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1. Introduction

Fakopp 3D is designed to evaluate trees, logs and lumber. The equipment is able to
detect holes, decay and cracks in trees by a nondestructive technique. Fakopp 3D
measures the transit time of the stress wave between transducers. The equipment helps
the forester to determine the optimal time for wood felling. Other important
applications are the determination of residual strength of old timbers and the
evaluation of the stiffness of logs. The name Fakopp is a combination of two
Hungarian words: 'fa' and 'kopp', meaning 'tree’ and 'knocking'.

1.1 Fundamentals of acoustic testing

Testing by tapping is an ancient technique. The woodpecker taps trees and in this way
it is able to find insects under the bark. Physicians also examine by tapping the human
body. The tapping technique is able to examine living trees as well.

The woody material of a healthy tree is a good sound guide while decayed wood is a
sound absorber. The velocity of sound in healthy wood is much higher than in voids or
in decaying wood. This is the reason why the sound avoids defects in the tree.

As stated above, Fakopp 3D measures the time of sound traveling from one sensor to
another. If there is a hole between the two sensors, the sound can not pass through the
hole and has to travel a longer distance which means a higher traveltime.

Fakopp 3D uses several sensors and measures the traveltimes between each sensor
pair. In this way internal holes can be mapped.

Figure 1 Sound path in healthy and decayed tree
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Figure 2 Holes can be found with time
measured along several lines
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2. Hardware overview

Fakopp 3D consists of the following hardware parts:
- Piezo transducers
- Amplifier boxes
- Battery box
- Cables to connect amplifier boxes and battery box
- Caliper for measuring sensor positions
- Sensor remover tool
- Tape measure
- Steel hammer for tapping transducers
- Rubber hammer for fixing transducers
- Case

Figure 3 Contents of the Fakopp 3D case

2.1 Guarantee

The FAKOPP instrument, including the sensors, is guaranteed for one year. The
guarantee starts on the date displayed on the bill and is valid for the following one
year. Any repair should be sought from the manufacturer. The guarantee does not
cover any breakage caused by misuse or deliberate damage to the instrument.
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2.2 Technical data

Total weight incl. case without PC 8 kg
Battery supply: 9V rechargeable battery
Power consumption per amp. box 60 mW
Instrument case: Peli Case
Low battery indicator: led
Standard deviation of time: +2 s
Sensor (start and stop): high sensitivity accelerometer
RS232 baud rate is fixed: 9600 bps
Databit 8
Parity none
Stopbit 1
Connection to PC Bluetooth
Permissible temperature range for
use and storage: 0-40°C

2.3 Piezo transducers

One of the most important part of the Fakopp 3D system are the special piezo
transducers. These transducers can be fixed by the integrated nail on the trunk and can
stand hammer taps so they are very robust. On the other hand the noise-level is very
low allowing for precise measurements.

Figure 4 Piezo transducer with integrated nail
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2.4 Amplifier boxes

The sensors are connected to the amplifier boxes with BNC connectors. The sensors
and the connectors on the amplifier boxes are numbered as well, however because the
sensors are identical, you can use any sensor with any amplifier box. The only thing
that matters is the numbering of the connectors, because the system identifies the
measured traveltimes based on this numbering.

There are cables to connect the amplifier boxes. Make sure to apply correct connector
position when connecting as shown on figure. Connect neighbouring amplifier boxes
with the bottom connector of the one box and the side connector of the other box.
Every amplifier box has to be connected to another one.

Figure 6 Connect bottom to side
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2.5 Battery box

The battery box contains the battery for the system. It has to be connected with the
amplifier boxes, can be connected to any amplifier box, but it is advised to connect it
to the first or last box. There is an ON-OFF switch on the battery box. Keep it turned
off while connecting each component and turn it only on when you start the
measurement. When turned on, you can use the yellow battery checker button which
lights the green led when the battery is OK. Otherwise please change the battery. We
recommend to use a 9V rechargeable battery. Please make sure to apply correct
polarity as shown in the battery container when replacing battery, otherwise the
amplifiers may be damaged. Always keep the unit turned off while changing battery.
The battery box also contains the Bluetooth converter for PC connectivity.

Figure 7 Battery box with ON-OFF switch and battery checker button

Figure 8 Bottom side of battery box for battery replacement.
Always apply correct polarity when changing battery.
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2.6 Sensor remover

There is a special tool for removing sensors from the tree. Just attach it to the sensor
and use the weight a couple of times to pull the sensor out. Don’t use this tool to drive
the sensor in.
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3. Fakopp 3D Software

The traveltimes measured by Fakopp 3D are transmitted to the software on the PC.
This software calculates the resulting 2-dimensional velocity map of the internal state
of the tree.

3.1 Requirements

- Windows Vista, XP or 2000 system

- 10MB free space on your hard disk

- CDdrive

- RS232 port or properly installed USB-RS232 converter cable or Bluetooth

3.2 Installation

To install the software, just run the installer from the CD provided. The installer will
ask for the destination directory and copy the program files. When finished, you can
start the program from the Start Menu.

3.3 Introduction

This program collects end evaluates data from the Fakopp 3D to PC. It operates for
sensor numbers between 6 and 64. The time data is collected on the RS232 port,
distance data manually through the keyboard. The result is a 2 dimensional velocity
map representing the internal state of the tree. The measurement can be saved to a file
to re-open and re-evaluate later.

The program can be started with the Fakopp3D.exe, or simply by clicking the

“FAKOPP 3D” icon IEIJJ on your desktop or in the Start Menu. The program window
consists of 3 parts: On the top the menu line and 4 icons below it. The main area of the
window consist of 7 tabs, these are responsible for the data inputs and evaluation. On
the bottom there is a status bar.

10
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The menu system is the following:

- File
o New
o Open
o Save
o Save as
o Exit
- Export
o Measurement as HTML
o Map as image
o Map as data file
o Intersection as data file
- Help
o Help
o About
The 7 tabs are:
- Notes
- Time data

- Time matrix

- Position data

- Distance matrix
- Velocity matrix
- Velocity map

11
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3.4 Menu system

File/New
Prepares the program for a new measurement, all previous unsaved data will be
deleted. Before it happens, the program asks for confirmation. It is the same as if you

click the El icon.

File/Open
Opens a previously saved measurement. The default extension for Fakopp3D
measurement files is *.f2d. The program asks for confirmation before the current

o

unsaved data gets overwritten on the data fields. It is the same as if you click the
icon.

File/Save

Saves the measurement to a file. It is the same as if you click the E icon.

File/Save as
Same as File/Save except that you can save the file with a different filename.

File/Exit

Exits the program. If there are unsaved data, asks for confirmation.

Export

You can export the test results in 3 different forms:

- Measurement as HTML file: export, where the notes, measured time,
geometry information, time, distance and velocity matrices are available
including the image result.

- Map as Image: generates a JPG file of the velocity map.

- Map as data file: the velocity map can be exported as a matrix to an ASCII
file for further processing.

- Intersection as data file: a line intersection can be selected on the velocity
map. This function saves the velocity values versus the distance on the line to
an ASCII file for further processing.

12
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The il and ﬁl icons start and stop the serial communication. They are useful for
example if you use a Bluetooth RS232 adapter and it was turned off when the program
started, so the program could not build up the connection at the beginning. Clicking
the disconnect and connect icon in this case can build up the connection. You can
always see the list of opened COM ports in the status bar.

3.5 Tabs

The main screen of the program is divided into 7 tabs. To complete a measurement, go
through each of these tabs and provide the necessary information.

3.5.1 Notes

-Fakopp 2D 4.0 - C:\\Program Files' Fakopp2D,Douglasfir.f2d W i} & IEllzj

File Expott

D | I

Tirne Datal Time_Métrixl F'_os'i_tion'DatéI Distahce_Métrixl Welocity Métrixl elocity Map_l

S soies: Channels: COM Port:
Fir =l [a =l | At =]

Additional nates:

Location: Douglas in the park

[Opened port(s): COME COM4 COMS COME COM? COME COMLO COMIL COMIZ COMLE COMI4 7

Figure 10 The notes tab

Channels: number of sensors your Fakopp3D actually has.

13
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Com_port: number of RS232 port your Fakopp3D uses to connect to PC. You can set
a specific port number between COM1 and COM99. You can also set the port
selection to AUTO. In this case the program tries to open all the ports from COMI1 to
COM99. The advantage of AUTO is, that you don't have to know the exact port
number, you only have to connect the unit. The disadvantage is, that the program
opens and therefore allocates all other ports also, but we recommend to use this
setting. On the status bar if Time data tab is active you can see which ports could been
opened. Please note, that serial communication is only active if Time data or Time
matrix tab is selected. You can read more about serial communication

Species: Choose the species of the tree in the Species field. The tree species database
is stored in the species.dat and speciesname.dat. The results depend on the chosen
species. The measured velocity has to be corrected because of the deviation between
the radial and tangential velocity. Software calculates the radial velocity — even if the
velocity measurement has been done in tangential orientation.

Additional notes: you can enter here any kind of comment about the measurement

3.5.2 Time Data

You can see the data coming in from the serial port on this tab. After you hit a sensor,
Fakopp3D measures the wave propagation time to all the other sensors and sends the
measured data to the PC. The table in the middle of this tab stores these data. The
column number in the table matches the sensor number. The leftmost column of the
table doesn't contain time data, but it refers to the quality of each row, it can have one
of the following values: OK, Invalid or Filtered.

A row is indicated as OK, if it contains exactly one piece of 0 time. Otherwise it is
indicated as Invalid and will not be used during the evaluation process. All the time
data lower than 10 microsec (this value can be changed in fakopp2d.ini, zerolimit) is
stored as 0. Also from the disconnected sensors the program reads 0.

During the data reading there is a filtering algorithm (can be turned off by the
checkbox) that tries to filter the data rows with high standard deviation. It starts
filtering if there are at least 3 OK data rows from a specific sensor. If there is a
difference more than 80 microsecond between any data from the same sensor, the
algorithm selects the most deviating row as Filtered. Filtered rows will not be used
during the evaluation process.

The list on the left of this table shows the number of OK hits to every sensor. At least
3 OK rows are needed from every sensor (this value can be changed in fakopp2d.ini,
minhit). The cell of a row is red if there in not yet enough data. You can delete the
selected data row with the Delete selected button. The last measured line can be

14
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deleted with the Delete last button. The Delete invalid button deletes all the Invalid
rOws.

The Clear button deletes all the data at once. During the data collection phase it is
highly recommended to observe the collected data and delete the ones with high
deviation if they are not filtered out automatically. 1-2% deviation between the data
rows can be accepted.

Projects’\Fakopp'data' 20090527 Hong kong', = IEIIﬂ

File Export Help

D@l ¥
Hates  Time Data | Time Matrix' Pozition Datal Distance Matrixl Yelocity Matrixl Velocity Mapl
Data count——

R 1 2 3 [+ s [ [F 8 [8 o | -]
b T EREREREEERE EN I

EBE OK |89 52z ez3 515 36 28 154 0 145 266

MmE OK |92 524 |em 520 38 28 157 0 147 268

5 |3 Ok |270 404 SR B2 B2 405 285 154 0 148

6 |5 0K |267 (339 (557 e47 516 401 281 151 0 146

7|3 OK |283 (335 (581 e44 10 3@ 276 143 0 144

ERE Ok |14z 262 (407 50 B4z 535 406 27 (147 D

19—0 g oK |14z 22 407 B3 B4z 53 407 7B 147 D

Ok |142 262 405 530 (B41 532 (406 Z74 (146 0

Of 652 (496 363 254 1310 144 282 407 538

Ok |60 433 361 262 130 0 144 Za0 405 B3IF

Ok |650 434 363 254 133 0 146 282 407 539

Ok 534 620 488 380 249 28 1] 154 278 406

Ok |530  B18 4868 (377 246 28 i} 182|276 408 j

Ok |534  B17 485 (375 246 28 0 183|277 408

Delete Selected | Delete Last | Clear Invalid | Clear |

|C0u|d nok open COM port,

Figure 11 The time data tab after collecting the time data

N

3.5.3 Time matrix

If there are enough data rows from each sensor, then in this table you can see the
average propagation times between each sensor pair and the standard deviation
between the [] signs. It is highly recommended to check these standard deviation
valueas at each measurement and if you experience high values (above 3%), then go
back to time collection and remove or re-measure some lines.

The standard deviation between the [] signs can be absolute, I this the unit is
microseconds, or it can be relative to the measured average, in this case the unit is
percent. You can switch between these two formats by clicking on the “Standard
deviation in %”.

The time matrix contains the average measured time and the standard deviation.

15



Fakopp 3D Acoustic Tomograph - User’s Manual - www.fakopp.com

You can also check here the time difference between the travel time measured in the 2
different directions. The row number of a given cell is the number of sensor hit (start
sensor), the column number is the number of stop sensor. So normally you should get
approximately the same average in the i.th row and j.th column as in the j.th row and
i.th column. If the difference is too high, it can mean that the sensor with higher
average times is not correctly fastened into the tree or it is out of order. If the
difference is greater than 80 microsec (this value can be changed in fakopp2d.ini,
devlimit2), then the program shows a notification.

-Fakopp 3D v4.5 - D:\pProjectsFakoppdata’ 20090527 Hong kong' I ] 5]
File Export Help
Dlﬁr”'lﬂl 7 |X|
Motes I Time Data ;. Position Datal Distance Matlixl Welacity Matrixl Welocity Mapl
Standard deviations in % |
ar | fus 1 2 E |4 |5 |& |7 E E |1
71 1 180 [1Jus | 2951[2Jus 428 [1]us 5EB[Nus 643 [us B28[2us 395[2us 264 [2]us 1
[=1] 2 185 (3 us 151 [Fus 270 [4]us 392 [4Jus 497 [Slus B26[4]us B35 [E]us 403 [B]us 2
a5 3 297 [Blus 150 [2] us 142 [2Jus (258[3us 365[Slus 493 [5]us EB49[EJus 5B [Elus 4
121 4 405 [ us 257 [Zus 123 [2]us 1234 [MJus 237 [2Jus 265[2Jus 5271 [2Jus EIG[2us B
4] 5 B59[4]us 385 [1]us 239[3Jus 1391 us 13 [Jus 248[1]us 392 [1]us 517 [2]us &
46.0 E B51 [4]us 495 [4us 358[Elus 251 [3us 129[3us 145 [1Jus 282 [2Jus 407 [2Jus &
177 7 534 [Nus B20[2]us 483 [EJus 374 [A]us 242[4]us 28 ([0 us 154 [2lus 278 [2]us 4
354 8 390[2 us 522 [2Juz B30[Jus 516 ([ us 385[2Jus 28[0Jus  155[2]us 146 [1Jus |2
36 &) 267 [4]us 399[S]us S5B[B]us E48 [4us S1G[Elus 407 [4]us 281 [Slus 151 [Aus 1
51 10 142 [0 us 262 [0Juz (406 [1us B30 [1us B42[1]us 534 [2us 406 [1Jus 276 [2us 147 [1]us
K1 i
|Could not open COM port. v

Figure 12 The time matrix tab during the evaluation.

3.5.4 Position data

You can set the position of the sensors on this tab. You can choose between three
distance templates: Ellipse, Irregular and Longitudinal. In case of Ellipse and Irregular
the transducers are arranged in a single plane on the tree, in Longitudinal case the
transducers are in two planes, see more about this below.

In any case if you are typing the desired distance data, you can move between the
input cells with up/down arrow or the Enter button.

16
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All the distances are in cm.

Ellipse is recommended if the shape of tree is approximately circular or elliptical. In
this case you only have to measure 3 distances: D1 and D2 are the small and large
diameters (perpendicular) of the tree, C is its circumference. After you enter every
data a message appears that contains the distance from the 1st sensor along the
circumference. Place the 1st sensor to one end of the greater diameter, this is the 0
distance. Place all the other sensors to the distances calculated by the program in
clockwise order.

If the shape of the tree trunk is too far from ellipse (D2>2*D1 or C is not the same as
the circumference of an ellipse with D1 and D2 diameters within 15%), you get an
error message.

-Fakopp 3D v4.5 - D:\p' Projects'Fakopp',data’ 20090527 Hong kol - 101 x|
File Expaort Help

] =21 =

Mates I Time Datal Time Matrix §
Puosition template:

Distance b atriz I Welogity Matrixl Velocity Map I

[Elipse 2] | Gensor positions: (1}0.0 [2118.2 [3}:36.4 [4]54.5 [5:72.8 [ELS1.0 [7109.2 [8}127.4
[3]:145.6 [101163.8

Line I Distance [cm] |

C1 56.0
Dz BE.O
C 1820
FO oo

|Could not open COM part, A

Figure 13 The ellipse geometry model

Choose Irregular if the shape of tree is not elliptical. In this case you have to measure
(2n-3) distance data, where n is the number of sensors. First place the sensors on the
tree in a plane in clockwise order as you like, but try to keep roughly equal distances
between the sensors. After this you have to measure the distance between the given
sensor pairs. Make sure to type the distance to the correct input field, otherwise the
program will go wrong. The program calculates the coordinates of the sensors from

17
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these data and the image appears, you can use this image to check if the data you
entered was correct.

There is one additional input parameter for both position schemes at the bottom of the
list, this is the Penetration Depth or PD parameter. This is the depth at which the
sensor needles are driven inside the tree from the bark surface. It is necessary, because
when you register the geometry, you measure positions at the bark surface, however
the real propagation of sound starts from the end of the needles. The normal value for
this parameter is 3 cm, but for normal size trees (above 50 cm diameter) this value is
not critical. However, in case of small trees, it is important to enter this parameter
correctly.

.Fakopp 3D v4.5 - D:\p"Projects'Fakopp',data', 20090527 Hong kong = | [m] 5'
File Expart Help

==
Mates I Time Data I Time Matriz  Position Data | Distance Matrix | Velozity Matiz | Yelocity Map
Position template:

[TREETEM -
Line Dizstance [cm) -
1-6

ERE: ]

4 &0
-3 450

1

2

3

-0 25
95
a0
-4 50
E-5 25
E-7 25
E-2 &0
E-9 &0
E-10 595

FD 3
-

‘ |Cou|d nok open COM port. &

Figure 14 The irregular geometry model.
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3.5.5 Distance matrix

After every distance data is entered on the position tab, you can check all the distances
in the Distance Matrix. The applied unit is cm.

.Fakopp 2D 4.0 - C:\Program Files'Fakopp2D'Douglasfir.f2d ] i & IEllzj

File  Expart

niEE  E
Motes I Tirne Datal Time Matrix | Position Data Distance Matrix I\u"e_loc:ity Matrixl “Welncity Map
em |1 EE ¢ [ & |7 |8 |

14.2

1 160 (310 430 (480 440 340 220
2 171 37 420 444 403 330
3 | 185 |m0 3|8 423 405
4 | 180 32F 432 458
5 | 180 340 420
B 184 303
7

5

|Cpened portis): COME COM4 COMS COME COM7 COMS COMID COMI1 COMIZ COMLE CoMI4

Figure 15 The Distance Matrix.

3.5.6 Velocity matrix

There is a table on this tab containing the calculated velocities between each sensor.
Because of the time correction (M in the Position Tab, and the Species settings on the
Notes tab) the velocities in the table are not exactly the ratio of distance and measured
time. 90% of the average of of the selected (green background) velocities is used to
calculate the Reference Velocity. The Reference Velocity will be the Vmax value on
the Velocity Map. You can change the format of the shown velocities to percentage by
clicking on the “Show Relative Velocity” button. Clicking it again will change it back
to m/s.

19
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-Fakopp 2D 4.0 - C:\Program Files' Fakopp2D'Douglashr.f2d W i} & IEllzj

File Expart

DEl I

Motes I Tirne Datal Time_Métrixl P_os'i_tion'DaléI Distance Matrix  Velocity Matris | 4elocity Map_l
Fieterence Veloci = 1515 Shiow Fielative Yelacity
ms [1 |2 |z 4 [5 [e

2036 1529 1592

| 1455 1797
1440 1602|1605
B 1505 1488

2085 1978 1722

1947

oo o P b | oo fra =]

I [Cpened port(s): COMS COM4 COMS COME COM7 COMS COMID COMLL COMIZ COMLE COMI4 7

Figure 16 Velocity Matrix and the values selected to determine Reference
Velocity

3.5.7 Velocity map

The result is a 2-dimensional velocity map of the tree.

If there are enough time and distance data, the program calculates the velocity map in
1 or 2 seconds. On the left you can see the color scale. You can choose between
several color scales from Color template field. Vmin and Vmax mean the minimal and
maximal velocities regarding to the colors. You can change them with the + and -
buttons by 50 m/s steps or type another value into the edit box. The default value of
Vmax comes from the reference velocity. If you move the cursor over the map, the
velocity of the pixel under the cursor appears. The velocity map contains radial
velocities.

There are 3 visualization modes.

3D map shows the velocity map as a 3D surface. With the left mouse button clicked
you can rotate the surface. The coordinates and velocity at the mouse cursor is
displayed in a box. With the right mouse button clicked you can select a line
intersection of the map. This intersection can be exported to file in the Export menu.

20
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2D map shows the same map, the only difference is that it is shown in 2D and only
colors represent the velocity differences. A line intersection can also be selected with
the right mouse button.

Graph mode displays not the reconstructed interval velocity distribution, but the
measured velocity values between the sensors. The color of the lines corresponds for
the velocity values. Moving the mouse over the lines display the line velocity.

The velocity map has two imperfections.

The sound velocity in a hole inside the tree is same as in the air, 340 m/s but the
measured velocity will be remarkably higher. This is because the waves by-passes the
hole and therefore there is no method to measure the exact velocity inside a hole.
Generally, if the velocity decreases somewhere under 90-85% of the average velocity,
then there can be a hole or decay.

The other problem is that if there is a long narrow crack in the tree then it shadows the
nearby area and the result will not show a narrow crack but a much smaller and wider
area at the boundary.

The real resolution of the image depends of the number of sensors used. With 8
sensors you can detect any decay greater than 5% of the whole cross-sectional area.
With 32 transducers this ratio is 2%.

.Fakupp 2D 4.0 - D:\p'Projects'Fakopp’data‘ginkgo egeszsegesf2d B [=] 3]
File Export Help
D=
Notes | Time Data | Time Matris | Position Data | Distance Matr: | Velozity Matis  Velociy Map
Color template: Graph | 2D Map | 30 Map
W man
=
1700 e
r—

= |
‘1254.‘;J

W min 25 40

Figure 17 Velocity map visualization in 3D mode
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-Fakopp 2D 4.0 - D:\p' Projects' Fakopp' data ginkgo egeszseges.f2d = |Q ﬁ
Ele Export Heln

plelm| .
Notes | Time Diata | Time Matrix | Pasition Data| Distance Matrk |
mplate; IPurpIeHedYeIIowGreen ;I Giaph |20

ity Matrix Velocity Map

0
15
10
5
a
5
-10
-15
20
25
30 d
1254 ﬁ -30-25-20-15-10-5 0 5 10 15 2025 30 Xfem]
W miny
| | 4
Figure 18 Velocity map visualization in 2D mode
-Fakopp 2D 4.0 - ‘Projects'Fakopp'data’ginkgo egeszseges.f2d = |E|1{
e Export Help
Nates | Time Data | Time
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Figure 19 The velocity lines
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4. Fakopp Multilayer Viewer

If you create measurements of a single tree at several heights, it can be useful to show
the results on a single image in three dimensions. The Fakopp Multilayer Viewer
solves this problem and assembles 2D images into a 3D reconstruction of the tree.

4.1 Requirements

- Windows 2000 or higher
- 2MB free space on your hard disk
- .NET Framework v2.0 or later

4.2 Installation

This software is installed along with the Fakopp 3D software.

4.3 Usage

Fakopp Multilayer Viewer assembles ready measurements in .f2d files together. All
measurements have to be with same sensor number and tree species. To add a new

layer, click the | A9dLa¥ET uton in the toolbar. You can change the display name
of the layer and most importantly set the layer height from the ground in centimeters.

You can later modify the layer options with the Ef icon. Any layer can be deleted
with the r icon.
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Figure 20 Enter layer height when adding new layer

After adding several layers at several heights, you can choose between two view
modes.

You can view each single layer, just like in the Fakopp 3D software by selecting the
layer itself from the layer list. You can switch between 2D and 3D view mode with the

icon.

[BlFakopp Multi Layer - New Project 1 —(ofz|
[ = BIR o |- addiaver (2 8 2 |1 | purpieRed-telow-s = @

= Hen et =

' Middle (100 cm]

— Top(190cm) 190 [ Ta a0

- 100

‘ a0
6071 m/5 - B

U 10 20 3 4 0 0 70 8 8 10 110 120 180 14 (cm)

Layer Top added Madlfied! _;:

Figure 21 Single layer view mode in 2D

To view the assembled 3D structure, select the project name (topmost element) from
the layer list. You need to have at least 2 layers added for this mode to work.
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Figure 22 Multilayer view mode without cutting plane

In multilayer view mode a vertical cutting plane can be inserted between the layers.
This plane shows interpolated values of the two layers. The plane is always in the
middle of the layers and faces the viewer. You can turn on the cutting plane with the

D icon.
E S
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Figure 23 Multilayer view mode with cutting plane
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Each view can be rotated with the mouse. The color template and velocity limits can
be changed the same way as in the Fakopp 3D software.

A project can be saved with the @ icon or saved with a new name with the @ icon.
An existing project can be loaded with the E’ icon or a totally new project can be

started with the [ icon. Use the @I icon to get some help.
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5. Using Fakopp 3D

This section describes practical knowledge, tips and tricks for using the Fakopp 3D
system.

5.1 Setting up the hardware

When going to a new tree, find a relatively clear spot for the case. Examine the tree
and select the height where you would like to do the measurement and decide if the
tree looks elliptical of irregular.

PCor
Laptop

Battery
unit

The first step is to attach the sensors. Use the rubber hammer for this purpose. The nail
has to penetrate the bark and a good coupling is very important between the nail and
the wood material, so the sensors have to be so tight that you can not rotate them with

27



Fakopp 3D Acoustic Tomograph - User’s Manual - www.fakopp.com

3 outstretched fingers. Coupling is so important, that if you notice later, when tapping
the sensors with the steel hammer that a sensor moved more inside the tree and was
not coupled good enough, you have to fix it with the rubber hammer and start with
tapping all the sensors from the beginning again.

If you choose irregular position mode, you can place the sensors as you like, roughly
the same distance is advised between the sensors, but it is not a requirement. When
you are ready, you have to measure the distances with the caliper between those
sensor pairs which the software asks for.

If you choose ellipse position mode, you need to fix the first transducer at one end of
the large diameter of the tree. Fix the tape around the tree with this only sensor as
shown on the image below. Measure the large and small diameters of the tree with the
caliper and enter these data along with the circumference to the software. The software
will calculate the position of each sensor along the tape on the trunk. Make sure to
remove the line after placing the sensors because steel can act as an acoustic
conductor.

Figure 24 he way to fix the tape with the first transducer
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The sensors need to be placed on a plane perpendicular to the grains. So if the tree is
bent, this plane will not be parallel to the ground, but tilted to the same angle as the
tree is bent.

The next step is to connect the amplifier boxes to the sensors with the BNC
connectors. Make sure not to cross a cable and connect the correct amplifier channels
to the correct sensors because it can mess up your whole measurement. The sensors
are numbered as well, but they are identical so they can be interchanged.

After the amplifier boxes are connected to the sensors you need to connect the
amplifier boxes with each other with the cables provided. Connect neighbouring boxes
with the bottom connector of one box and the side connector of the other and make
sure to apply correct connector positioning as explained in section 2.2. When you are
ready connecting the amplifier boxes, you can connect the battery box, but keep it
turned off while connecting. You can connect it to the first or the last amplifier box as
well.
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5.2 Setting up the Bletooth connection

To connect your PC to Fakopp 3D, you need to set up the Bluetooth connection in
Windows. This process is explained here step by step for Windows XP, but it is
almost the same for other Windows versions.

Step 1: Go to the Control Panel and select Bluetooth, double-click it.

loixi
He Edt o Help | &
Ot - - ¥ Pmact [ roes [ [ 2 Xlt)‘,
adekess [ Control Panel EIBE
[ s W
& Add Hardware o Displsy  Folder Options
Z w )
Fonts Game. Intel(R) GMA  Internet Keyboard MobileMe Mouse Network  Network Setup  Phone anc d
Controlers Drverfor .. Options Wizard  Hodem
% & a @ ¥e
Power Optons Prntersand  QuickTine  Regionaland  Scanners System Taskbar ancd
Fares Language . G Startens
& @ 65 § e «
TrackPoint  User Accounts User Accounts  Windaws Windows Wireless
Sty 20 Cadspace  Frewsl  Network se.
orfigure and manage you Bluetooth devices, 7
Bluetooth Devices x|

Devices | Options | COM Forts | Hardware |

S

Eiopeties

Ok

Concel | fepls
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Step 3: Select My device is set up and ready to be found and click Next. Make sure to
turn the battery box on before clicking next. The green led should light if you press the

yellow button on the battery box. Otherwise the battery should be recharged.
=

® Welcome to the Add Bluetooth
Device Wizard

Before proceeding, refer ta the "Bluetaath' section of the
device documentation. Then set up your device so that your
computer can find it

- Tumit on

- Make it discoverable [visible)

- Give it a name [optional]

- Press the button on the battom of the device
[keyboards and mice only)

[ My device i set up and ready to be found.

() Add only Blustooth devices that you tust,

< Back (l Mest » ' Cancel I

Step 4: Wait until the system finds the converter. If the converter can not be found
make sure again that the battery box is turned on and that your Bluetooth receiver in
your PC is installed properly.

x

Select the Bluetooth device that you want to add. @

,jfl If you don't zee the device that you want to add, make zure that it iz
turned on. Follow the setup instructions that came with the device, o h Agai |
and then click Search Again. LB A

Hest > | Cancel |
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Step 5: If everything works fine, you should see the converter in the list. Select it and
click Next. If Windows can not find your device, try turning Fakopp 3D off and on

again and search again.
x|

Add Bluetooth Device Wizard

Select the Bluetooth device that you want to add. ®®

j) If you don't gee the device that you want to add, make sure that it iz
turned on. Follow the setup instructions that came with the device, Search Again |

and then click Search Again.
< Back [ I Mext > II Cancel |

i —

Step 6: Select the Use the passkey found in the documentation and type 1234. Click

Next.
Add Bluetooth Device Wizard =

Do you need a passkey to add your device? ®®

T answer this question, refer to the “Bluetooth” section of the docurmentation that came with
your device, If the documentation specifies a passkey, uze that one.

" Choose a passkey for me

@e the passkey found in the documentation: @

" Let me choose my own passkey:
" Don'tuse a passkey

® “You should always use a passkey, unless pour device does not suppart one. 'We
recommend using a passkey that is 8 to 15 digitz long. The langer the passkey, the

more secure it will be.
< Back [ i Mext > ID Cancel

e
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Step 7: See as the system sets up the converter.

Add Bluetooth Device Wizard x|

Windows is exchanging passkeys. g®

wihen instructed below, enter the passkey using your Blustooth device.

For mare information about entering a passkey, see the documentation that came with your
device.

" Connecting...
" Pleaze enter the passkey on your Bluetooth device now.
Passkey: 1234

} Installing Bluetooth device. ..

< Back | Test > | Cancel |

Step 8: On the final page you can find the COM port numbers. The Fakopp software
can find these numbers automatically for you, so you don’t need them, unless you
want to test the communication with the HyperTerminal program for Windows. Click

Finish.
Add Bluetooth De Wizard =

® Completing the Add Bluetooth
Device Wizard

The Bluetaaoth device was successfully connected to vour
computer. Vour computer and the device can communicate
whenever they are near each ather.

These are the COM [zerial] ports azsigned to vour device.
Outgoing COM port:  COM4
Incoming COM port: COMT

Leam more about

To close this wizard, click Finish.

< Back [I Finizh I )] Carce

_—_——
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Step 9: This is the screen you should see after the successful setup.
x

Devices | Options | COM Pors | Hardware |

All other devices

* FireFly-3E83
Fasskey enabled

Bemove Eropeities

L e

Step 10: To test the connection, start the HyperTerminal in Star / Programs /
Accessories / Communication / HyperTerminal. At the start it asks for some telephone
numbers because this program was also used for modem connections; just press cancel
and yes on the first two screens.

Location Information x|

Before you can make any phone or modem connections,
‘Windows needs the following information about wour current
location,

What countryAregion are you in now?

‘What area code [or city code] are pou in now?

IF pou need ta specify a carrier code, what i it?

IF pou dial 3 number to access an gutside line, what i it?

|

The phone system at this location uses;

* Tone disling " Pulsz dialing

.
Confirm Cancel =]

'E ‘Windows needs telephone information about the location From which you will be dialing. IF vou cancel without
L

providing this information, this program may not Function correctly when dialing. In addition, some applications
respond to your canceling this dialog box by immediately re-posting it.
Are you sure you want to cancel?
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Step 11: Give a name to the connection, just any name, it does not matter. Let’s say

f2d.
Connection Description ilil

i MNew Connection

Enter a name and chooze an icon for the connection:

Mame:

ji2d

Ok I Cancel |

Step 12: In the COM port list you have to select the outgoing port and click OK.

Connect Ta | Settings I

Change lzan...

Country/regior: I j

Enter the area code withaut the long-distance prefis.

Arga code: I

Phane number: I

Copnect using: h

Configure... |

ge countnifregion code and area code
edial o busy

W

iU
CE

( ak. D Cancel
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Step 13: Click the Call icon to start the connection. If it is possible to connect to the
selected COM port, the Bluetooth window should also signalize the connection.
Otherwise try to select a different COM port.

B A S Bluetaoth Devices x|
0 " E == Davices | mptions | COM Perts | Herdware |
=]

— All other devices

FireFly-9E89
B3 sacdarped

Bemove Piopeies
= ok Cancel Bpply
iscomnected [t detect _ urodetect 00U [chs [0 [coe o 7

Step 14: Tap a couple of times at any of the sensors to generate some data traffic. You
should have the raw transmitted data on your screen. Now you can be sure that the
communication between Fakopp 3D and the PC works fine.

=lolx|
Eile Edit View Call Iransfer Help
s E]

N Ll

(Connected 0:01:46 [uto detect (2400 &1 SCROLL  [CAPS [NUM  [Capture [Print echo
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Step 15: Start the Fakopp 3D software, but don’t forget to close HyperTerminal,
otherwise the com port will be blocked and you can not get anything in the Fakopp 3D
software. Set the number of sensors (channels) you have and select Auto in the COM
port list. You can also select the same COM port which worked in HyperTerminal,
however the Auto mode is recommended because it opens every COM port in the
same time and you don’t have to know the exact port number. The list of opened
COM ports is in the status bar at the bottom. You always have to make sure that no
other program (HyperTerminal, another running Fakopp 3D software or anything)

uses the COM port.
i5lx

Fil= Export Help

m] == 1

Notes | Time Dats | Time Matiix | Posifon Dats | Distance Matrs | elociy Mati | velaciy hap |

Species Channels B Pt
[Platanus Decidentalis | |18 | AT -
Addtionsl notes:

\@ned port(s): COM4 COW A

Step 16: Go to the Time Data tab and tap a couple of times at the sensors. You should
see your data arriving. You can always break and rebuild the connection with the
connect/disconnect icons at the top, so you don’t need to restart the program. The
number of COM port where the last data arrived from is in the status bar at the bottom.

B rakopp 2D v4.5 - Untitled* —|oj x|
Eile Export Help
] =)= L b
Motes  Time Daia | Tiime Matiix | Position Data | Distance Matrix | Velacity Matrix | Velociy Map
~Data count——
f 1 J2 Ja J+ 5 s |7
> 2 0 B2 | 424 = 02 |17
3
4
5
e l7
I~ Autofiter| " Delete Selected | Delete Last Clear Invalid Clear
[ata oncorm, J Opened port(s): COM4 COM7. 7
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Step 17: Finally, if the communication does not work at any stage, use the standard
method for solving IT problems: turn off the Fakopp 3D hardware, close every
program and remove the converter from the Bluetooth device list, you can even restart
your PC. Turn on the Fakopp 3D hardware again, re-install the converter based on this
tutorial and try to get the data again.

5.3 Collecting time data

To get the sound wave traveltimes between the sensors, you need to start the Fakopp
3D software after setting up the bluetooth connection. Turn on Fakopp 3D with the
switch on the battery box and start the Fakopp 3D software. If you forgot to turn on

Fakopp 3D before you started the software, no problem. Just click the _J icon in the

toolbar to disconnect and click the _I icon to connect again. If you still have the
Bluetooth Devices window open (see the image of Step 13 of chapter 6.2), you should
see the “Connected” status appear there. If you would like to switch off Fakopp 3D
while still using the software, you can do it without any problems, but in case you

switch it on again, use the _J and _l icons to rebuild the connection.
It is recomended to keep the COM port on AUTO, otherwise you need to know the
exact port number.

If everything looks fine, you can switch to Time data tab and start tapping the sensors.

A good tap is:
- in the direction of the sensor needle
- at the center of the sensor
- with uniform power
- hammer speed is relatively high
- hammer springs immediately back from the sensor head
- atleast 1 second between two taps

Bad taps are:
- on the side of the sensor
- with very low or non-uniform power
- hammer remains on the sensor head after tapping
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If you make a bad tap, delete it immediately from the time data list with the Dele Last
button. Be careful not to tap on the cable connecting point or on the cable because it
will damage the sensor.

At least 3, but possibly 5 taps are recommended per sensor. When you tapped all the
sensors, examine the collected data and compare rows from the same sensors. Up to
3% deviation is acceptable, but if you find a line to be deviated from the others too
much, select and remove it with the Delete Selected button. If a sensor is not coupled
tight enough to the wood, you may see greater deviations. There is a built-in filtering
for this purpose which you can use by ticking the Auto Filter checkbox which labels
some lines with ‘Filtered’ and these lines will be excluded from the evaluation.
However, it is recommended to do this check and filtering manually as well.

When your batteries are getting tired, you may start receiving 28 microseconds on any
sensor. This is definitely bad data which will damage your whole measurement so
delete lines containing 28s.

You can check the average time deviations after the + sign in the Time Matrix tab. If
you find some values too high (above 3%), go back to the Time Data tab and review
the data received from / to those sensors. On the left of the time matrix there is a list
labeled with dT. This includes the average deviations of times measured when a
sensor was tapped (start) and when it received the sound wave (stop). If this deviation
is too high, it can also indicate bad coupling.

5.4 Interpreting the results

When enough time data are collected and the sensor positions are registered correctly,
you can move to evaluation on the Velocity Map tab. You are free to choose between
2D and 3D visualization of the interval velocity distribution.

The velocity map has two imperfections.

The sound velocity in a hole inside the tree is same as in the air, 340 m/s but the
measured velocity will be remarkably higher. This is because the waves by-passes the
hole and therefore there is no method to measure the exact velocity inside a hole.
Generally, if the velocity decreases somewhere under 90-85% of the average velocity,
then there can be a hole or decay.

The other problem is that if there is a long narrow crack in the tree then it shadows the

nearby area and the result will not show a narrow crack but a much smaller and wider
area at the boundary.
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The real resolution of the image depends of the number of sensors used. With 8
sensors you can detect any decay greater than 5% of the whole cross-sectional area.
With 32 transducers this ratio is 2%.

5.5 Taking apart

When you are ready with the measurement, the parts of the system can be removed on
a backward way. So first turn off the battery box, remove the cables between the
amplifier boxes, remove the sensors from the amplifier boxes and finally remove the
sensors. Please note that if you make another measurement nearby and don!t would
like to take apart all cable connections, you still need to disconnect the sensors from
the amplifier boxes before pulling out the sensors from the tree, otherwise the
connectors may be damaged.

To deattach the sensors from the tree you have two possibilities. First, you can use the
sensor remover which is a very convenient way. Just attach the remover to the sensor,
use the weight a couple of times and the sensor is out.

The other method is the manual method. Grab a sensor so that the sensor head is in
your palm and hold the cable connecting point (but not the cable!) with your fingers.
Start rotating the sensor around the needle there and back and pull it in the same time
while rotating. In this way the can be pulled out.

Don’t use the hammer handle as a support under the cable connecting point to pull the
sensor out, because this applies a sideway force to the needle which can bend or break
it on the long run. Be very careful not to damage the cable during the process.
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6. Contacts

If you have any question or problems, don’t hesitate to contact us.
Fakopp Bt.

Address:

Fenyo u 26
H-9423, Agfalva
Hungary

Website: www.fakopp.com
E-mail: office@fakopp.com

Tel: +36 99 510 996
Fax: +36 99 33 00 99
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