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This manual was developed by UNAVCO staff to document our best-
practices for validation of Riegl VZ series terrestrial laser scanners.
This document is for a tie-point based workflow.
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Introduction

UNAVCO, Inc. maintains a pool of 5 Riegl terrestrial laser scanners (TLS) consisting
of three VZ-400s, one VZ-1000, and one Z620. As a matter of protocol, UNAVCO
regularly validates each of these scanners which allows UNAVCO to determine
whether an instrument’s performance has failed to meet specifications and whether
an internal re-calibration must be performed.

The purpose of this manual is to give the user a step-by-step guide to the validation
process of UNAVCO’s Riegl scanners. Explanations of the equipment and setup
procedures are given along with details of how to collect and process the data as it
relates to the validation process.



Validation Range

The validation range at UNAVCO’s Boulder, CO, facility was designed and built with
guidance from Riegl to test the calibration of UNAVCO’s scanners in a manner
similar to the validation array used by Riegl at their factory in Austria. The array
consists of twenty-one reflective targets which are affixed to permanent structures
(buildings, street lamps, etc.) and placed at different ranges, scan angles, and heights
in a 100m radius on the SE side of the UNAVCO building. Two mounting locations for
the instrument have been designated on an old satellite dish mount on the SE side of
the UNAVCO building, and a detailed scan is performed from each mount. Figures 1-
9 show the dual position TLS mount and the location of the targets.

ScanPosition001 ScanPosition002

Figure 1 This is the dual position TLS mount. Scans are performed from ScanPosition001 and then
ScanPostion002.



T12 are located on the southeast side of the UNAVCO building and northeast of the TLS

Figure 2 Targets TO1

mount.
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Figure 3 Target T13 is located on a light pole in the east UNAVCO parking lot.



Figure 4 Target 14 is affixed to the ligt pole at the east entrance to
the UNAVCO parking lot.
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Figure 5 Target T15 is affixed to the sign across the street to the east.



Figure 6 Target T16 is located on the street sign of 4725 Nautilus
Drive to the south of the dual mount.
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Figure 7 Target T17 is located on a power box almost due south of the
dual TLS mount.



Figure 8 Targets T18-T20 are located on North wall of 4725 Nautilus Drive, which is the building next door to
the South of the UNAVCO building.

Figure 9 Target T21 is located across the street from the 6350 Nautilus building.
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Figure 10 Aerial view of the Riegl validation course at UNAVCO’s Boulder office.

| As seen in Figure 10, the targets are arranged clockwise from T01-T20 starting at
the SE corner of the UNAVCO building. The exception to this is target T21 which was

| added to the array after its construction. Table 1 gives the physical description of
each target along with the range to target from each scan position.



Target Size | Color Range to Target | Range to Target
Name (cm) ScanPos001 (m) | ScanPos002 (m)
TO1 5.0 Red 7.003 7.003
T02 5.0 Red 9.294 9.295
TO3 5.0 Red 9.229 9.230
TO4 5.0 Red 11.164 11.166
TO5 5.0 Red 11.525 11.527
TO6 5.0 Red 12.971 12.971
TO7 5.0 Red 13.812 13.811
TO8 5.0 Red 15.014 15.016
TO9 5.0 Red 16.187 16.188
T10 5.0 Red 17.384 17.383
T11 5.0 | Red 18.571 18.570
T12 5.0 Red 19.616 19.617
T13 5.0 Red 30.619 30.620
T14 5.0 | Red 11.771 11.771
T15 5.0 | White 56.177 56.178
T16 5.0 White 31.221 31.221
T17 5.0 White 67.134 67.135
T18 5.0 White 18.450 18.450
T19 5.0 White 20.022 20.023
T20 5.0 White 21.737 21.736
T21 10.0 | Red 49.617 49.614

Table 1 Table showing physical properties of each target and their approximate distance
from both scan positions. Distances are truncated to three decimal places and were
collected with the Riegl VZ . The range values will vary slightly between scanners as
the position of each scanner’s laser source, or coordinate system origin, relative to the
scanner mount is unique.

The distances given in the table above are the distances of the 3-dimensional
vectors from the scan origin (laser source) to the target. RISCAN Pro automatically
calculates these distances.

The next section details the process of setting up the scanner and computer for
validation.



Equipment and Setup

Setting up the scanner is a straightforward task. The following section describes the
equipment you will need to complete the validation process.

Equipment

* TLS mounting hardware. This brass coupler is threaded onto the bottom of
the scanner. The Allen wrench is used to tighten two screws on the mount
which secures the coupler.

Battery box.

e Scanner.
Computer.
Kestrel weather meter.

10



Equipment Setup

As mentioned earlier, the validation course is set up on the South East corner of the
UNAVCO building in Boulder, CO. An old satellite dish mount has been repurposed
as the dual TLS mount from which both scans are taken (see Figure 1 in section
above titled “Validation Range”). The following steps illustrate how to set up the
scanner for validation.

Step 1

First, thread the coupler to the bottom of scanner as shown.

Scanner : Brass Coupler

" aulie
" |

Make sure that it is secured tightly. If it is not, the torque due to the rotation of the
scanning head will cause the coupler to loosen causing the scanner to be unstable on
the mount.

11



Step 2

Next, secure the scanner to the dual TLS mount via the coupler. The image below
shows the female portion of the coupler, which is affixed to the mount.

Anchoring Scre

Use the Allen wrench to tighten the anchoring screws and secure the scanner to the
TLS mount. Once the scanner is set up, plug in the power and Ethernet cables to the
back of the scanner. The following picture illustrates how the scanner should look
when properly mounted.

12



Step 3

Connect the Ethernet cable to the scanner’s ToughBook and turn on computer. At
this point you should hang the Kestrel 4000 from the TLS mount and turn it on as
well.

Step 4

Start RiSCAN Pro. Once the program has fully loaded, connect the scanner to the
batteries. The scanner will automatically turn on and go through its initialization
process. As it does, the scanner head will go through a full 360° rotation and stop. At
this point the scanner is ready to collect data.

13



Data Collection

Users familiar with the Riegl instruments should follow the steps outlined below,
which presume basic knowledge of the target-based workflow approach to
scanning. Users with less experience should refer to Appendix A, which describes
the scanning process in step-by-step detail.

1.

Create a new project in RiSCAN Pro with the following naming convention:
“yyyy-mm-dd_Validation_VZxxxx”

Connect to the scanner.

Set up a new scan position and be sure to enter the atmospheric conditions

as collected by the Kestrel in the “Scaling correction” tab of the scan position

Attributes window.

iSCAN PRO v1.8.0
[8-3X¢ §0/0/¢ 398302 50D €« B3R5
| ¥ i | A WAL MEM AL &N g
|- 00886 |
| ® O6Ps

Project manager | Readout (S0CS] |

[58 Validation_vZ400-CWU 26-Jun
@ CALIBRATIONS

X8O D XE - -AlA-

Object inspector

Genevall Tiltmuunll S0P
"ATMOSPHERIC CORR

Scaling correction | GPS l

GEOMETRIC COR

# &) COLLECTIONS -
=3 SCANS (soment Atmosphere Settings...
-8 ScanPos001 -
o T Air temperature [°C):
@ Ve : Atmospheric temperature:
#- OBJECTS Air pressure [mbar]: |25 o -
T TPL (PRCS) " Dew point temperature - z - ik
=# TOL (PRCS) S ) 5 fil;nosphenc relative humidity: ’
s POP elative moisture [%]: | . %
#8 TPL (GLCS) & Moisture pressure [mba Atmospheric pressure:
< | —_— & [sm iy
5 Total atmospheric correctid
 Preview

Geometric correction: Properties: -2
[no preview available) -
. These value 0K Cancel | |
D
For all other instruments, these values are applied when scans are loaded.
Restore default 0K I Cancel I Help I \Units: [m] [deg]
Message list - Thread list - Info I
Project "c:\riegl scans\Validation_VZ400-CWU 26-Jun-2014. & | Scanposition: "ScanPos( A [
Project updated to RISCAN PRO 1.8.0 (project version is no — 020005 L
Project "c:\riegl scansWalidation_VZ400-CWU 26-Jun-2014. | nieon n oann oY
v >

/4 start

1w RISCAN PRO

B s &

4. Collect a new single panorama scan. We recommend setting the angular
resolution to 0.050 deg. You may choose whether or not you wish to collect

images.

Once the instrument has finished, identify the 21 targets in the scene and

finescan them. The targets should be named T01-T21 so that Excel will
properly sort them and to keep consistent with our conventions. Please also
make sure that each finescan “looks” good by checking the scan image and

checking that the target diameter is reasonable (within a few millimeters of
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its true diameter). If needed, repeat finescans of any targets that don’t meet
these requirements.

Repeat 3-5 for Scan Position 2.

Before taking the equipment down, register the two scans to each other to
confirm the scanning was successful. The software should find a solution
with all 21 targets whose standard deviation is less than 1cm. If this isn’t the
case, identify problem targets and rescan.

At this point, you are done scanning and may return the equipment to the
instrument lab.
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Exporting Data

1. Make sure you make a backup copy of the project on an external drive that
you should keep until the project has been properly archived on the TLS data
archive.

2. Open up the project and export each tiepoint list to a .csv file. You will want
to export the Name, X, Y, Z and Range information for each tiepoint. Make
sure the coordinate system is “PRCS”, and that the precision of the X, Y, Z
coordinates is 4 decimals.

N\
Export tiepointlist... &

EXPORT SETTINGS

EXPORT FORMAT
Pre-defined settings:

I <custom> LI _+| _I

Columns to export:

Finescan
ReflType
Size *
Points
Amplitude )| G
Reflectance

V! Range None
Theta

Phi
deltaX -

|| width: [10 Precision: |4 Unit: [m -

COLUMN SEPARATOR Coordinate system:

" blank PRCS ~ W
& comma, Default file name extension: W
" semicolon ; .csv {
" tabulator Header format: [just fites ~] | ||
" other Comment tag:  |#

oK | Cancel | Help |
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Processing the Data

The x, y, and z coordinates given for each target are the coordinates of their
respective centers as calculated by the scanner from the given scan position. The
number in which you are interested is the distance between the two calculated
centers of each target. This distance is called the “residual”. It is calculated using the
3-dimensional distance formula

dyyz = \/(xz —x1)2+ (V2 —y1)? + (22 — 1)

where (x1,V;,2;) are the coordinates of the target's center calculated from
ScanPos001 and (x,,y,,2,) are the coordinates of the target’s center calculated
from ScanPos002.

Ideally, the residual for each target should not exceed 0.003m for the scanner to be
considered within factory specifications. If the residual is greater than 0.004m for a
majority of the targets, then more frequent testing is in order to track the extent of
the laser’s “drift”. If the residuals continue to grow with each test, contact Riegl.

The steps below will guide you through the process of calculating and recording the
residuals for each tiepoint.

1) Open up the ScanPos001.csv and ScanPos002.csv files in Microsoft Excel.

2) Select all information below the first row and use the “Sort A-Z” function to
sort the data from TO1-T21. (Note: This is why it is important to name
tiepoints 1-9, T01-T09. If you name them T1-T9, Excel will not sort them
numerically.)

3) After sorting the data in each file, save it.

4) In the “Riegl Scanner Validations” folder, open the file named
ValidationResiduals VZXXX-x DD-Month-YYYY.xlsx

5) Save this file with the appropriate information (i.e.
ValidationResiduals_VZ400-1_02-May-2022) in the same folder as the TPL
files.

6) Go back to the ScanPos001.csv and press Ctl+A to select all of the information
in this table.

7) Right click on the selected information and click “Copy”.

8) Go back to the ValidationResiduals file and right click on the cell that says
“Paste” under the heading ScanPos001 and past the information you copied
from the ScanPos001 spreadsheet.

9) Go to the ScanPos002.csv file and press Ctl+A.

10)Copy the information to the ValdiationResiduals file under the ScanPos002
heading in the cell that says “Paste”.

At this point the ValidationResiduals spreadsheet will calculate the residual, in
millimeters, for each target. Look at the residuals to ensure that most of them are
within the 3.0 mm tolerance specified by Riegl.
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Wrap Up

The last step of the validation process is to fill out the Validation Report located in
the main “Riegl Scanner Validations” folder. The file name is
“ValidationReport_VZXXX-X_DD-Month-YYYY.docx”. Open the file and “Save As” a
new file with this format in the appropriate folder. Then fill out the information in
the report and save it.

All materials should be archived as follows:

* Original RiSCAN project: Zip up project and place in staging folder on thump?2
server. Notify the archivist, who will move the project to the validation
archive. Instructions for staging material on thump2 can be found in the
document entitled “Archiving TLS Data - stfp upload with FileZilla.pdf’, which
is available on the UNAVCO TLS wiki.

* Report and Residual Calculation Spreadsheet: Create PDF versions of the
report and spreadsheet, and upload to the corresponding TLS instrument
Wiki page. Each instrument page has a section with an expandable table
entitled “Validation Reports”; create an entry for the validation you with to
report.

The following link will take you to a PDF version of the checkout sheet to be used when taking the VZ1000 TLS into the field:

Packing List

v Validation Reports
> 2014

The report and residual calculation spreadsheet should also be staged on
thump?2 for archiving.

The validation process is now complete.
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Appendix A: Data Collection

Now that the scanner and computer are set up you are ready to collect data. The
steps below will walk you through the scanning process.

Step 1

In RiSCAN Pro, click the “File” tab at the top left of the screen and click “Open”. Next
open the “Scanner Validation” folder and select the “ValidationDefalut.RiSCAN”
folder. This will open a project with various defaults already set. Next click “File”
then “Save as”. Save the project with the file name format “yyyy-mm-
dd_Validation_VZxxxx” (eg. 2014-07-14_Validation_VZ400-1). Click “Save”.

Step 2

Next click on the “Tool” tab at the top. A dropdown menu will appear. Select
“Scanner search (network)” as shown below.

# RiSCAN PRO v1.8.0

ation  Window Hze!p?

R T
NEmER |6 X080 XEIB-Ala-
cpo-m-SENA|L=ZS

Scanner configuration
Scanner orientation
J = e | Scanner control
V-Line File Browser
J O o e V-Line Web Interface
V-Line Remote Control
Y-Line Settings...
{28 Validation_VZ  v-Line HOR Image Settings...
i+ @ CALIBRAT
&) COLLECT
(2 scaNs
5 VIEWS Project Checker
w3 OBJECTS  Miscellaneous
8 TPL (PRC: Licenses
## TOL (PRC|  options...

Project manager I R

Object inspector |

Camera configuration (local)...
Camera configuration (¥-Line). ..

B POP

#5 TPL (GLCS)

@ Trash o
< — ) ¥
Preview \’5

Properties: -

[no preview available)

Units: [m] [deq]

Message list - Thread list - Info

Project "c:wriegl scanstWalidation_YZ400-CWU 26-Jun-2014. &/ ‘ 0 view(s)

Project updated to RISCAN PRO 1.8.0 (project version is nor
Project "c:vriegl scanstWalidation_VZ400-CWU 26-Jun-2014. ;;

fSearch for scanners in the local area network (LAN)

This will automatically search for the scanner being validated and bring up its IP
address, model number, and serial number.
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Step 3

A popup screen will appear indicating that RiSCAN is searching for the scanner.
Once it has recognized the scanner the screen will display the information seen in
the window below.

«* RiSCAN PRO v1.8.0

Project Edit Vie Tool Regist
(a-3Xe¢ |10/ 0 ¢ Eesany Imaes BR(

LA IS A AW AL @4 X8| ExH E-Ala-
|- oow®e0 PEEA L] Hee - m-SEl&E| =0
| ® Oaprs

Project manager | Readout [S0CS] |

{58 Validation_VZ400-CWU 26-Jun &
(@ CALIBRATIONS
# &) COLLECTIONS

) SCANS

0 VIEWS
) OBJECTS

#5 TPL (PRCS)

= TOL (PRCS)

Z POP

#%3 TPL (GLCS)

i Trash ™~
& 1l | &

Preview ’E

Window Help ?

Object inspector

none

ate system

Network Scanner Search

Il

This tool scans the local network for RIEGL LMS laser scanners. Properties: =

To use one of the found scanners for data acquisition, select the
scanner from the result list and click on the button [&pply].

Apply Close Help

[no preview available)

Units: [m] [deg]

Message list - Thread list - Info

Project "c:\riegl scans\Validation_VZ400-CWU 26-Jun-2014. &/
Project updated to RISCAN PRO 1.8.0 {project version is nor

Project "c:\riegl scans\Yalidation_VZ400-CWU 26-Jun-2014.
v

0 view(s)

|

+5 Start @ RISCAN PRO

Click “Apply”.
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Step 4

Once the scanner has been associated with the project you can start setting up your
first scan position. To do this, right click on the “SCANS” folder in the “Project
manager window” on the left of the screen as shown. A popup menu will appear.
Click the first option on the menu called “New scanposition”.

# RiSCAN PRO v1.8.0

Project Edit View Tool Registration Window Help?

[8-83%9 10 0 ¢ 328303 | 5D0B(e? &R N

R A at= e Sk AP WIEY el | HO\E‘..'X..\UJ‘-\H‘A\A-
|- goedes PEE |t Koo -um-SEl&|l =0

| ® O cps

Project manager | Readout (S0CS] |

{28 Validation_VZ400-CWU 26-Jun &

i+ @ CALIBRATIONS

&) COLLECTIONS
o T
D VIE=

=08 Import..
P9 TPl Export asKMZ...

Object inspector |

## TOl  convert all scans
3 PO Cleanup all scans
wP Unregister

@i Tra sort

Delete all

Preview

Properties: -]

(no preview available)

Units: [m] [deq]

Message list - Thread list - Info I

Project updated to RISCAN PRO 1.8.0 (project version is no'
Project "c:\riegl scans\Walidation_VZ400-CWU 26-Jun-2014.
v

Project "criegl scans\Validation_VZ400-CWU 26-Jun-2014. & ‘ 0 scanpositionis)

|Create new scanposition
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Step 5

A new window will come up on the screen called “New scanposition”. The default
name in this window is “ScanPos001”. Leave this default name and click “OK”.

) RiSCAN PRO.v1.8.0

v 00 0 ¢ BeHANY =0 e bR W
| ¥ 0 A | ML HEAN| AL EN N BER O L. X080 | BN B-Ala-
|- ooedes BEE 4| Hee-n-SEl4lD =0
| ® O cPs

Project manager lReadout [50[35” « New scanposition...

{38 Validation_VZ400-CWU 26-Jun| General | Titmount | SOP | Scaling conrection | GPS |
# @ CALIBRATIONS _NAME
# &) COLLECTIONS
(2 SCANS
D VIEWS
.5 OBJECTS “DESCRIPTION- “PREVIEW
3 TPL (PRCS)
=# TOL (PRCS)
% PoP
25 TPL (GLCS)
& Trash
2] I | ¥

Object inspector

Preview

Set preview image... Propetties: fj

[no preview available)

Carcel | e Units: ] [deg]

—T—EEEEEEER |
Message list - Thread list - Info

Project "c:\riegl scans\Validation_VZ400-CWU 26-Jun-2014. &
Project updated to RISCAN PRO 1.8.0 (project version is no
Project "c:vriegl scanst\Validation_VZ400-CWU 26-Jun-2014.

0 scanposition(s)

iy Start @ RISCAN PRO

This will create a new scan position in the “SCANS” folder.
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Step 6
Right click on ScanPos001 and select “Attributes” at the top of the menu.

@ RiSCAN PRO v1

Project Edit Yiew Tool Registration Window Help?
(A-3X$ F0 0 ¢ EeS9LY INB e BB
| ¥ B|oooa|wr 8| pEOB AL |8 BET ||O
|- gedes BPEEHt|| - Hee - u- SEla|i =0
| ® OoPs

Project manager | Readout SOCS] |

[58 Validation_VZ400-CWU 26-Jun &
(@ CALIBRATIONS

o

LoX88OXEIE-AlA-

Object inspector

<none:

oordinate system
= & COLLECTIONS
= SCANS
& 5
© VIEWS | IR
-2 OBJECT Delete
@ TPL (PR Print...
; ;%IE'(PR Cleanup...
#3 TPL (GL New Folder...
N New linked position...
Preview Mew single scan...
New scansequence. .. =
Now st g [Progeries: 4]

Image acquisition...
[hopre  Import...

v Activated
Registered
Unregister

Units: [m] [deg]

Message list - Thread list - Info

Project "c:vriegl scans\Validation_VZ400-CWU 26-Jun-2014. 4|
Project updated to RISCAN PRO 1.8.0 {project version is no

Scanposition: "ScanPos( A

Project "c:\riegl scanstalidation_VZ400-CWU 26-Jun-2014. sl b
] <5 1l | >
[Edit properties of current object [_
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Step 7
You will see another popup window called “Position ScanPos001”. Click on the
“Scaling correction” tab at the top. Next click the “Atmospheric Settings” button at

the bottom of the window.

' RiSCAN PRO v1.8.0

@ Position ScanPos001

Project manager | Rieadout (0CS] |

[58 Validation_VZ400-CWU 26-Jun
@ CALIBRATIONS

General| Titmount| S0P Sealing cortection | GPs |
~ATMOSPHERIC CORRECTION

H% @x@ l'mm@w@-@@@u%\lamaw»]\&3 o

DA pa N A EMER [O|LA X8| DI XH|B-AlA-
|5 T LG LY chao--vtlauz&-
| ® OcPs

Restore default

Co ]

Cancel | Help

= &3 COLLECTIONS
& SCANS Intument R -
é '&EW Air temperature [*C): |12.IZID ppm
w5 OBJECTS Ait pressure [mbarl: 1000.00 [—
@ TPL {(PRCS) " Dew point temperature ['C]: I 4 47
=¥ TOL (PRCS)
a POP " Relative moisture [%]:
8 TPL (GLCS) & Moisture pressure [mbar]: ]&40
Il | >
;rewew — - — | Total heric correction: ppm
~GEOMETRIC CORRECTION —
Geometric correction: 0.0 ppm Properties: Bl
[no preview available)
. These values are not applied to scans acquired with VZ-Line scanners!
1 Please use the "Atmosphere Settings" tool instead. --> Atmosphere 5 s
For all other instruments, these values are applied when scans are loaded.

Object inspector

EUnits: [n:]m[a;;]

Message list - Thread list - Info I

Project "c:\riegl scans\Validation_VZ400-CWU 26-Jun-2014. & Scanposition: "ScanPos( A

Project updated to RISCAN PRO 1.8.0 {project version is not po11 azonoiEL

Project "c:\riegl scans\Validation_VZ400-CWU 26-Jun-2014. s PP
v M |
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Step 8

After you click the “Atmospheric Settings” button a smaller popup window will
appear called “Atmospheric Settings”. Here you will enter the current temp in °C,
atmospheric pressure in mbar, and % humidity. This data is all collected from the
Kestrel 4000 weather station.

s RISCAN PRO v1.8.0

H‘.“l GDX@II'EDIO\OI E@l@@@ﬂ?&HElE\t‘H&E\E&E
v~‘ ;

| § A A | AL BB AL NN BER @5 X8| BN ¥W-Ala-
S- g 8dE0 BPEEA+| s e - u-SEla|l=0
| ® O ops
Project manager l Readout [50[:5]' «* Position ScanPos001 Obiject inspector
{28 Validation_VZ400-CWU 2B-Jun| General | Titmount| S0P Sealing cortection | GPs |
@ggg'['f;gl'c?ﬁ: ~ATMOSPHERIC CQBS
@ :
=) SCANS Tshitenens Atmosphere Settings...
- ScanPos001 ;
b Air temperature [°CJ:
D VIEWS . Atmospheric temperature:
5 OBJECTS Air pressure [mbar]: [0 -
g $gt EEEE?) " Dew point temperature Atmospheric relative humidity:
a POP " Relative moisture [%]: |41 %
5 TPL (GLCS) & Moisture pressure [mba Atmospheic pressure:
& I | B | ——— & [s#100 mbar
. Total heric correctid
_Prewew pressure a level

~GEOMETRIC COH
Geometric correction:

Properties: Bl

[no preview available)

These value:
Please use

Cancel I Help I
L A here Settings
For all other instruments, these values are applied when scans are loaded.
Restore default 0K | Cancel | Help | Units: [m] [dea]

Project "c:\riegl scans\Validation_VZ400-CWU 26-Jun-2014. & ’ Scanposition: "ScanPos( A

Message list - Thread list - Info ]

Project updated to RISCAN PRO 1.8.0 {project version is not b 3 G
Project "c:\riegl scans\Validation_VZ400-CWU 26-Jun-2014. ‘ .

ns e o A nAn -

o

Once you have entered this data, click “OK”. You are now ready to set up the scan.
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Step 9

Now that you have created a new scan position, ScanPos001, right click on it as
shown. From the menu click “New single scan”. A new window will pop up on the

screen.

@ RiSCAN PRO v1.8.0 E”EIE‘

Project Edit Yiew Tool Registration Window Help?
la- @x:ﬁll‘alo\e\w@-@ﬁ@u%ulma\«»] | & ® |82
[ ¥ [ A [ M MEON AL E&N Y MER 1®|L. X8| E1H B-Ala-
[ \@ﬂfa@@m@mmi Heeo-m-SEla|=0

| ® OoPs

Project manager | Readout SOCS] |

@ Walidation_VZ400-CWU 26-Jun &
1+ @ CALIBRATIONS
= & COLLECTIONS
=12 SCANS

o Attributes...

@ VIEWS Rename...
%5 OBJECTS | pujete

$$ TPL (PRCS]  pyint...

% TOL (PRCS]  Cleanup...

& FOP

#3 TPL (6LCS New Folder...
) Uik New linked position

Object inspector

ystemn

Preview
New scansequence. ..
Mew single image. ..
Image acquisition. ..

Properties: E-]

[no preview  Import...

v Activated
Registered
Unregister

[Units: [m] [deq]

Message list - Thread list - Info

Project "c:\riegl scans\Validation_VZ400-CWU 26-Jun-2014. & Scanposition: "ScanPos( A

Project updated to RISCAN PRO 1.8.0 (project version is no por1 . o000 ‘—‘

Project "c:\riegl scanstValidation_VZ400-CWU 26-Jun-2014. nsenn . anen M
v £ {m |

[A:quire new single scan at this scanposition

'y Start @ RISCAN PRO
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Step 10

In the window shown below you will first click “Panorama” at the right of the screen
under “SCANNER TYPE”. Then you will choose the angular resolution of your scan.
To accomplish this, enter the resolution you want in the field to the left where it
says “Resolution [deg]”. Then click the “=” button to the right.

NOTE: The lower the number, the longer the scan will take. So, for example, a scan
with a resolution of 0.02 degrees will take longer than a scan with a resolution 0.08
degrees. For the purposes of validation we recommend setting the angular
resolution at 0.05 degrees.

@ New single scan ...

General Scanner configuration ]

SCANNER CONFIGURATION

Start angle [deg]: SCANNER TYPE
30.000 B VZ-400

’ Meas count: 2001

- Line count: 7201

Meas pts: 14409201

Resolution [deg]: Est fime: 5 42"

0os0 =] %
Serial#. 59997465

Supply voltage: 25.2 ¥

Stop angle [deg]:
130000 4

Stop angle [deg]: Resolution [deg]: Start angle [deg]:
1 3 oo 3 g o
Measurement program:  Pose estimation: ¥ Download data to project
ILDNG RANGE L’ IUFF L’ |~ Erase data from scanner
Online view:
D view = E Image acquisition <4

—
‘4 start @ RISCAN PRO

In the lower left portion of this window you will see a field called “Measurement
program”. From the dropdown menu select “LONG RANGE” and then click “OK”.
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Step 11

Once you have done this, the “Current scanner configuration” window will pop up.
This window is just a check for you to make sure the scanner settings are what you
want. If they are, then click “OK”.

* New single scan ...

General Scanner configuration |

SCANNER CONFIGURATION

Start angle [deg]:
30,000 A

Resolution [deg]:‘ i
0.050 ==

Iq
3
Current scanner configuration ...

Stop angle [deg]:
130,000 B

ance [m]

Stop angle [deg]:

4] [3s0.000 =
Measurement program:  Pose estimation:
|LonG ReNGE  v| [oFF |

Online view:

2D view x

— Theta angle - - Phi angle

Start: 30.000 deg Start: 0.000 deg
Stop @ 130.000 deg Stop 360.000 deg
Inc 0.050 deg Inc 0.050 deg
Count: 2001 Count: 7201
— Additional information

Measpoints : 14409201

Beam focus P nLv.

Est. scan time: 5' 42" (of one frame
Laser rate IonLv.

Scan mode D nLv.

Frame count : 1

X Cancel |

SCANNER TYPE
VZ-400

Load userdefined

Save userdefined

Calculate

‘ Meas count:

2001

3 Line count 7201
Meas pts: 14409201

Est. time: 5° 42"
Serial #: 59997465

Supply voltage: 25.2 ¥

Resolution [deg]:r

0.050 =1k

Start angle [deg]:
0.000 B

v Download data to project
| Erase data from scanner

I~ Image acquisiion
[T Color scan

|

¢4 Start

Cancel | Help

4:06 AM

Your first scan will now begin.
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Appendix B: Creating Tie Points and Finescanning Targets

After the scan is complete, the next step is to label and finescan all of the targets.
Please refer to the images in the “Validation Range” section for proper naming of
targets. The information in Table 1 of this section will also be needed. The steps
outlined below will walk you through the process of creating tie points and
finescanning the targets.

Creating Tiepoints

Step 1

The most expedient way to create tie point for finescanning is to locate the first
target and zoom in on it by using the cursor to draw a box around the target. Doing
so will zoom in on the target as shown below.

# RISCAN PRO v1.8.0 - [Scan view: ScanPos001 - 140714 _152400 (2D - Reflectance - Linear scaled)] - Iﬁ'lﬂ
m Project Edit Yiew Tool Registration Window Help? =18 x|

Bgsana | enae» B3R 64 X008 E 1 |B-4Ala -
| ® | mao a|pab | HEN AL &N SER
|g-goede0 | PEE:||t=8 s v m-SEla&

Dbiectinspeclol] Readout (SOCS) F'voiectﬂ_P] 0 ‘ Bl | « ‘ Q Q Q @ | o5 | m [ G | i,

&5 COLLECTIONS |
=-53 SCANS
=8 ScanPos001

%) TIEPOINTSCANS

& SCANPOSIMAGES

& UNDISTORTED IMAGES

3 PROFILESCANS

& POLYDATA

2 sop

£8 TPL (SOCS)

3¢ TOL (SOCS)

™ 140714_152400 =l
Preview E

[no preview available)

Selected Tiepaints: 0 |Action: (none)

Message list - Thread list - Info

Project "c:\documents and settings\charlierdesktop\filesiriegl < 4] | || o 13996] Scan acquisition [ 1%
@ (3996] Scan acquisition - Finished! o [804] Analysis of scans (— 100%

5
| T [
4/start| | [7 Riscan prO S Eil 2

This image shows targets T01 and T03 which are affixed to the southeast side of the
UNAVCO building at 6350 Nautilus Drive in Boulder, CO.
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Step 2

Once you have located the first target, place the cursor in the center of the target
and right-click it. A popup menu will appear as shown.

1 RISCAN PRO v1.8.0 - [Scan view: ScanPos001 - 140714 _152400 (2D - Reflectance - Linear scaled)] - Iﬁ'lﬂ
E Project Edit Yiew Tool Registration Window Help? =18 x|
LSX08 DX B-AlA -

J@ﬂﬁ@ﬂ@ljema\«ﬂjl—slm |
i DA | EEN N MER
|- 0oe®a0 PHEA 4|28 ee - m-SEl&E

Object inspectar | Readout(50C3) Poiect [0 '@ (3l | @ | Q@ & | @ | | B -
&) COLLECTIONS |
=52 SCANS
=8 ScanPos001

(%) TIEPOINTSCANS

&) SCANPOSIMAGES

& UNDISTORTED IMAGES

3 PROFILESCANS

& POLYDATA

3 soP

£8 TPL (SOCS)

a# TOL (SOCS)

™ 140714_152400 =l
Preview IE

Create tiepoint here
Tigpoints

Change viewtype v
381 showin 3D 3

{ i 1V | i
[no preview available) Fullscreen view

4@ Last position

Q Zoom all Home

@ Zoom selection Ins

Selected Tiepaints: 0 |Action: (none) Q Zoomin Palp

Message list - Thread list - Info Q Zoom out PgDn
Project "c:\documents and settings\charlierdesktop\filesiriegl < 4] | || o 13996] Sean acquisition ) Rotate left

@ [3996] Scan acquisition - Finished! o [B04] Analysis of scans € Rotate right R

Project "c:\documents and settingsicharliendesktopifilesiriegl < SR oo e

j Draw polyline P
v
Show color bar €
| o Show navigation info...  Ctrl+F1 l_

4/start| | [7 Riscan prO S il |« @R BFER o:21am
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Step 3

From the menu select the first option “Create tiepoint here”.

=181

I Project Edit View Tool Registration Window Help? =18 x|
Begana | anae» BR[04 X008 O, B-Ala-
DA RPN PO | AL | B &Y BER
|g-gowdes | PEE: ||z | ee m-SEla

Object inspector | Readout(50CS) Poiect <[ 0| '@ | 3] @ (S Q@ &9 @B | |2

@& COLLECTIONS -l
=+ SCANS
=3¢ ScanPos001 &

() TIEPOINTSCANS -

(5] SCANPOSIMAGES

& UNDISTORTED IMAGES Tiepoint |

{3 PROFILESCANS N

& POLYDATA COORDINATES

g soP Name:

#3 TPL (SOCS)

2 TOL (30CS) : " Y

™ 140714_152400 = Hmk ¥ Imk ZImk

|-5.224327l]874023 |-4.5990223884582 II1119531 2365889
Preview [_G‘
~REFERENCES
Reflector type: I
[no preview available)
Reflector size: |0.0 m
0K I Cancel |
|Selected Tiepoints: 0 |Actiun: (none)
Message list - Thread list - Info
Project "c:\documents and settingsicharlieridesktopifilestriegl 4] || [ [3996] Scan acquisiion [ — ] 100%
@ [3996] Scan acquisition - Finished! o [804) &inalysis of scans (E— 100%

Project “c:\documents and settingsicharliendesktoptfilestriegl

-

ltfstartl |[ESriscanpr < Ed

In the field labeled “Name”, rename the tiepoint “TP01”.
NOTE: In Figure 2, targets 1-9 are labeled T1-T9. When labeling the targets in this
step they should be named T01-T09. This is done so that Excel will properly sort the

data when it comes time to calculate the divergence between ScanPos001 and
ScanPos002.
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Step 4

Under “REFERENCES” click “Reflector type”. A dropdown menu will appear. Select
the appropriate target type. Table 1 gives a list of all the targets in the range along
with their physical descriptions. Use this for a reference if necessary.

w6 RISCAN PRO ¥1.8.0 - [Scan view: ScanPos001 - 140714_152400 (2D - Reflectance - Lineat d =18l x|
m Project Edit View Tool Registration Window Help? =12(x|

|BeSaNa | 20 e |[BRN 64 X008 0xE B -Ala-
B S « AW A A=l |
EREFEEE =R R R 1

Object inspectar | Readout(50CS) Poiect <[ 0| '@ |3 @ (B @ @ &9 || |2

&3 COLLECTIONS Al
= SCANS
=3¢ ScanPos001 &

%) TIEPOINTSCANS

& SCANPOSIMAGES x|

y‘g UNDISTORTED IMAGES Tiepoint |

{3 PROFILESCANS

& POLYDATA COORDINATES

2 soP Name:

£ TPL (SOCS) [To1

= TOL (S0CS) : : :

™ 140714_152400 = il gk 2k

= |243270374023437 |990223884532522 |953123558835493
Preview [_é
~REFERENCES
Reflector type: [Nl
[no preview available)
Reflector size: (0.0 m
0K I Cancel
|Selected Tiepoints: 0 |Action: (none)
Message list - Thread list - Info
Project "c:\documents and settingsicharlierdesktopifilestriegl < 4] | || [3398] Scan acquisiton (| 100%
@ [3995] Scan acquisition - Finished! o [804] Analysis of scans (E—] 100%

Project "c:\documents and settings\charliendesktopifilestriegl €

5

| [ [ [
4 start jlmkiscm PRO w2 « @K WFE 9:24am

Click “OK”. Repeat this process for the remaining twenty targets.

NOTE: If there are targets that are obstructed or did not scan well, do not label them
as tiepoints in either scan position. For example if target T17 is obstructed in
ScanPos001 but not ScanPos002, do not label it in either of the scans. This will mean
that you have twenty tiepoints instead of twenty-one. This is perfectly acceptable.
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Finescanning Tiepoints

Once you have located all targets and used them to create tiepoints, you are ready to
finescan them. This means that the scanner will locate and perform a high density
scan of each target. The information obtained from this scan includes: x, y, and z
coordinates, range to target, and target size. The x, y, and z coordinates will be used
later to calculate the divergence between ScanPos001 and ScanPos002 for each
target. The steps below will guide you through the finescanning process.

Step 1

Double-click on the “TPL (SOCS)” option in the “Project manager” list to the left of
the screen as shown.

# RiSCAN PRO v1.8.0 - [Scan view: ScanPos001 - 140714_152400 (2D - Reflectance - Linear scaled)] ;]il‘ll
I Project Edit View Tool Registration Window Help? =18 x|
BeFoOnE | EnE e’ BRI |64 X8O XH|H-Ala -
Y RO s oA | mE MBS AL B EN I BER
A-osemes PEE = | 2ee m-SElaA

Objectinspector| Resdout(50Cs) Proiect (0| '@ (3l | @ (S, Q& & (O & B & - | =
& COLLECTIONS A
=2 SCANS
-8 ScanPos001 &

) TIEPOINTSCANS

(&) SCANPOSIMAGES

& UNDISTORTED IMAGES

{3 PROFILESCANS

% POLYDATA

3 sop

=# TOL (SOCS)

™3 140714_152400

Preview

allle

[no preview available)

|Selected Tiepoints: 0 |Action: (none)
Message list - Thread list - Info |
@ [3996] Scan acquisition - Finished! ‘a] | |[ 7133961 Scan acquisiion (— 100% | |[ 20 tie poincs

Project "c:\dh and settings\charliendesktop\filesiriegl < o [804] Analysis of scans [ — ] (0%

Project "ci\d and ingsicharlierdesktop iegl ¢

Project "c:\d and ingsicharliendesktop’ gl €

Project "c:\d and i | <

ject c: it P g —:j

[ R [
Hsmt[ Jl&niscm PRO S Eil | « @R WFE a35am
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This will bring up the entire list of tiepoints that you have created as seen in the next
image.

# RiSCAN PRO v1.8.0 - [TPL ScanPos001 {(own cs)] I = Iﬂl_)gl
E Project Edit Yiew Tiepointlist Tiepoint Tiepoint scan  View tiepoints  Activate tiepoints Tool Registration Window Help ? -|ﬂ 5'
| Besang| | ana es B2 |64 X080 XHIB-Ala -
| ¥ A A RPN HES AL EEF Y| BER
|- lpoedes BEE:|=8 |- Cee m-Sala
Dbiectinspectotl Readout (SOCS) Project 4 ]_]’ 6 (- ‘ 4 ‘ ® B ‘ * x | F :! l fi .’. | 2 - ‘ s
‘? COLLECTIONS z‘ Corresponding tiepoints: 0 Avg. radial deviation [m]: 0.0000
=0 SCANS = - Avg. theta deviation [m]: 0.0000
B ﬂ ScanPosn! & I Standard deviation [m]: 0.0!]00| Ave phildeviaton [m] 0.0000
(%) TIEPOINTSCANS - -
&) SCANPOSIMAGES ~  Name | Link | Ref... | Finescan | ReflType | Size| Pomts] Ampli.... | Reﬂec...l X| =
= UNDISTORTED IMAGES (v T01 a UNAVC. .. 0.000 0 73230 3349 522
3 PROFILESCANS 4[] T02 0 UNAVC... 0.000 0 71740 318 5191
& POLYDATA @[] T03 0 RIEGLF... 0.000 0 72260 3238 7604
& soP @[] T04 0 UNAVC... 0.000 0 70380 3084 7670
2% TPL (S0CS) (] T05 0 RIEGLF... 0.000 0 69620 3017 9957
% TOL (S0CS 4[] T06 0 UNAVC... 0.000 0 68510 2955 9817
= 140754 152)400 @] T07 0 RIEGLF... 0.000 0 65000 2637 -12.246
= | (v T08 0 UNAYC... 0.000 0 70.440 3236 -12.133
Freview (5| |#404 109 0 RIEGLF... 0.000 0 63840 2634 -14629
@[] T10 0 UNAVC... 0.000 0 66940 3011 -14.667
@[] T11 0 UNAVC... 0.000 0 62050 2591 -16.976
#T12 0 UNAWVC... 0.000 0 62720 2720 -17.005
#T13 0 UNAVC. .. 0.000 0 56920 2547 -28.952
[no preview available) #AVT14 . 0 UNAYC... 0.000 0 65800 26.42 3048 |
#A[]T15 / 0 RIEGLF... 0.000 0 49270 2244 17259
#A[]T16 0 RIEGLF... 0.000 0 58300 2698 27.161
#[]T18 0 RIEGLF... 0.000 0 68570 3236 15243 -
g B B B amnan e ‘""L|_I
iUnits: [deg] [m] IZIJ tiepoints, O selected. |
Message list - Thread list - Info
@ [3996] Scan acquisition - Finished! 4] | 13398] Scan acaquisition ] 100%; 20 tie points
Project "c:\documents and settingsicharliendesktopifilestriegl < ' [804] dinalysis of scans (E—] 100%
Project "c:\documents and settings\charliendesktopifilestriegl €
Project "c:\documents and settings\charlierdesktopifilesiriegl <
Project "c:\documents and settingsicharliendesktopifilesiriegl sj
| ]
#/start] | [T riscan prO “Eil « @B FTD o36am

As noted earlier, there may be targets that become obstructed from the scanner’s
view and, therefore, cannot be used as a tiepoint. In the TiePoint List (TPL) above
you will notice that target T17 is missing. This is due to the fact that it was not
visible to the scanner from ScanPos001 during the time of validation.

Even though it was visible from ScanPos002, target T17, was not used as a tiepoint

for this position either. This was to ensure that both scanpositions had the same
number of tiepoints.
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Step 3

Click on one of the tiepoints and then press Ctl+A on the keyboard to select all
tiepoints.

4 RiSCAN PRO ¥1.8.0 - [TPL ScanPos001 {own cs)] I -8 _)_(_]
m Project Edit Yiew Tiepointlist Tiepoint Tiepoint scan  View tiepoints Activate tiepoints Tool Registration ‘Window Help ? =18 x|
oS aNe | E0R e’ BB |64 X80 EHxH B -Ala-

| | Al pp i pON as|aY g MER
ERE L =R e O o -1

Dbieclinspeclml Readout (SOCS) PVOiECkM 0 ¥ [ <) ‘ o] @ ‘ [ <2 ‘ X 2& ‘ ” 6'.! ] E’o .’. | h 2 ‘ s
& &3 COLLECTIONS Al

Corresponding tiepoints: 0 Avg. radial deviation [m]: 0.0000
=00 SCANS ) o Avg. theta deviation [m]: 0.0000
B y ScanPos001 I Standard deviation [m]: 0.0000] fAzc b ahcnliml 0.0000
(%) TIEPOINTSCANS - :
(& SCANPOSIMAGES Points | Ampl
= UNDISTORTED IMAGES | of  u | oom[ o]
3 PROFILESCANS M2 | uave.. | ooo0] o]
{5 POLYDATA T
3 sop | oooo[ 0]
L0 o] Fo | oom| 0]
™= 140714_152400 i
Preview
[no preview available)

{Units: [deg] [m] IZIJ tiepoints, 20 selected. |

Message list - Thread list - Info

@ [3996] Scan acquisition - Finished! &l | |[ 13996 Scan acauisition ] (0% 20 tie points
Project "c:\documents and settingsicharlierdesktopifilesiriegl < o [804] Analysis of scans (E—] 100%
Project "c:\documents and settingsicharliendesktopifilestriegl <
Project "c:\documents and settings\charliendesktopifilestriegl €
Project "c:\documents and settingsicharliendesktop¥filesiriegl C_:j

\ I [ [
4/ start| | [/ riscanprRO e Er} «FERWFTE 97am

35



Step 4

To initiate the finescan of the targets click the icon indicated by the red arrow in the
image below.

4 RiSCAN PRO ¥1.8.0 - [TPL ScanPos001 {own cs)] § l -8 x|
ﬂ Project Edit Yiew Tiepointlist Tiepoint Tiepoint scan  View tiepoints Activate tiepoints Tool Registration ‘Window Help ? =18 x|

EeSana | | Ena/es|[BR (3 (64 X080 HXEIB-Ala-
EEd N -ENEr L e L

| & pzs- oo m sEl4
ObieclinspeclovlHeadoul[SDCS] PVUiECkLJj eviz\@@\ﬁﬁ\xkﬁ\ﬂ:ﬂﬁ."\ﬁ'\'ﬁ

£ COLLECTIONS z' Comresponding tiepoints: 0  Avg. radi Fine-scan selected tiepoints ).0000

2- ?CANS ) T Avg. theta deviation [m]: 0.0000

=-2* ScanPos001 I Standard deviation [m]: 0.0000\ Avg. phi iation [m]: 0.0000
(%) TIEPOINTSCANS

&) SCANPOSIMAGES

& UNDISTORTED IMAGES

3 PROFILESCANS

& POLYDATA

& soP

23 TPL (S0CS)

= TOL (S0CS)

™3 140714_152400 ~I

Preview g

]
:

T

oo 0

[no preview available)

\Units: [deq] [m] ‘20 tiepoints, 20 selected. |

Message list - Thread list - Info

@ [3996] Scan acquisition - Finished! &l | |[ 13996 Scan acauisition ] (0% 20 tie points
Project "c:\documents and settingsicharlierdesktopifilesiriegl < o [804] Analysis of scans (E—] 100%
Project "c:\documents and settings\charliendesktopifilestriegl <
Project "c:\documents and settings\charliendesktopifilestriegl €
Project "c:\documents and settingsicharliendesktop¥filesiriegl C—L_l

[Fine~scan selected tiepoints | Ii
4 start| | lm RiSCAN PRO e Ei} «G@xIFa 938 AM

Once the scanner has completed the finescan process you will see the “Size” column
updated with the size of each target. At this point it is a good idea to check each
finescan. Look at each image to make sure it is roughly the right shape (i.e. circular)
and size. Each target should be within +/- 0.3 mm of the actual size. Once you have
done this, you are finished collecting data from ScanPos001.

Now move the scanner to ScanPos002. Once you have secured the scanner to the
second scan position simply repeat the scanning, tiepoint creation, and finescanning
processes outlined in the preceding sections.

Step 5

Once the Scan Position 2 tiepoints have all been fine scanned, the scans from each
scan position should be registered to each other so that will be in the same
coordinate system. To register Scan Position 2 to Scan Position 1, open the Scan
Position Tie-Point List (TPL (SOCS)). Click on the icon showing an arrow connecting
ared ball to a blue ball:
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83 RISCAN PRO v1.80 - [TPL ScanPos002 (own <)

a-ax% fal0 @

wProje(t Edit View Tiepointlist Tiepoint Tiepointscan View tiepoints Activate tiepoints Tool Registration Window Help?

L LR XIEE A E

Al x| pBOB aA|B AN S

Project manager | Object inspector |

£ COLLECTIONS
=2 SCANS
=8, ScanPos001 &
{5} SCANPOSIMAGES
-3 TIEPOINTSCANS
{3 PROFILESCANS
& UNDISTORTED IMAGE!
% POLYDATA
B sopP
% TPL (SOCS)
% TOL (SOCS)
1% 140714_152400
= ScanPos002 &
= SCANPOSIMAGES
-5 TIEPOINTSCANS
{3 PROFILESCANS

{4 POLYDATA
& sopP
£ TPL (SOCS)
= TOL (SOCS)
™ 140714_160141
2 VIEWS

< | m | »

= UNDISTORTED IMAGE:|

1 i IF=S.

A window will open, and the following parameters should be set:

CMERTICI RSN )

=

Corresponding tiepoints: 0  Avg. radial deviation [m]: 0.0000

[ Standard deviation [m]: 0.0000 | 2::: ::i’lf d‘?"f‘"“;'m[]T]' g:gggg

~  Name I Link I Ref .. I Finescan I ReflType I Size | Points | Ampli... | Reflec
@[] T01 0 TO1 UNAVC... 0.048 19404  39.172 23
AV 102 0 TO02 UNAVC... 0.049 19519 41.013 25
#1103 0 TO3 UNAVC... 0.047 13686 41.279 26
@[] T04 0 To4 UNAVC... 0.050 13745 39.510 24
@[] T05 0 TO05 UNAVC... 0.050 9824  38.535 23
#4[v] T06 0 TO6 UNAVC... 0.051 11353 38.198 24
@A T07 0 TO7 UNAVC... 0.048 7676  36.465 22
@[] T08 0 TO8 UNAVC... 0.051 8253  39.001 25
@[] T09 0 TO09 UNAVC... 0.050 5688 35.582 23
@AM T10 0 T10 UNAVC... 0.051 6755  37.186 25
A T11 0™ UNAVC... 0.051 5282 34863 23
AV T12 0 T12 UNAVC... 0.050 4236  33.968 23
#AVIT13 0 T3 UNAVC... 0.052 2486  28.049 21
AV T14 0 T4 UNAVC... 0.050 10609 36.873 21
#AMT15 0 T15 RIEGL F... 0.055 1267 25.279 23
#AMT16 0 T16 RIEGLF... 0.051 2298 29485 22
A T18 0 T18 RIEGLF... 0.051 5814  38.917 27
#AMT19 0 T19 RIEGLF... 0.051 4554 37.313 27
@] 120 0 T20 RIEGLF... 0.051 4024  38.007 28
AV T21 0 T21 UNAVC... 0.093 4073 26.828 23

< | [}

* Check both “Project coordinate system” and “ScanPos001” boxes
* MODE : minimize error
* Tolerance [m]: Ultimately, we would like for the tolerance to be less than

lcm. However, you may leave the default value of 0.100m and adjust as

necessary.

* Minimum N: Designates the minimum number of points used for the
registration. Ideally, the program should use all 21 tiepoints. This is another
variable you can change as needed.
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g B
E Find corresponding points - @

Settings IFiher | Results |
REFERENCE COORDINATE SYSTEMS

Current scanposition: ScanPos002

V| Project coordinate system [controlpaints onl
Reaistered scanpositions

ScanPos001
I d

Not registered scanp
[[] <none>
select all select none | select last 3 I invert selection
~MODE PARAMETERS

" bylink Tolerance [m]:  |0.100 Minimum N: |3 ':] W

|~ Close gaps in chained or ringed scanpositions.
L [V Rename tiepoints (to name of linked tiepaint)
& minimize error |~ Use existing links

Restore default | Start I Close | Help |

" by name

Press “Start” to being the registration. The software will produce several solutions,
but generally the first solution should be the best. In the example below, only 20
tiepoints were visible. The algorithm determined the best solution used all 20 points
and returned a standard deviation of residues of 0.0011m.

-
ﬂ Find corresponding points - ﬂ
Settings I Filter
FSTATUS
State of calculation: ISqulion #1.

Number of corresponding points: |2lJ

Standard deviation of residues: |IJ. 0011

I MATRIX

Calculated matrix:
0990983640  -0.133969819  0.001874168  0.01160 ~

|| 0133974473 0990981293 -0.002627881 0.84848 O
-0.001505209 0.002855278 0993994791 -0.00402 .
<[ »
INFO

If you are satisfied with this solution, click on the button
[OK]. To calculate an other solution, click on the button
[Next solution]. To cancel the computation, click on the
button [Cancel].

Next solution | 0Ok | Cancel | Help |

If the first solution generated is not satisfactory, press “next solution” until you find
the solution you believe is the most accurate, using the most points and reporting
the lowest standard deviation. Generally, however, the first solution should be the
most accurate.
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Press OK when you have found a satisfactory solution. Your data is now registered
and both scan positions now share a common coordinate system (PRCS).

After all data has been collected from ScanPos002 and the data has been registered
to Scan Position 1, you are done with the scanning portion of the validation. Save a
copy of the RiSCAN Pro project folder to a flash drive.

Pack up the scanner and cables, laptop, battery box, Kestrel weather station and
mounting hardware (be sure to remove the brass coupler from the bottom of the
scanner before you replace it in its Pelican case). After all of the equipment has been
put away you can begin processing the data.
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Appendix C: Exporting Data (Expanded)

You will use the LiDAR lab computer to process the validation data. It is located
across from the TLS room. Plug in your flash drive. Then on the TLS computer open
the “Riegl Validations” folder and open the folder for the scanner you have just
validated. Next you will created a new folder and «call it “yyyy-mm-
dd_Validation_VZxxxx”. Now copy the RiSCAN project folder here.

Do not erase the RiSCAN project from your flash drive; this will serve as backup
until the project has been uploaded onto the UNAVCO data archive.

Open the project in RiSCAN. Follow the steps below to export the data.
Step 1

First, export the tiepoint data for each of the scanpositions to a .csv file. To do this,
double-click on the “SCANS” folder in the “Project manager” window. Then double-
click on ScanPos001. Next double-click the TPL (SOCS) icon.

RISCAN PRO v1.80 -8
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You will see the tiepoint list with all parameters for each tiepoint.
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Step 2

”n

Next press Ctl+A on the keyboard to select all tiepoints. Click the “Export tiepoints
icon indicated by the red arrow as shown in the following image.

RISCAN PRO v1.8.0 - [TPL ScanPos002 (own cs)]
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A small options window called “Export tiepoints” will appear.
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Step 3

In the “Export tiepointlist” window you can choose which attributes you would like

nou_n

to export. For the sake of validation you will only be transporting the “Finescan”, “x”,

y”, “z”, and “Range” attributes. Make sure that only these characteristics have
checkmarks by them.

The “Finescan” attribute is under the x, y, and z attributes so after you select it, use
the blue “Up” arrow to the right to move it above the x-coordinate in the list. The
order in which these attributes appear here is the order their columns will appear in
the spreadsheet.
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Next, click on the X coordinate so that it is highlighted. Change the “Precision”
setting from “2” to “5”. Do this for Y, Z, and Range as well. Finally, you will change
the “Coordinate system” from SOCS to PRCS by clicking the dropdown menu and
selecting PRCS from the menu. Once all of these settings have been have been
changed, click “OK”.

You will be asked to save the document. Save it in the “Validation dd-Month-yyyy”
folder (it should be the folder one level up from the .RiSCAN folder). Save the file as
TPL ScanPos001. Once the TPL for ScanPos001 has been exported, repeat this
process for the ScanPos002 TPL.

Once both TPLs have been exported you can process the data.
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