
herewith incorporated by

geous developments of the device according to the invention for
general part of the description as well as the attached claims are
reference for purposes of avoiding repetitions,

device according to the invention merely serves to describe in greater detail the claimed
teaching, but without limiting it to this embodiment.

ccccc

|
Finally, it should be expressly pointed out that the above-described embodiment of the !
1
|
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Quasi tomographic cross sectional images result in an automatic and a very simple way.

Volume-relevant results are obtained with the use of as few as three sensors. A plurality of
sensors permits in a simple manner a three-dimensional coverage of the condition of almost
any desired kind. A measurement can occur very rapidly by first inserting the pins, then
mounting the sensors, and subsequently generating pulses by a shock or in any other fashion.
Finally, the measurement results are noted or recorded. Only few minutes are needed for the
therefor required two loops around the tree.

There exist various possibilities of improving and further developing the teaching of the
present invention in an advantageous manner. To this end, reference may be made to the
following description of an embodiment of the device according to the invention with
reference to the drawing. In conjunction with the description of the preferred embodiment of
the device according to the invention with reference to the drawings, also generally preferred
improvements and further developments of the teaching are described.

BRIEF DESCRIPTION OF THE DRAWINGS
In the drawings:

FIG. 1 is a schematic view of an embodiment of the device according to the invention for
examining materials in a state arranged on a tree; and

FIG. 2 is a schematic top view of a sensor of the embodiment of FIG. 1.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

FIG. 1 is a schematic view of the embodiment of the device according to the invention for
examining materials. The device comprises a pulse generator 1 for generating a pulse that
can be introduced into a material 2. A tree is used as the material 2 being examined.
Furthermore, the device includes six sensors 3 associated to the material 2 for detecting the
pulse with six electronic evaluation devices 4 for discriminating the pulse from interference
pulses. As regards a universal application of the device to even large test pieces, a separate
electronic evaluation device 4 is associated to each sensor 3.

The electronic evaluation device 4 performs the discrimination of real introduced pulses
from interference pulses. No long communication paths are needed between the sensor 3 or a
vibration detector and the electronic evaluation device 4. In the illustrated embodiment, the
electronic evaluation device 4 is integrated in the sensor 3. The sensors 3 are connected to
the material 2 by means of a transmission pin 5. In this connection, the sensors 3 engage the
transmission pin 5 or suspend therefrom. By way of example, a device for introducing pulses
is associated to one of the sensors 3 in the form of a pin 6. The pulses are introduced by a
stroke with the hammer on pin 6.

The sensors 3 are interlinked via connection cables 7. Furthermore, a connection is provided
between the sensors 3 and a central unit 8. The central unit 8 receives electronic signals,
which are generated by the electronic evaluation devices 4 of the respective sensors 3, when
a real pulse is detected. In this process, an individual code is determined for each sensor 3, so
that the central unit 8 is able to allocate the arrival location of the detected pulse.

FIG. 2 is a schematic top view of a sensor 3 of the embodiment of FIG. 1. The sensor 3
includes an integrated electronic evaluation device 4. The pin 5 serving to connect to the
material is coupled with the sensor 3 via a coupling piece 9. In direct connection with the




