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EPro 1.0

Non-contact erosion profiling

by Palle Meinert

EPro is an Erosion PROfiling program, which was original, developed for
the Hydraulics and Coastal Engineering group at Aalborg University. Its
purpose was/is to make non-contact 3D-measurements of breakwaters,
seabed etc. in order to determine erosion. The distances are measured by
laser.

All measured profiles are grouped into projects. After measurement, the
results are graphically presented and can be examined in details.
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EPro is a so-called MDI-application, which can have multiple projects open at the same time.

»Erosion profiler M=) X

File Edit View Grid Tools Window Help
5 D & & [ &[N € K HE D=

o

Praofiles | Data | Properties

Operatian { Pr

~Tests2_ver38.EPP
profiles L
Profiles | Data |Er0perties

BeforeTest|| [ |Editdata

Testdl
TouT Test 77 |

Testd? R l,____

Tastia i oo { 2.000

Testd4 ] E |

BeforeTest - f

Testdh 1.0004}1.000
1

Testdh
Testd?
Testdd_MNo w 1]
Before Test
Testd9
Testan
TestN
Testd2

@B Testd

Frofiled: 0%

[ O ] < [ W

200 400 600 800 1.000 1.500 2.000 2.5
* [mim] Z [rnrm]

Yix=Mean Z=2130) =-593 Y{x¥=Mmean Z=2130) = -593

In top of the window, a toolbar is giving quick access to the most common operations. From left to right
these are:

el D@ & &b F% K HEHE
8. 9. 10 11

1. 2. 8. 4, 5. 6. 7. 12. 13. 14. 15. 16.

Function
Connect/disconnect profiler

New profile

New project

Open project

Save project

Offset profiles

Print charts

Export data

Set limits for working area

Manual control the profiler

. Open Preferences dialog

. Edit advanced properties for charts
. Toggle between range and palette coloring
. Toggle OpenGL

Z
.‘990.\‘9”9":';93!\’!“|P

e ol
AWNPRO

[E=Y
ol

. Toggle display dfauright® peditianioiverbitytdydraulic & Coastal Engineering Group, 2004. All rights reserved.
. Toggle fullscreen
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1.1 Connect/disconnect profiler
This will connect/disconnect to the profiler using the communication parameter set up in preferences.
If everything is right and connection is successful the set limits dialog will be displayed allowing the
position of origo to be defined. This is needed if the motors have been off; otherwise, absolute
movement is not possible.
1.2  Set limits
Limits X
If the step-motars hawe bheen .
powered off, profiling can nat LEﬂ x ng ht
be done before at least origo
has been defined 0 Ut (0 poe) 862
Setleft ‘ 4 H 2 ‘ ‘ Set right ‘
Backward 7 Forward
Set Origo = 0 0mm (0 pos) 1873
Set backward ‘ ‘ H } ‘ ‘ Set forward ‘
Up v Down
Speed: 30 < lirom] 0 0rm (0 pos) -825
‘ Setup ‘ ‘ ‘ H } ‘ ‘ Set down ‘
Feset motors l Festore last flashed values [ OK ] l Cancel l

The set limits dialog serve three purposes:

1. Definition of origo

Except in this dialog, all movements are done using absolute coordinates. However, this is only

possible when the motors know their position. Therefore, definition of origo is required.

Origo = left-limit + backward-limit + up-limit

2. Define movement boundaries

Setting the boundary of movement, defines the profiler's working space. However, in this dialog, it is
possible to move the profiler beyond the limits. When creating a new project, it is checked that, the

profiling-area does not exceed these limits.

Axis movement is done by pressing the arrows-buttons. For increased precision, the speed can be
adjusted. The recommended order to perform a full limit definition is:

define up-limit
define down-limit

define left limit
define backward-limit
define right limit
define forward limit

Nogr~wNhE

move to upper position to avoid possible collision before horizontal movement

Copyright© Aalborg University, Hydraulic & Coastal Engineering Group, 2004. All rights reserved.
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1.3

3. Determine and verify position/mm ratio
Since this dialog shows the internal position-count of each motor, it can be used to determine the
conversion-ratio between [positions] and [mm] (see Calibration units).

Reset motors
See Reset motors.

Manual control

«Manual control =03
Harizantal “ertical
A Target=0 0
Farward MooOBR @ m
= =2 8 8 B (o
1873 ; ; ; ;
1800t 1.800 ~ | Up
7l Lol eno :
(o 14004 v rop 1400
[Leek 12004 ----4----t----------i-f 1200 v
1000 {7 op 1,000
ol o
sooll— e
i R
R
0 "0
(] =) I (&3] o
Backward 2 8 8 8
0 v Laser signal = 0 Laser errar signal = 0
{ } Dawen
hd -85
x .
Let |0 (1)] Fight L
0 Lok 2 w7 [«
Speed: 1000 |~ |[ram) | Return to origo |
X Stop oK l [ Cancel ]
l go to [nitial position l

In this dialog, the profiler can be moved manually. Movement is done using absolute coordinates, if no
movement happens it is most likely because, origo has not been defined, in the set limits dialog.

Each axis is presented with a slider. Any change on these slider results in instant movement of the
profiler.

Horizontal movement can also be done by dragging the green marker to a desired position. The red
marker indicates the profilers actually position and is constantly keeping up with the green marker on
any horizontal position change. If the mouse is equipped with a scroll button, it will control vertical
movement.

The profiler can also be controlled by keyboard using the cursor-keys for horizontal movement and
page-up/down for vertical movement. If combined with the CTRL-key increments will be 1mm else

Lomm. Copyright© Aalborg University, Hydraulic & Coastal Engineering Group, 2004. All rights reserved.
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Each of the horizontal axes can be locked at a certain position, by checking its lock-checkbox.

Control Description

Speed :  Speed of all movement. Speed cannot exceed the maximum allowed speed set up in
preferences.

Return to : Moves the profiler to origo.

origo

Gotoinitial : Just like return to origo, except the backward/forward-axis is moved to maximum

position forward. This is useful for parking the profiler during tests.

Stop :  Emergency stop button, to stop all movement immediately.

SWL : SWL used for calculating target

This dialog is also useful for calibrating the laser, since it displays raw voltage output from the laser
together with the calculated position of the target. To obtain reliable results please make sure to set
the SWL (still water level) if water is present.

1.4 Reset motors

If the motors have been overloaded, they sometimes raise an internal error-flag and cease to operate
until this flag has been cleared. Pressing the reset-button will clear the motors and restore the last
flashed values. If the motors still refuse to operate, try switching off and on the power. This operation
will also clear any position memory in the motors and a new definition of origo is required, see Set
limits.

Copyright© Aalborg University, Hydraulic & Coastal Engineering Group, 2004. All rights reserved.
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1.5

Create new project

A project is a compilation of uniform profiles. In this context, uniform means, profiles with identical

profiling area.

When selecting new-project a dialog appear where these points must be defined. These points can be

entered as an array with start, stop and interval or as custom points. This can be done individually for
the X- and Z-axis. Examples of all four combinations are shown below.

# New project

# New project

AN ZAxis AN ZAxis
Fegular | Selected Fegular | Selected Fegular | Selected Regular || Selected
10
Intersal: Intersal: Intersal: 21
15 B 15 40
80
160
Start: Start; Start: 320
350 ™ 0 T 350 i 540
(Min lirnit = Drarm) {Min limit = Orrre) (Min lirnit = Drarm) 1280
End: End: End:
05 s 1215 B 05 s &
Mz limit = 931 mm) Mz limit = 931 mm) Mz limit = 931 mm)
[ Ok ‘ l Cancel ] [ Ok ‘ l Cancel ]
or
or
" New project " New project
AN 2 RS 2
Regular || Selected Fegular | Selected Regular || Selected Regular || Selected
100 100 10
200 Intarval: 200 20
300 B 300 40
400 400 80
160
Start: 320
0 B 540
1280
(Min limit = Omrm)
End:
1215 -y
i [ [
Mz limit = 931 mm)
[ Ok ‘ l Cancel ] [ Ok ‘ l Cancel ]
or

Copyright© Aalborg University, Hydraulic & Coastal Engineering Group, 2004. All rights reserved.
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»Erosion profiler - [Tests2_ver7.EPP]

# File Edit
& = = R 4

Profiles

Data | Eroperies

Operation { Profiles

‘ profiles ‘ Damage

z BeforeTestd0_MoWWater e
|| Testdl
Testdl
Testd?
Testd3
|| Testdd
Before Testdh_MNoWater
Testdh
Testds
Testd?
Testdd_MNoWater

Frofiled: 05-02-2004 14:35:30

View Grid Tools

g L

1.000

Window Help

% K

1.500

1.000

400
-500

‘= -600 |

1=

— -700
500

-900 §------

------------------

|| BeforeTestad_Mowstar E ;

[ |Testa A A R e ]

[ | Testan oot

|| Testd1 ' i '

| |Testaz £ -6004------ EEREEEE FEEERE CERRREE

|| Testd3_Mavwater E 70 :

|_|BeforeTest34_MoWater »> 700 L R T e
Testdq | T

| Testss wllh ¥

|| Testds -900 St

| Tests? v : . .
Toctn 0 400 600 600

@E] BeforeTestd0_MNoWater ¥ [mm]

1.500 2.000
Z [rnrn]

1.000

Y(X=440,Z=1420) = -430

¥(¥=440,7=1420) = -430

The project window is split into two parts.

1.
2.

data and information tabs
graphical presentation of the measurements

Copyright© Aalborg University, Hydraulic & Coastal Engineering Group, 2004. All rights reserved.
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2.1 Information / data

The information/data is used to manage the measured data.

Frofiles | Data | Properties Profiles | Date | Properies
Dperation / Profiles Infarmation
‘ profiles ‘Qamage ChProfilerProjectsh Thomasitest2_
Date:  05-02-2004 14:00:14
BeforeTestd0_MNaoWater -
| | Testao X wvalues Zvalues
W
| | Testa ] e e
Testd4 Z0 &30
o= -
Profiled: 09-02-2004 12:28:08
Damage settings MNotes
& [m] 0,036 Maominel unit diameter Enter notes here
2587
o [kaimd oo Fock density
5
e [kg] 0 Or rrean unit mass
a2 0N

[ ]Single largest eroded area
[ | onkyinclude eroded areas > (On50j2 [24]

[ ] Only areas within this - range [mm] =

[ ]Only areas within this 2 - range [mm] =

Update damage

ProfilesThis tab controls the profiles. Profiles can be enabled and disabled individually. When two
profiles is selected, it is possible to make a damage calculation. The damage calculation will determine
the eroded area between two profiles and calculate a damage value, which tell how many of elements
with a nominal unit diameter of Dn50 would fit into the eroded area. The area considered during a
damage calculation, can be reduced by applying some filters.

Properties
This tab will display the properties of the project. It is also possible to write additional notes.

Data

This tab show all the measurements (and error values) in tabular form. The data can be colored either
by magnitude or by error. When a cell is selected, it position is indicated on the charts. A double click
on the grid will move the profiler to the location of the measurement. Selecting the grid menu or
clicking with the right mouse button will bring up the following menu, giving access to various editing

Copyright© Aalborg University, Hydraulic & Coastal Engineering Group, 2004. All rights reserved.



EPro Help Document

and navigation possibilities.

Profles | Data | Properties

Color Measure| » | |Mea:
Before Testdl_Movwwater Testdd Zoom in (Clrl+Shift+I)
Result Zoom out (Cl+Shift+Q)

7 v x|Mead 600 610 620 630 € o Restore cell size (Crl+Shift+R)

S EEY 4 -8 (8|4 - v Show measure data (Cirl+Shift+M)

a8 (1301 4 13 - Show error data (Crl+Shift+E)

10200 13 | 32 30 0 18

ool 22 | 34 43 12 18 | v Show no color  (Crl+Shift+ 1)

ool 30114 22 10 18 ¢ Show measure color (Cirl+Shift+2)

a90l 39 | 45 13 27 10 ¢ show error color  (Cirl+Shift+3)

GB0| 46 | B2 59 47 34 Edit data Ctri+F2
970| 43 | 55 55 BB B3 & LocateHighestyalue Cirl+H
Be0| 53 | A1 B2 B8 5B Locate next high value (Crl+Shift+H)

90| 85 | 42 78 73 73 LocateLowestialue Cil+L

9401 51 | B1 81 71 73
930 49 | B4 B? 74 R P
920 47 | 76 BY B BR
9in| 44 | 47 63 GO 74 - Mark sub area FS
qo0 42 | 40 35 B2 A1 Select Al Cirl+A
aapl 35 | 23 R 28 31

genl 27 |19 34 10 & o

Locate next low wvalue (Cirl+Shift+L)

Smooth sub area Shift+Cirl+F5
offset profile(s) F3

< >

Copyright© Aalborg University, Hydraulic & Coastal Engineering Group, 2004. All rights reserved.
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2.2  Grahical representation

200 400 600

Tk

1.500

1.000

Y(X=310,Z=1110) = -415

-500 -900
0 100 200 300 400 500 600 700 800 1.000 1.500 2.000 2.50
w [rm] Z [mm]
¥(¥=310,Z=1110) = -415 ¥(¥=310,Z=1110) = -415

There are four charts used to display the measurements graphically.
1. Contour chart

2. Surface chart

3. y-z cross-section

4. y-x cross-section

All charts can be printed or exported as either graphic or data. This is either done from the right click
popup menu or from the file menu.

Copyright© Aalborg University, Hydraulic & Coastal Engineering Group, 2004. All rights reserved.
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200

=
=

1.000

) Yix=640,7=1460) = -95
Ons0 = 0,036m, eroded area = 0m*2, damage = 0| Dns0 = 0,036m, eroded area = 0,0843m"2, damadge = 65,1

[ S S G P - T
— u y _ 0 ;
= ! = i
S -a00 i S -500
1
1
0 100 200 300 400 500 s0O0 700 800 1.000 1.500 2.000 2.5010
# [mm) Z [mim]
EEEE “Erosion EEEER <Erosion
BeforeTests0_Mowater ZAxs BeforeTestE0_Movwater_kAxis
Testgd Zaxis Testgd XAxis
Y(¥=6407=1460) = -96 Y(%=640 Z=1460] = -95
Damage calculation will also show the size of the eroded area.
2.3  Offset profiles
" * g4
» Offset profiles = OJES
Dffset Apply on
(®) Oftset profilels) according to fix-point _
o . — (@) Active profile
Lewel in fix-point -426 -
Axis Back/Forward _
Coordinate: 310 v 1600 w () Selected profiles

() Offset profile(s) by a constant value

Offset 0 () Al prafiles

l [8]:4 ‘ ‘ Cancel ‘

When comparing profiles it is important, that origo is the same. However, it can happen that the offset
of the profiles differs. This dialog can change the offset of the profiles. The can be done in two ways.

1. Offset according to fix-point
It is recommended to include a non-eroding area in the measurement area. This could for example be
a part of the concrete floor. Then all profiles can aligned to have a stated value in stated fix-point.

2. Offset by constant value
Offset profiles by constant value.

Copyright© Aalborg University, Hydraulic & Coastal Engineering Group, 2004. All rights reserved.
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2.4

13

Smooth profile

" Average filter Q@ b ¢

Center point weight 1 Surround pointweight |1 Mum of passes 1

Frofile name: Frofilel_Filter?

/ /

Befare

Apply filter [ Ok ] [ Cancel

The smooth profile dialog will apply a average filter on the profile or selected sub-area. The result will
be stored as a new profile, so the old measurements are preserved. The dialog shows the original

profile together with the new profiler for comparison. The average filter covers a square of nine
measure points of which it will calculate the mean. This value will be assigned to the center

measure-point.

Parameter Description

Center point weight : How many times the value of the center point it self should count.
Surround point :  How many times the value of each of the surround 8 values should count.
weight

Num of passes : how many time the average filter should be repeated.

Copyright© Aalborg University, Hydraulic & Coastal Engineering Group, 2004. All rights reserved.
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~Profiling Project1_16-07-2004.EPP M= X

Log [V]Realtime update screen

stacked

0 50 100150200250300350400450500550600650 700 500 800 1.000 1.200 1.400 1.600

¥ [mm] Z [mm]
Still water lewel MName
®) Still water lavel L @ Profiled

() Mo still water level Start below Sl

Caontrol
& | =y o %
Eref. [ . Beposition Pause OK Abort
Start
lime elapsed: 00:13:13 Remaining: 00:17:40 Readings: 0Good (100%) 3298/7738Progress (43%) [

Profiling is done according to the speed, acceleration, direction and parameters chosen under
preferences. It is important to fit those settings to the current project.

Most important is, that the vertical velocity and acceleration together with profiling frequency is set
sufficiently high compared to the horizontal velocity in order for the profiler to react and avoid
obstacles.

The profiling algorithm has some built in mechanism to avoid collision. This mechanism compares the
current laser reading with the last valid reading and has some built in rules about how big a deviation is
allowed before a reposition is requested. The size of the accepted deviation is based on the laser
working range and its vertical position in relation to a possible water surface.

If the anti collision mechanism is preventing the profiler from reaching the target, proper operation can
be resumed by forcing a reposition. However, | might be better to abort the profiling, manually remove
the faulty measurements in the restart file, and resume profiling.

Since no previous target exist at start, anti collision mechanism is not active and is important that the
laser get a reading of the first measure point to avoid collision. Under a forced reposition, anti collision
is also disabled and the same conditions apply.

If collision happens, it will be detected and the collision position will be considered a measurement.

Copyright© Aalborg University, Hydraulic & Coastal Engineering Group, 2004. All rights reserved.
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3.1 Control

Profiling is started by selecting "new profile" in the file menu or hitting ﬂJ\'J on the tool-bar. However, the
following condition must be satisfied before profiling can start:

===

- Program has established connection 7 1o profiler and origo is defined
- A project is active

Still water lewel MName

1®) Still water level -658 E\E Profiled

() Mo still water level Start below Syl

Caontrol
& 1N =y ol ox
Eref. Manual cont. Beposition Pause QK dhort

Start
'ime elapsed: 00:13:13 Remaining: 00:17:40 Readings: 0Good (100%) 3298/7738Progress (43%) [ii]

If an incomplete profiling exists for the current project, the program will ask whether to continue this
profiling or start from the beginning.

Before starting the profiling, the program must know the still water level if water is present. This is
needed to proper translate the laser signal into a distance.

Field
Still water level :

Start below
SWL

No still water
level
Name

Description
Check if water is present in the profiling area. If water is present, the level must be

entered. The level required is the vertical-position of the laser when touching the
water surface with the glass in front of the laser. This value can be detected
manually by pressing the attached button on the right of the input field.

Check if first measure point is located deeper than the lasers under-water-minimum
below water surface. This prevent the profiler from measuring the water surface as
an target.

Check if no water is present within the profiling area.

The name of the profile. This can be modified later on. Note that only the following
characters are valid a-z, A-Z, 0-9 and "_"

In the control-section a few buttons is located which interact with the profiler and the profiling

algorithm.

Button
Start

Pref.

Reposition

Pause/Continu :

e

Manual control :

Description
Start the profiling. Will first be enabled when a valid still water level and show point

has been entered

Short cut to the Profiling direction tab under preferences. This gives the possibility to
change various profiling parameters. E.g. direction and speed. Some parameters
changed while profiling is running will not be active until next time profiling is started.
Forces the profiler to move up and make a new search for target. This is very useful
to get the profiler back on track.

Pauses or continue profiling

Display the manual control dialog and allow moving the profiler. On continue the
profiler automatic moves back to the right position. However, if any obstacles are
present it is better to do a manual return. Notice! If the vertical position is changed
during manual movement and the dialog is exited with Ok, the new vertical position
will be used by the profiling algorithm. If the dialog is exited with cancel, the old
vertical profiling position is restored.

Copyright© Aalborg University, Hydraulic & Coastal Engineering Group, 2004. All rights reserved.
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3.2

Abort . When profiling is aborted, the user will be prompted for whether the measurements

Ok

should be stored as a new profile. If yes, it will be possible to measure missing by
using sub-area measurements. If no, it will be possible to restart the measurement
again when selecting new profile. The measurements can be rolled-back, by
opening the restart file in a text-editor and remove the faulty measurements from
the end of the file.

When profiling has finished successfully, the Ok-button will be enabled. Pressing
the Ok-button will save the profile and return to the project window.

Status information

Cross-sections

£
E
b

stacked

0 e R
B s -t TP B PR EE AR R TR EE S -100 4
200 | 200}
-300 -300 |
-400 _ 400
-500 4 ---; E -500 §;
-B00 -~ ~ -B007
-700 -700
-500 | -800 §;
-900 -900 |
~1.0001 -1.000§

0 50 100150200250 300350400450500550600 650700 600 800 1.000 1.200 1.400 1,600

¥ [mm] Z [mm]

2D Cross-section is the default and recommended way of tracking the profiling progress, since it is
very readable and do not stress the computer much.

Measurements
tdeasurement | Errar distance | Error readings

This is a surface plot all measurements. Initially all measure points are given the value of the down
limit. Every time a point has been measured, the surface plot is updated.

Copyright© Aalborg University, Hydraulic & Coastal Engineering Group, 2004. All rights reserved.
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Error Distance

easurement| Error distance | Eror readings

When profiling in fast modes, the profiler does not stop at each measure point. Instead it continuously
sample laser readings while moving smoothly through all measure-points. Each measure point will be
assigned the measurement closest to its position. This chart show the distance between the
measure-point and the position where actual position of the measurement assigned to it was done.

This information is stored together with the measurements and is very valuable indicator for the validity
of the measurements.

Error readings

teasurement | Error distance | Error readings

If memory usage is enabled under profiling parameters this plot displays the amount of error-readings
located at each measure-point. Many error-readings indicate poor readings and thereby less reliable
results. In the lower right corner, the usage of memory readings is compared to the total amount of
laser readings.

This information is NOT stored and the information is lost when the profiling dialog is closed. However,
if needed there is a work around to store this information manually:

. Wait for profiling to finish

. Accept the message-dialog displaying "Profiling finished"

. DON'T close the profiling window

. Double click on graph to enter chart-properties

. Choosing the export page allows storage of both data and graph in a variety of formats

. When done exporting, exit chart properties

. nhow the information has been stored and the profiling dialog can be closed

~NOoO O~ WNE

Copyright© Aalborg University, Hydraulic & Coastal Engineering Group, 2004. All rights reserved.
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Profiling Log
jan] k1n] Log Fealtime update screen

214. Profiling state == psFirstTime -
129. Profiling state = psMextLocation

ZAxis measured:0 01638 -966 0 0 356 ;

ZAxis rmeasured:1 101635-965 00 356;

ZiAxis measured:2 201635 -365 00 356

ZiAxis rmeasured:3 301635 -9661 0 356

ZAxis measured:4 40 1635 -965 3 0 356 ;

ZAxis measured:h 50 1635 -966 0 0 356 ;

ZAxis measured:b B0 1635 -966 3 0 356 ;

ZAxis measured:7 701635 -965 0 0 356 ;

ZAxis measured:3 80 1638 -966 3 0 356 ;

ZAxis rmeasured:3 90 1635 -966 00 356;

ZaAxis measured: 10100 1635 -365 30 356

ZaAxis measured:11 1101635 -966 00 356

ZAxis measured:12 120 1635 -966 30 356 ;

ZAxis measured:13 130 1635 -966 00 356 ;

ZAxis measured:14 140 1635 -966 3 0 356 ;

ZAxis measured:15 150 1635 -965 367 0 356 ;

ZAxis measured:16 160 1638 -965 357 0 356 ;

Zaxis measured:17 170 1635 -965 347 0 356 ; -

The log page contains a large text-field, where all measurements are logged. For debugging purposes,
extended logging can be enabled be checking "log state changes" under Profiling parameters. If
necessary, the log information can be saved by copying it to an empty text-file.
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4.1

The behaviour of EPro is configured in preferences. The various settings are split into the following

tabs:

General parameters

Profiling direction

Profiling parameters

Calibration units
Communication

Through water

General parameters

» Preferences

B[=] X

hotor control

Z (Backward / Forward) | 100

BHBI’EUFJElfﬂthBFS Profiling direction | Profiling parameters | Calibration units | Communications | Through water

Welocity Acceleration
Auis [rrrn] [01rpmfms]
% (Left ¢ Fiight) 100 1 Horisontal torgque | 1023 [0-255]

Y [Dawn / Up) 200 3 Vericaltorqus  |1023 [0-255]
Max (all axes) goo

Calculation

Giranity' 8.62 [m,-’sz]

Default directory

CAProfilerFrojects’,

[ ] Store each profile in seperate text file [w] Einary

5@ @ @

Dk ‘ [ Cancel
This page is divided into three sections, described below.
Motor control
Field Description
Max velocity : The maximum allowed velocity.
Velocity . The velocity used for each axis during profiling
Acceleration . The acceleration used for each axis during profiling
Vertical and . Adjustment of the current supplied to the motors. A setting of 255 is Maximum

Horizontal torque  and default value. If set to low, the motor may come to a hold.

Calculation
Field Description
Gravity . Gravity acceleration in m/s2 used to calculate W50 in Newton

Copyright© Aalborg University, Hydraulic & Coastal Engineering Group, 2004. All rights reserved.
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Default directory

Field . Description
Default location : Default location of profiler projects

of project files
Store each profile: If selected each profile will be stored in separate text-files. This makes it easy to

in separate text import direct into third-party software for further processing, without running

file export. Separate profile files are slower to load into EPro and consume more
diskspace. If not selected, all profiles are stored in a native chart-format.

Binary . Store the profile information as binary native chart format. This is smaller and

faster to load than native format in text. However the content cannot be checked
with a text editor. This option is only valid if profiles are not stored in separate text
files.

Copyright© Aalborg University, Hydraulic & Coastal Engineering Group, 2004. All rights reserved.
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4.2

Profiling direction

. g
+Preferences =03
General parameters Proﬂlmgdlredm Frofiling parameters | Calibration units | Communicatians | Through water

Direction Surround distance

— i & _—_— 50 [rrer]
=
1 5 %'% %‘% %‘ q 13 == Explanation:
—_—_— —
=
Q = & L o—e Some times the laser cannot geta reading. YWhen
this happens. the program can use an average of
presvious surrounding measurements.
L Y Lo i O=“ C?
H 3£ e Setting up & surround distance will define houw far
¢ b TR Al 10 " 11 g — in Each dimension (x.z) to ook for previous
L L B L = || ,,#ﬁs% measurements.
Acvalue if D will use the last know measurement.
; , H Al 2 ” " ::g:s Allowed errar distance
¥ ?.f Al _— 00 [rom]
— O Q

Explanation;

,w#i, before action must be taken.

S Avalue of 0, setna limitation an the errar distance.

% —— The maximum allowed distance with no readings,

ok ‘ [ Cancel

Direction

On this page, the profiling direction is chosen. Depending on the target the optimum route, between
measurements points vary.

Some of the considerations to make, when choosing the profiling direction is:

1. Possible danger for collision
If the route is chosen in a way, where very steep rises occurs the possible danger of collision, due to
loss of track, is high. A route in only one direction should be considered (route with dash-lines).

2. Possible light interference

If start is above water, there is a great risk of the water surface being detected as target due to
interfering light. The profiling algorithm is constructed to minimize this risc. However, if it prove to be a
problem, it can be avoided, by starting under water. This however introduce a new risc to the credibility
of the results. When raising through the water surface water drops can consentrate on the laser and
act like a prism disturbing the measurements.

3. Required amount of vertical adjustment
In order to make the profiling running smooth a minimum of vertical adjustment is desirable. It will also
reduce the profiling time. Choose a route where minimal vertical adjustment is needed.

Surround distance
Some times the laser cannot get a reading. When this happens, the program can use an average of
previous surrounding measurements. Setting up a surround distance will define how far in Each

Copyright© Aalborg University, Hydraulic & Coastal Engineering Group, 2004. All rights reserved.
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dimension (x,z) to look for previous measurements. A value if 0 will use the last know measurement.

Copyright© Aalborg University, Hydraulic & Coastal Engineering Group, 2004. All rights reserved.
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Allowed error distance

The maximum allowed distance with no readings, before action must be taken. A value of 0, set no
limitation on the error distance.

4.3  Profiling parameters

»Preferences

= JOES

General parameters | Profiling direction | Profiling parameters | Calibration units | Communications | Thraugh water

Frofile speed fastest (recommended) | v
[JUse interpolation Minirnum distance Log state changes [ ]

Parameter Walue |Descriptiun

Screen Update Frequency 10 Rate of screen update in [Hz]

Profiling frequency 50 Rate of the profiling heart beatin [Hz]

Feposition down wait 1] 1=true. O=false. Finish current step. before taking next step

Reposition no wait precision 20 Precision before next down movement is initiated

Reset distance coeff 0.6 Determine what distance the profiler consider aptimum distance. ranging fram 0to 1. where 0 = closest laser can measure and 1 = farest
Measure waittimes SWlL+ 2 how many cycles to wait above SWL before measure to get a good reading

Measure waittimes SWl- 3 how many cycles to wait below SWL before measure to get a good reading

Precision wait times [ how many cycles to wait before allowing +precision

Precision 5 [rmm] allowed precision. If this is setto low, profiling may loop

Safe move count 2z number of time with no movement, befare itis conzidered a collision

Dampings factor 0.25 reduce karrektion movernent
Water level precision 5 [rrn] whitin which margin a laser distance is consideret reflection frorm water surface
Same reposition times 2 Mo of reposition allowed at the same position

o ] [e=]

Parameter
Profile speed

Use signal memory
(Normal mode only)

Use interpolation
Minimum distance
(Fast and fastest
mode only)

Description
The profiler can operate four different modes, varying from slow and safe to
fast and less safe.

Slow (safe mode):
The profiler only makes horizontal movements when the laser is in upper
most position. This makes operation extremely slow.

Normal:

The profiler stops at each measure point and wait for all vibrations to settle
down before making a measurement and continue. If the connection between
the computer and the profiler is disturbed the motors will immediately stop.

Fast:

Unlike the normal mode the profiler don't stop at the measure points. Instead,
it move softly and collect measurements continuously. For every laser
reading, the motors are requested to report their position. If the profiler does
not make a reading at the exact measure point, a value will be extrapolated
from the surrounding readings. This possible inaccuracy compared to the
previous two modes is often more than compensated by the increase of
readings.

Fastest.

Just like fast mode except for every laser reading, the program will only
request the moving motors for their position. This reduces communication
and increases the possible number of readings.

1=true, O=false. Not used in turbo-mode. If true and a measurement is
invalid, the profiling can use the last valid measurement. If set to false, this is
not allowed on a measure-point.

Use interpolation to obtain a fitted measurement in the exact measure point.
Interpolation is only activated if the distance between the actual
measure-point and the reading the located closest exceed the minimum
distance.

Log state changes

. Jepyrideicuggimggpunipeses. Hybewicofi ig sedgemitineerisauSiogp s2atusAfllaigstsaeserved.

control its operation. If log state changes are checked, all state changed are
written to the log-screen while profiling.
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Screen update
frequency
Profiling frequency

Reposition down wait :

Reposition no wait
precision

Reset distance
coefficient

Measure wait times
SWL+
(Normal mode only)
Measure wait times
SWL-
(Normal mode only)

Precision wait times

Precision

Safe move count

Damping factor

Water level precision :
Same reposition times:

Desired screen update frequency. Screen update during profiling can be very
CPU intensive and has been separated from the profiling movement control.
Desired frequency of the profiling movement control. It is recommended to
set this frequency sufficiently high and let the speed of the motors /
data-logger determine the actual frequency. Warning, if this frequency is to
low the profiler may not be able to react fast enough to avoid collision.
1=true, O=false. Finish current step, before taking next step. When set to
false, a new step replaces the old, before it has finished, as long as target is
not within sight. This make reposition and start running smoother.

If "reposition down wait" is false, the next step is taking soon as the vertical
position is this precision of its previous destination.

When the measured laser-signal is with correction margin, this coefficient
determines the correction. Valid range is from 0 to 1. Where 0 = closest
laser can measure and 1 = most remote. A value of 0.5 is recommended,
which equals centre of working range.

Determine how many cycles to wait above Still water level before measuring
a point. This is introduced to minimize disturbance from mechanical vibration.
At least 1/10 [s] is recommended (see timer frequency under Profiling
parameters, to determine length of a cycle)

Determine how many cycles to wait below Still water level before measuring a
point. This is introduced to minimize disturbance from mechanical vibration.
At least 1/2 [s] is recommended (see timer frequency under Profiling
parameters, to determine length of a cycle)

Some times the motors do not reach the desired position within 1[mm]
precision. Precision wait times, is the number of cycles to wait, before
lowering the precision from exact to approx tprecision (see next field)

If exact precision is not possible, this value determines the tolerance in [mm].
At least 2 [mm] are recommended. If set to low, profiling may come to a hold.
If vertical position does not change although desired position is not reached,
it is considered a collision. Safe move count, determine the amount of cycles
the position does not change before it is considered a collision and a safe
move is made (move with laser up)

This factor reduces the correction movement to a fraction of the calculated
correction. This makes corrections less nervous. A value of approx 0.25 is
recommended.

When testing or moving to still water level during profiling

Maximum number of repositions allowed at the same positions. To prevent a
"Dead loop".
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4.4

Calibration units

» Preferences =03

General parameters | Profiling direction | Profiling parameters
Axes

| Communications | Through water

[position] [mm] [positionfmm]
® (Left/ Right) 1080 @]| - 100 ==> |108,0072
Z (Backward / Farward) | 1096{ @] - 100 ==> |102.6217
% (Down ¢ Up) 5841 [(@]| - 100 ==> |58,4061
Laser

Close Far

Input signal [wolt] 1.92 = 9'9?5

Measurement range Correction margins
min max at min at max

Oherwater [mm] 5B - 257 &0 50
Underwater [mm] 79 - 1340 &0 B0

Errar channel threshaold |4
[l

Dk ‘ [ Cancel

In order to make all measurements in mm, the program needs to how to convert from the motors
position-count and the lasers Volt signal. These setting may need to be changed, if the gearing is
changed on an axis or the laser is changed.

Axes
Each step-motor keep tracks of it position, however a ratio must be defined to convert the motors
internal position into mm. The set limits dialog can be used to get this information.

Laser

The lasers return their measurements as a voltage signal. This section defines the ratio to convert
[Volt] into [mm]. If the laser has, a separate error-signal it is possible to define the threshold, before an
error should be considered.

Since refraction of light differ between air and water, the conversion relationship between [Volt] and
[mm] must be entered for both. The Manual control dialog can be used for this, since it display the
laser reading in volt.

Field Description

Input signal Close [Volt] . Outer volt-signal for close target

Input Signal Far [Volt] . Outer volt-signal for remote target

Under water min [mm] . Smallest possible measurement under water

Under water max [mm] . Largest possible measurement under water

Under correction margin at : Vertical adjustment is done to keep the measurement above
min [mm] min-distance + margin

Under correction margin at : Vertical adjustment is done to keep measurement below
max [mm] max-distance - margin

Over water min [mm] . _Same as under water min, but in air

Over water max [mm]  CopyrightS Aaiieo@id nivelisityvErdramiax: Begsial &irgineering Group, 2004. All rights reserved.
Over correction margin at min: Same as under water correction margin at min, but in air
[mm]
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Over correction margin at
max [mm]
Error Channel threshold [Volt]:

4.5 Communication

Same as under water correction margin at min, but in air

Threshold value before error should be considered, if separate
error-channel is present

» Preferences

B[=] X

General parameters | Profiling direction
Step motors

Manufacture

() Durnrmy
() SamCop

@ vl

Port

(@) com
() com?
(com3
() comd

Profiling parameters | Calibration units | Communications | Thraugh water

Data logger
tanufacture Channels
() Durmirny Laset )
-._ 1] w
'f_':_Z'DataTransIatiun —
() National Instruments Lasererror
] 1 [
@) Measurement computing: L
Board
1 v |

Dk ‘ [ Cancel

On this page, the data communication parameters to the step-motors and data logger are maintained.
In addition to Port and Speed, the channels for the laser and water sensor can also be configured.
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4.6

Through water

»Preferences =03

General parameters | Profiling direction | Profiling parameters | Calibration units | Communications | Through water

Resulting through surface linear fit coefficient (y=a*x+b): a: 0.4 b: 0.8

Motel Setting a and b equal zero disables through suface optimization.

Definition:

a = (NoWatervoltl - NovaterYolt2) / (Watervolt] -Watervolt2)

b = NoWwatervolt] - a* Wateryolt]

Help fields:

The fields below helps to compute & and b from four measurements. Please check help for a detailed description.

o Z hal Yolt] b Wiolt?
With watar: N & @ |3

Mo water: 4 o 2 1L

Cormpute & and b

Dk l [ Cancel

Experimental!

The greatest weakness of the profiler is measuring of target through the water surface. Measuring fully
below water and fully above water is no problem. Test has shown that the precision of through surface
measurements can be greatly improved by applying a linear fitting function. However this fitting
function may depend on the target material.

This function will be applied when the laser is more than the laser minimum working distance above
the SWL and the target is below the SWL. At precisely minimum working distance above SWL tests
has revealed the problem does not exist and the profiler is programmed to rise to this position when it
breaks through the water surface.

The coefficients of the fitting function can be determined by using the help fields and following these

steps:

1. Press the key-button attached to the Y1-field, to manually locate a position.

2. locate a position where
a. there is water
b. the water depth is to small for the laser to work below the SWL

3. Select a vertical position, which is near the maximum working range of the laser. Make sure that it
is a valid reading (Volt value fluctuate and the error-volt is below its threshold).

4. make a reading of the Voltage 1 with water by pressing the button attached to the Volt1 field and
accept by pressing ok in the manual control dialog

5. locate a new vertical position, which is lower than position 1 but still above the laser minimum
working range above SWL (check calibration tab for this value)

6. make a reading of Voltage 2 with water by pressing the button attached to the Volt2 field

7. remove the water and make new readings of Voltl and Volt2 at the same positions with no water

8. Finally press compute a and b to calculate the coefficients. Note the help fields are not stored,
when leaving this dialog.

If more convenient, the MeasightenanitsryithiuatsitatieydranicadsOobs at &mga ot FsiudH2e0e vt jighes reserved.
positions must still be higher than the minimum working distance above the SWL when water is added.
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