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1 Introduction

The purpose of this document is to explain how to process a Delair UX11 mission for use within maps
in any coordinate system. Examples and screenshots will be displayed for a sample project in the
United States using the North American Datum of 1983 (NAD83) and the North American Vertical
Datum of 1988 (NAVD88). However, it should be noted that the workflow is applicable for other
projected coordinate systems around world, including those containing local coordinates and site
calibrations.

This document will demonstrate to users a workflow that utilizes tools that are familiar with Geospatial
Professionals. This workflow will highlight a process using Trimble Business Center (TBC) v5.0 and
UASMaster. Pix4Dmapper will also be introduced using a workflow that utilizes Trimble Business
Center for transformation parameters to successfully complete a project by eliminating the lack of
geoid problem in Pix4D.

There are two ways to process the UX11 data:

e Without PPK, using only GCPs
e With PPK, with or without using GCPs

The first part of this document is explaining how to prepare a mission, especially how to correctly set
up GCPs and the base station for a UX11 flight.

The second part of this document will explain how to correctly set up your Trimble Business Center
project prior to visiting the field to collect GCP, the processing of RTK data for GCP validation upon
return from the field and the importing of a JXL file, exported by Delair After Flight

2 GCPs

When using GCPs the following aspects need to be taken into consideration:

e Number and distribution of GCPs
e GCP shape and colour
e GCP acquisition

The GCPs should be placed evenly throughout the area of interest. The area can be represented as a
large table and the GCPs are the legs that will support it. If all the "legs" are placed at the same
location of the "table,” then it will tilt. If the "legs" are homogeneously spread, then the "table" will be
stable. Additionally, it is also recommended to place one GCP in the center of the area in order to
further increase the quality of the reconstruction.

Important: A minimum of 5 GCPs is recommended. 5 to 10 GCPs are usually

enough, even for large projects. More GCPs do not contribute significantly to

increase accuracy except for very large area projects or for projects that will be
A split into smaller sub-projects for photogrammetry processing

Do not place the GCPs exactly at the edges of the area, as they will only be visible
in few images.

www.delair.aero
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Please refer to Digital Map Accuracy Standards that apply for the region where
your project will occur. Additional GCPs may be required to meet certain accuracy
requirements.

An important thing to remember is that the GCP must be easily visible in the aerial imagery. This is
achieved by using high-contrast colours and by making sure the ground control point is large enough
to be seen from the flight altitude.

This GCP was spray-painted onto the concrete using a stencil. The marker needs to be large enough
to be visible from far away. A center mark helps eliminate any confusion as to where the center point
is located.

The ground control points can be:

e GCPs measured in the field
e GCPs defined from other sources

GCPs measured in the field

Measuring GCPs in the field requires spending some time in the area and locating the position where
they should be measured. This process requires the terrain to be accessible. The following
parameters will need to be identified and equipment available in order to measure GCP coordinates:

e GCP coordinate system
e GCP accuracy
e Topographic or Surveying equipment

GCP coordinate system

A coordinate system is a set of numbers and parameters that are used in order to define the position
of an object in the 2D or 3D space. The chosen GCP coordinate system depends on the needs of the
end-user. Coordinate system types include:

e Global coordinate systems: They are defined using 3D ellipsoid coordinates (latitude,
longitude, height).

e National coordinate systems: They are usually defined using a projection defined for a
specific country (X, Y, elevation).

| www.delair.aero
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e Local coordinate systems: They are defined using a projection. The user sets the origin and
orientation where it is most convenient (X, Y, elevation).

Note: The elevation can be either geometric (using as reference the height of the ellipsoid),
orthometric (using Mean Sea Level as reference) or another geoid.

Important: The GCP coordinate system should be identical to that of the base
station if those GCPs are going to be used as a checkpoints. Please refer to
section 4 for additional information about setting proper coordinate systems within
TBC.

GCP accuracy

In order to define the accuracy with which the GCPs will be measured, the following factors must be
taken into account:

e Accuracy needed for the final results: The accuracy of the GCPs should correspond to the
final absolute accuracy the user's needs. For example, for projects where an accuracy of
several meters is acceptable (e.g. rapid assessment tasks), then the accuracy of the GCPs is
NOT required to be within a few centimetres. For projects where high accuracy is very
important (e.g. construction sites) then the GCPs should be measured with an accuracy of a
few centimetres in order to comply with the project requirements. In general, the accuracy of
the GCPs should be better than the expected accuracy of the final results.

e Ground Sampling Distance of the images: The GCPs should be visible in the images. The
GCP photogrammetric target should have about five to ten times the dimensions of the GSD.
If the GCP is natural (a characteristic point in the area that is not signed by a photogrammetric
target), then the GCP can be even more difficult to identify and mark.

Note: For the best results, the GCP accuracy needs to be more accurate than 1/2 of the GSD. For
example, if the GSD is 10 cm, the GCP accuracy should not be below 5 cm.

Important: The accuracy of the GCPs must be known in order to correctly set the
GCP accuracy (horizontal and vertical) for processing.

GCPs defined from other sources

If no GCPs have been measured in the field, coordinates can often be extracted from other data
sources for physical objects that are visible in the images collected during the drone flight that can
then be used as GCPs (e.g. painted stripes in parking lots or centers of manhole covers). The
advantage of such GCPs is that they can be extracted at any time from the office. The disadvantage is
that they give no true measure of the accuracy and that the coordinate system may not match the
coordinate system of the project, which will require a transformation before they can be used.

GCPs can be extracted from two types of sources

e GCPs extracted from high-accuracy sources: GCPs can be extracted from sources such
as existing maps and laser scanning outputs of the same area. If these sources are updated,
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then the GCPs can be very accurate. The coordinate system and the accuracy of these points
depend on the source.

e GCPs extracted from Web Map Services: Web Map Services provide online georeferenced
maps using a standard protocol called a Web Map Service (WMS). Some servers have their
GIS databases publicly available and free-of-charge.

3 Base/Reference station for PPK

The PPK process requires two GNSS receivers. One of them is stationary and is called “base
station” or “reference station”. The other one moves around measuring different positions is called
the “rover”. A rover may be a GNSS receiver on the ground in the case of measuring GCPs, but can
also be a drone, like the UX11 as it takes photos and GNSS positions from the air. The base station is
mounted over a point with known coordinates (often called a benchmark, monument, or control point)
and constantly receives information and is logging GNSS data. Knowing that it is stationary over a
known position, the error in the GNSS data can be measured for a given moment in time relative to the
base station position. This known error can then be used to calculate the GNSS position error of a
rover in proximity to the base, and correct the rover positions to be more accurate.

A user may provide their own base station but there are also several base station networks that can be
used. There are even free ones whose data can be downloaded via the internet. The distance
between the reference station and local rover should not exceed 10-15 km as a best practice. If the
network reference station is located too far or simply does not exist in the area where the rover will
operate, then a local base station will be mandatory to do PPK processing.

It is important to pay attention to this document if the operator is willing to set up his own base. A good
understanding of different ways to set up the base will help to reach the desired accuracy.

On the illustration below (figure below), a PPK algorithm precisely calculates the distance, direction
and elevation difference between a base and a rover. This is called a baseline. The rover position is
precisely determined relative to the base position. At the same time, the rover coordinates offset from
the real position depends on the position accuracy of the base at a similar moment in time. If the
position that has been set in the base station is different from the true position on earth, an offset
equal (or very near) to this difference will be observed in the rover position as well.

Base position

Raover position

True position

FAV AN
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It is often enough to know the precise position of an object relative to the base station but for some
applications like surveying and mapping, it is critical to get an accurate absolute position. In this case,
the offset AX, AY, AZ between the true position and the base station position should be eliminated.

A Important: The absolute position of the rover is only as accurate as the position of
the base station.

Proper positioning of the base station is key to successful data collection. The shift of base
coordinates will keep the collected data precise but will make it inaccurate (which may be acceptable
for volumetric measurements but unacceptable if the collected data has to be tied to global or local
coordinates). If the base reference coordinates have shifted relative to the true earth position, the map
produced with data collected by a PPK-enabled UX11 will be shifted as well (figure below).

There are many ways to position the base station and determine its true position or location. You can
manually enter the base coordinates, use an averaging feature of a GNSS receiver, or PPK
techniques to determine the coordinates.

No matter which method you use to establish a base station reference coordinate for your drone
survey, the relative position of the rover (drone) to your base will always be cm-precise following the
PPK process. However, , the actual absolute accuracy of your photo positions from your drone survey
will be set by depend heavily on the absolute accuracy of the base position.

www.delair.aero
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The table below shows different methods to establish a base station’s location.

Base setup Accuracy* Requirement Observation
method y q time*
Manual, over a Same as the . .
. ! Known point 0 min
known point known point
GNSS receiver,
Autonomous 30cm-10m averagin
GNSS position ging <5 min
recommended
Real-time Survey-grade
Klnerr_w_ltlc (RTK) 5mm-50mm base and rover <5 min
position with
: GNSS system
base station
Internet
RTK position connection and
with VRS or 5mm-50mm NTRIP stream <5 min
RTN from base
(ideally <15km)
Post-Processed Log files from a
Kinematic (PPK) 2mm-50mm 9 . 15 min-24 hr
L base station
position

*Numbers in the table are approximate and only for reference purposes. Accuracy of positions can
vary widely depending on the GNSS receiver or instrument used and many other factors. Your
experience may vary in different conditions. Always follow appropriate survey practices!

Manual

This method consists of placing the base station receiver exactly over a known point. The most
popular scenarios include finding a control point from a publicly available directory of survey control
points or by hiring a professional surveyor who will set a benchmark point of control quality. In this
case, absolute accuracy depends on how accurately the point's coordinates were determined.

It's very important to place the base over a known position and measure the height of the antenna
reference point from the mark. This will help avoid shifts in your overall dataset from the absolute
position of the control point and keep measurements accurate.

Autonomous GNSS

This approach is used when you don't require absolute accuracy. A single autonomous position from a
GNSS receiver may be used or multiple positions may be averaged in order to provide some
correction for error that is inherent in GNSS data. This is done without using any correction source and
the absolute accuracy will depend on the manufacturer and quality of the GNSS receiver used. An
autonomous GNSS position may include up to several meters of error.

Delair | 676, Rue Max Planck — 31670 Toulouse-Labege, France | Tel: +33 (0) 5 82 95 44 06 | www.delair.aero
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Real-time Kinematics (RTK)

Using an RTK fixed GNSS solution is much more accurate than an autonomous position. This is made
possible when the GNSS receiver used to measure the position is either (a) connected directly to
another base station via a radio communication link, or (b) by being connected to the internet and
configured to receive correction messages like RTCM from a virtual reference station (VRS), GNSS
real-time network (RTN) or a single base station through an NTRIP connection (Networked Transport
of RTCM via Internet Protocol).

Post-processed Kinematics (PPK)

PPK method can also be used to determine the position of your base station with high accuracy. It is
as accurate as the RTK fix solution. The only difference is that you won’t have the position of your
base in real time. Some websites can calculate your base station position using PPK methods.

With either RTK or PPK processing, if the baseline is too long, a fixed GNSS solution may be difficult
to obtain. In this case, a float solution may be achieved which generally provides a position whose
absolute accuracy is somewhere between a few centimeters and one meter.

Websites that offer free GNSS post-processing services:

e CenterPoint RTX: Trimble Navigation

http://www.trimblertx.com/UploadForm.aspx

e NGS OPUS: Online Positioning User Service, National Geodetic Survey

https://www.ngs.noaa.qov/OPUS/

e CSRS-PPP: Canadian Spatial Reference System, Natural Resources Canada

http://webapp.geod.nrcan.gc.ca/geod/tools-outils/ppp.php

o AUSPOS: Geoscience Australia

http://webapp.geod.nrcan.gc.ca/geod/tools-outils/ppp.php

e GAPS: University of New Brunswick

http://gaps.qge.unb.ca/indexv520a.php

e APPS: Jet Propulsion Laboratory

http://apps.gdgps.net/apps_file_upload.php

e SCOUT: Scripps Orbit and Permanent Array Center (SOPAC), University of California San
Diego

http://apps.gdgps.net/apps_file_upload.php

e magicGNSS: GMV

http://magicgnss.gmv.com/ppp/.

www.delair.aero
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General steps for using an online postprocessing service

Here are the general steps for using an online postprocessing service to establish your base reference
coordinate for a drone survey:

e Set up your base receiver over the marked control point you wish to create
o Enable logging of static GNSS data with an interval of one second
o Record log for a duration of 30 minutes prior to flight and 30 minutes after flight
o A minimum of 2 hours is recommended for successful PPK processing
Convert your base receiver file into RINEX
Upload your RINEX file to a relevant website such as those listed above to get an accurate
position of your base station
e When possible request an XML file as a deliverable from the selected processing service

Note: The base data required for establishing a base station reference coordinate can be the same
base data used for PPK-processing of UX11 data if best practices for both needs are observed.

A Important: If using Trimble equipment and processing with RTX, there is no need
to convert the outputted file into Rinex, please use T02 file.

Make sure that the base station receiver is placed on a tripod and levelled precisely above the marked
control point whose position is known.

When using a known point or a physical marker on the ground as the benchmark, such as a control
point you intend to use more than once for a survey with drones or other tools, it is critical that you
correctly measure the antenna height. Once the GNSS base station antenna is mounted properly and
level over the mark, use a tape measure to precisely measure the vertical distance between the mark
and the antenna reference point (ARP). The ARP depends on the GNSS antenna model, but is
generally the base of the antenna (where the outside housing of the antenna meets the mount of your
tripod) or another physical mark on the antenna. Check with the manufacturer of the GNSS antenna
for details.

www.delair.aero
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Radius
g |

Bottom of Ground Plane

Antenna Reference Point i Antenna Reference Point

- -

Fixed Height Tripod Length
>
Antenna Height
-

Datum Point

Pay Attention: A mismeasured height of the antenna above the mark is one of the
most pervasive and frequent mistakes made in GPS control surveying. A best
practice is to double measure instrument heights with two different units. (i.e.
When operating in the United States, measure heights in both feet and meters.)

If you want to reuse the determined base location for a future survey:

Carefully mark physical position on the ground before initial installation of base station
Carefully measure the antenna height and record each time you set up the base station

Save the position coordinates on your base station and/or manually for future reference

When using this position next time, accurately place the base station over the same mark and
use the same coordinates for your PPK processing of the drone data

You will simply need to record the static base data during the same time period of your subsequent
drone flight(s).

www.delair.aero
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4 Trimble Business Center - Project Setup

Trimble Business Center (TBC) is a proven geospatial office software in use by Trimble equipment
operators worldwide. Many land surveying projects begin and end within the TBC environment. There
are many coordinate systems available to users of this software. While this document will focus on
using NAD83 (2011) and the NAVD88 Datum as an example of a workflow relevant in the United
States, this workflow may be applied worldwide where specific regional coordinate systems,
both horizontal and vertical, are required. In fact, this work flow can even support the use of local
(or custom) coordinate systems such as those commonly used on construction sites or mines.

Understanding the location of your project and the coordinate system required for your final product.
For this example we selected the following from the Project Settings Dialog box.

e Coordinate System Group: United States/ITRF to NAD83
e Zone: California Zone 5 0405
e Datum Transformation: ITRF to NAD 1983 (2011) (Seven Parameter)
e Geoid Model: GEOID12B (Conus)
Important: Trimble Business Center does not contain unit specific coordinate
A systems. The units used in the projection must be set by either selecting the

proper template upon project startup or by going to the distance tab, which is
located under Units from the Project Settings dialog box.

Navigate to the location where the Static Base Station data was stored after performing steps in
section 3. In this example we will be using the OPUS provided solution which was delivered as a txt
file and XML. Import the XML file by dragging and dropping into the workspace:

o

Marme Date modified Type Size
[=! 3149265q.180.bd 1271272018 10628 ... Text Documnent KB
| | 3149265q.180.xml 12/6/2018 12:04 AM XML Docurnent 5 KB

The point created during the import step will become the base station used for PPK processing in
Delair After Flight (See Section 5 for this workflow) The position imported by the OPUS solution is a
NAD83 coordinate expressed as latitude and longitude. A grid coordinate was also created, and is
dependant upon the user-selected coordinate system. Due to the selected coordinate system, United
States/ITRF to NAD83, a global ITRF08 coordinate was also created.

www.delair.aero
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Important: Trimble Business Center does not contain unit specific coordinate
systems. The units used in the projection must be set by either selecting the
proper template upon project startup or by going to the distance tab, which is
located under Units from the Project Settings dialog box.

The Global Coordinate value listed under your base station location should be used in the next step of
the process, which will be the PPK processing within Delair After Flight.

A

Important: In order to ensure a minimized transformation shift, please use only
the values listed under the Global Coordinate field as noted above. Should you pull
WGS84 location information directly from a datasheet, RTX report, OPUS report or
other static processor report, a shift may be realized.

Save project and minimize TBC. You will return to TBC upon completion of post processing within
Delair After Flight.

5 Delair After Flight

As a reminder, Delair After Flight is a software that will enable the operator to preview, select and
export UX11 pictures. This software is also used for executing the PPK process to have geotagged
pictures with high-precision locations.

After performing the flight with the UX11, open Delair After Flight.

www.delair.aero
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Setting your export folder location

This should be changed to your project specific folder and must be changed each time you process a
different project, as it defaults to the previously used directory.

" Delair After Flight
File  Window Help

Open flight Ctrl+0
I Select export folder Ctri+E

Open vector file Ctr+V

Quit Crl+Q

Importing flight data

Navigate to the folder location that was chosen when downloading flight mission data from the UX11.
Select the folder that includes the flights and drag into After Flight.

M Delair After Flight o= | ®
H

" Detected flights

Flights in I:/Delair Demo Data/Santa Paula CA/DEL45972/FLIGHT

Select All 2 selacted
2018-09-22_13h04_Flight_1

1

Date: Sep 22, 2018 20:06
Number of photos: 2116
2018-09-22_13h59_Flight_2
Date: Sep 22, 2018 21:03
Number of photos: 2175

@ (O Fixed solution

A /\ Float solution

X % No solution
ML pPK disabled
‘; Coverage map

. 6 photos or more

l:‘ 4-5 photos

. 1-3 photos

T
T
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Upon successful import of the flight data, a popup will appear which will require the user to import the
selected reference station RINEX data, set the antenna height, and enter the reference station location
and ellipsoidal height. Reference station coordinates must be a global location only and should be tied
to the ITRF2008 realization of WGS84. Please refer to the global field in TBC for your reference
station location.

1 Base station X

Flight: 2018-09-22_13h04_Flight_1

Select base station files

I:/Delair Demo Data/Santa Paula CA/DEL45972/FIELD/2018-09-
I:/Delair Demo Data/Santa Paula CA/DEL45972/FIELD/2018-09-
I:/Delair Demo Data/Santa Paula CA/DEL45972/FIELD/2018-09-
< >

Add Remove

Reference antenna offset

"
Set reference coordinates

Latitude R | 55.57168000"
Longitude w ov|[ uee|[ 2| 33.03761000"
Attge
["] pecimal degrees

Mission will begin post processing datasets immediately upon hitting OK.

A Important: As explained above, if the wrong base reference coordinate is entered
the entire dataset can be shifted. In some instances of incorrect locations being
used, After Flight may be unable to provide a solution for PPK processing.

Various filters can be applied to the mission to allow the user to export only those images required for
the mission at hand. These filters include altitude, polygon area, +/- roll, +/- pitch, inclusion/exclusion
of images based on file name and various other methods. It is recommended to experiment with each
filter for every flight in order to achieve the desired subset of images to export for photogrammetry
processing. This enables you to optimize photogrammetry processing time by only taking with you the
images that correspond to your true area of interest.

www.delair.aero
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1 Delair Ater Flight = O =

File Window Help

Fights =
~
e \
2018-09-27_11h13_Arroyomolinos @] [x]| [on & \\6
s Lo WS
er
it
a g
<
Centro .
de distribucion - /’
4
e
.
/
"1 PPK status /
® O Fixed solution /&
A "\ Float solution ;59
X 7 No solution fe“
M | PPK disabled /.;';
Coverage map /€
[716 photos or more 45
[ ]4-5 photos /
1-3 phot /
Wi3p el : /
o B i
|__20000m | LA | Map dats OpenSirestitap
ot & ! Los Cor
Selection 1=l
Number of photos: 458 | # export | m
Flight Camera Seq RTC Longitude Latitude Alt.QFE Height AGL Alt. GPS Hor. Accuracy Vert. Accuracy Hor, GNSS ™
00000077 2186.26s -3.89340181° 40.30080472° 126.700m 112.27m 810.247Tm 5.500cm 5.500cm 1.
00000078 2187.255 -3.89363487° 40.30069390° 126.400m 112.19m 809.928m 5.500cm 5.500cm 1
< >

Selection

Previews

After Flight will export a variety of files once the user selects the export function. Expected outputs

include:

Geotagged JPG (or TIFF) images with EXIF data reference to WGS84 and elevation (EGM96)
Two (2) UASMaster project files (.PRJ)
o One with image coordinates in latitude/longitude in WGS84, ellipsoid height
o One with image coordinates in UTM, WGS84, EGM96 elevation
Two (2) Trimble Job XML files (.JXL)
o A high-precision JXL file for use in TBC v5.0 or later (for PPK-processed UX11
datasets only)
o A standard JXL file for earlier versions of TBC (does not support high-precision
processing in TBC)
Two (2) comma separated files (CSV) with metadata
o  One with image coordinates in latitude/longitude in WGS84, ellipsoid height
o  One with image coordinates in UTM, WGS84, EGM96 elevation
Processing quality report

It is recommended to export most jobs with a 95% quality level, with the exception of photos that were
taken from a very high flight height above the ground (e.g. > 300m AGL). This changes the level of
JPG compression. When this setting is adjusted, the resolution of images will be the same (21 MP),
but the color values of adjacent pixels will be more generalized as you decrease the quality level. If
decreased significantly, the images may appear blurry or grainy. However, the difference between
95% and 100% is not noticeable to the human eye in most cases and will have little to no impact on
the photogrammetry process, with the benefit of the file size being approximately half which can help
expedite export and processing time.

www.delair.aero
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LELLERI)

1 Export cptions

Mission name: |Afterflight Export For UASMaster|

[ Image format: JPEG o
| Quality level: I

Estimated export size: 2.89 Gb
Available space: 270.37 Gb

Cancel

g
i
E
E
L
E—

The quality report will include all user entered and selected information as described above. The user
should pay special attention to the:

Base station reference coordinates
Reference antenna offset

Fixed PPK solution percentage
Camera position accuracy

GNSS position accuracy

Should any item listed above not be correct, the user must restart the PPK process within After Flight.

6 Trimble Business Center - Project Review

Open or maximize the previously created TBC project as outlined in section 4. The purpose of this
step is to validate the coordinate system and the data exported during the After Flight process.

A

A\

Important: It is recommended to import any GCPs into the TBC project at this
point. If collected with Trimble equipment, review the vectors to ensure that the
base station position used for RTK is identical to the reference station position used
for PPK. If a different base station was used for either GCPs or PPK processing,
such as a VRS network, it is a best practice to establish coordinates for your base
station from the VRS network prior to placing the received over the location.

Note: The following steps assume you are using Trimble Business Center v5.0 or
later and that you have a license for the Aerial Photogrammetry Module (APM). If
you have an older version or do not have the APM module, the following steps may
be different, have limited functionality, or impossible and you may be required to
modify your workflow accordingly.

www.delair.aero
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Navigate to the project export folder selected in After Flight. Select the PPK JXL and drag into TBC.

) = | UX11-38 b [m] X

e [N °

. & cut [E] x T New item ~ | o~ [H select all
= L mmcopypath L] 7] Easy access =] Edit Select none
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7] paste s s el = e 2% ghistory £ invert selection
clipboard Organize New Open Select
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s 2D Objects

m Desktop

1zl Documents
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& Downloads 01_00001971,jpg 01.00001972jpg
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P Music

= Pictures
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01.00001975jpg  01.00001976jpg  01.00001977jpg

01.00001978jpg  01.00001979jpg  01.00001980jpg  01.00001981jpg  O1_metadata_id-
Outlook Files X-Y-Zegm96-0-P
Kesv

8 Videos
£ Windows (C)
~- Data (D)

01.00001973jpg

afterflight

GCP Test

Onboarding

‘Working Data
~ UASSSD 1 (1)

- UASSSD 1 (1) n
Delair Demo Data

Projects 01_metadata_id-  01_metadata_UX 01_UX11-38.jxI 01_UX11-3B_TBC
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v Kprj

QanNickSorireArrace

1.254items  1item selected 3.58 MB

The processing of the vectors will begin immediately. Depending on size of the flight, this may take a
few moments. Please be patient.

$OC A -C-REB0E RO DS MyFiter - V% & GLOC -8 A8 @0OO- DEL45972_ROVER - Trimble Business Center

File  Home Survey GIS CAD Drafting Surfaces Corridors Point Cl.. Constru... Photogr... Tunnels Mobile.. Data Pr.. Takeoff Site Ma... Corridor... Utility Drill Pile.. Macros Support 2 &~
4] Import~ &1 0pen Remote File ED Y  ®Q & QQ [Plan View ¥PlaneManager @ Station View Bo _4 % é% SR 1

o

3 - - = i +#;

G Export & Save File Remotely Device | View Filter My Filter @ 3D View ~ 3 Cutting Plane View & Google Earth Diginet B rlor MMeasuie | Rselecion 2 514

& Send to Sync [ Job Report Generator  Pane Manager B O o F @ @ Top- @ LimitBox~ A History Log View | Explorer %8 @ Object Distance * | Explorer % & [
e o | v —— D Properties  ~ # X
TEIDEL45572 ROVER 1T @&

[Points

> [E Sessions

> [ Imported Files ]

File name: 01_UX11-3B_TBC5_PPK jxI
P Flags Pane -8 x
= Flagged Objects Message
1 Project Ex... WoView Fifter
Cy (3@ [ %57/ L Snap @2 US Survey Foot Grid Califomia Zone 50405 0 [ 4417.858.7686 570t EY
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Navigate to the location on screen of the base station point imported with the xml file from section 4
and the base station point created by the JXL file.

BOC A-CG-RASE 80 D@ Myfiter - v ) YOLOEO-8- 48 - @00 - DEL45972_ROVER - Trimble Business Center - o x

File Home Survey GIS CAD Drafting Surfaces Corridors Point Cl... Constru... Photogr... Tunnels Mobile.. Data Pr.. Takeoff Site Ma... Corridor... Utility Drill Pile.. Macros Support ? & -
£l Import~ &1 Open Remote File @ Q -4 Q Q [ Plan View B PlaneManager @ Station View - Do v 4% &

c] ’ G ’ I:D v My Fill f i ; i i A & Q’ v:‘ 5

3 Export i Save FileRemotely  p_ o |\ o MyFilter v @ 3D View - 4 Cutting Plane View & Google Earth i B eniore Monsirs || setection 7 <14
B Send to Sync [l Job Report Generator  Pane Manager E & ' F B @ Top~ @ LimitBox~ A History Log View | Explorer 8 @ Object Distance = | Explorer % &

D Exchange View Data Selection ~

'V, View Filter Manager * B X | plan view My Filter] % 3D View My Filter] % [ Properties » & X
BEH X sSVEED 1T

% | MyFiter

® | <Everything> A0y ~

w| STRC-MISC

| STRC-MISC-SYM
| STRC-PATIO

w| STRC-RIPRAP
w| STRG-RR

w| STRC-WALL

|w| STRC-WALL-CL
| UITL-CATV-SYM
| UTIL_IRR_SYM
v| UTIL-CATV

v]| UTIL-ELEC

w| UTIL-ELEC-SYM
| UTIL-FIBER-SYM

v UTIL-GAS

|w] UTIL-GAS-SYM

v| UTIL-MISC D
v| UTIL-PETRO-SYM

v| UTIL-SD

vw| UTIL-SD-CL

V| UTIL-SD-SYM =

Point  Observations GNSS Data Types € ¥

[ Show point Ds

P Flags pane -8 x
[“] Show point symbols 3 Flagged Objects Message

[ Showfeature code

[ show elevation

[] Show disconnected points %)

B ProjectExplorer ¥, View Filter Manager

3 C3[@ 5 %47 L Snap HE US Survey Foot Grid CalfomiaZone50405 0 G 44.507,69.618 t

an

Verify the two base positions are similar by using the inverse or measure distance command to
check the distance and elevation between the two base station points. For this example, points “101”
and “base” were used.

Details

>

Grid azimuth: 315°29'01"

Grid distance: r 4 0.001 ﬂw

M Elevation:

Geodetic azimuth: 314°63'21"
Forward: 314°53'21"
Backward: 134°53.21"

r i

Ellipsoid distance: /ooty

Ground distance |
Geodetic: E 0.001# 4

T et

J'-"..[.;:plyr | Close

At this stage, you are ready to proceed to photogrammetry processing. For example, this may be
done in Trimble Business Center directly, in Trimble UASMaster, or in Pix4Dmapper. See instructions
below for how to get started in UASMaster or Pix4D.
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7 Getting Started in UASMaster

This section describes an overview of the the workflow for processing the UX11 PPK with the
photogrammetric software, UASMaster

Exporting from TBC to UASMaster

e Select the Photogrammetry tab from the top of the Ribbon in TBC
o Click Send to UASMaster

o Select Flight Mission

o Select All Objects for GCPs

o Hit the OK to send to and open UASMaster

BDC 4-G-LEAGA B0 =] & ‘lJ!:{Filterr YRS QLG8 XSV BOO-- DEL45972_ROVER - Trimble Business Center - g x
File  Home Survey GIS CAD Drafting Surfaces Corridors Point Cl... Cﬂnstm..JPhomgr...'Tunneh Mobile... Data Pr.. Takeoff Site Ma... Comidor... Utility Drill Pile... Macros Support ? & *

3 & A &ljlea | B % ® 8 9 ©
Change Coordinate Merge Flight Group Photo | Adjust Photo Advanced | Send to Rectified Create Point Create Create Camera Measure  Photo
System Missions Stations Stations UAS UASMaster Image Cloud Raster DSM  Orthomosaic | Calibration Photo Point Point
Setup Adjust Deliverables Data
Ol properties ~ % X s Send to UASMaster - 2 X
ETA® |
3889 objects. Coordinate system

selected. United States/ITRF to NADS3 - Califamia Zone 5 0405
All (3889) (GEQID12B (Conus). ITRF to NAD 1983 (2011). Geodetic

RefSystem 1980)
Change

Data to send

Flight missions: 2
Flight mission

9 2018-09-22_13h04_Flight_1

W View Filter Manager ~ & %X [planView [MyFilter] X 3D View [MyFilter] X ProcessView X
BE X cseaeD SO R

W | MyFiter ‘ '

L) ‘:Everythmg) E“ N
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RTK Vector
As-Staked Point
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Offset
Point
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Laser Rangefinder
Leveling
Media Folder
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Traverse
=[] Photogrammetry
[] Photo Ststion
Referenced Image (Station View
Referenced Image (Plan View)

[] Image Frame

%

Ground control points:

SELECT ALL

Point Observations GNSS Data Types 4 ¥
~

[] Show point IDs P Flags pane =

P‘ Flagged Objects * Message

Show paint symbals.

[]Show feature code
[[]Show elevation
Show disconnected points o

T ProjectExpIoTer| T, View Filter Manager | II“ﬂ

Select Obj @ %7 L Snap & USSurvey Foot Gid Califomio Zone50405 3889 [ 82098169721 ft =
jects i p ey £

e UASMaster will automatically open and all primary settings within the software should
automatically be configured. You must now save your project.

(W1 Import Fram Trimble / Spectra Precision Office Software.., 7 X

Inpho project file: | I:\Projects\UX11\Bullseye\UAS Master\Workflow.prj | l:_]
Project type: UAS (Area Mapping)  ~ |

| ok || cancel |
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Reviewing project settings UASMaster

As mentioned earlier, creating your project directly from TBC ensures that all settings, cameras,
photos, points and PPK locations are automatically set within the UAS Project Editor. As a standard
operating procedure, these should be verified prior to continuing the photogrammetric process.

4, UAS ApplicationsMaster - [[A\Projects\...\UAS MasteWorkflow.pri]
Project Display View UAS Tools Window Options Help
e A (e T T L ey L

|

u}

X
w

=%

4
e — ;
(4] UAS Project Editor - [1\Projects\...\Werkflow.prj] = gﬁ:c;':f:':f: 57, =
Sl Bl Wen ook kip E
R TRy
Project | i [ Bopen.. || Hedn. |

4 [5]Elements
& Cameras/Sensors 1 Georeferencing
4 Photos Start UAS Measurement.,

12 Frame Type

El orthos
%, GNSS/IMU - Approx. EO
B Points
4 [ Groupings
&9 Strips
4 [ Settings
4 J% Administrative
Project Type
Description
Operator

Radiometric Optimization
Reduce differences in brightness and
contrast between overlapping images

Surface and Ortho Generation
Start UAS Edit...

Image Analysis
Start eCognition Essentials...

4 J Corrections
Atmospheric Refraction &
Earth's Curvature =)

4 2% Project Coordinate System & Un
System ITRF to NAD 1983 (2011) / California Zone 5 0405
Object f(US) Batch Processing
; ; Processing from georeferencing to
mage piel

mesaic image generation...
Angular deg

Task Status®

Project Preparation
GCP Measurement
Relative Adjustment
Absolute Adjustment
Suiface Generation
Surface Editing
Mosaic Generation

CHETT pruce:
TBCCommunication: importExchangeFile()
Loaded 1247 of 1247 photos.

Loaded project I:\} \UX11! ye\UAS Master .pri. D

Active coordinate system: ITRF to NAD 1983 (2011) / California Zone 5 0405 Created: 06.03.2019 15:50 Modified: 06.03.2019 15:52

Start child process uas_proedit.exe
Client process connected =

[ output Log

Cameras/sensors settings

e Unique camera ID and sensor size of 5048 pix (width) x 4228 pix (height)
o Focal length = 12.0042 mm
o Pixel size = 1.6700 pm (width) x 1.6700 um (height)

e Platform camera mount rotation is 90.0000 degrees

Note: The camera sensor within the UX11 was focused and tested in the factory,
but was not individually calibrated during the assembly process. Each sensor has

A its own unique distortion values that may vary slightly from one to another.
Photogrammetry software like UASMaster and Pix4Dmapper are quite effective at
identifying the difference in distortion values from the initial values. You may
consider performing a camera calibration at your discretion.

Photo settings, metadata and frame type

Displays all photos exported during the Send to UASMaster process in TBC. The position shown will
be based on the project coordinate system assigned in TBC. The positions listed are to the projection

Delair | 676, Rue Max Planck — 31670 Toulouse-Labege, France | Tel: +33 (0) 5 82 95 44 06 | www.delair.aero
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centers of the sensor and have had the GNSS offset applied.

Frame Photos

D | Camera | Coord. System | East X | Morth Y | Height Z | Omega | Phi ! Kappa ITerram ||:
01_00000064 427 ITRF to NAD 1983 (2011) / California Zone 50405 6246236.012 1957884307 641.426 -39829 -8a7M6  -71.5665 336,171 |
01_00000065 K28 4271 ITRF to NAD 1983 (2011) / California Zone 50405 6246308.569 1957908.159 640.727 -5.7638 -44526 -68.3018 335471
01_00000066 2§ 4271 ITRF to NAD 1983 (2011) / California Zone 50405 6246380.378 1957934.039 640.332 100642 -0.2505 -72.8046 335077
01_000D0D67 5§ 4271 ITRF to NAD 1983 (2011) / California Zone 50405 6246452197 1957955.497 643.262 135055 12237  -77.6640 338.007
01_00000068 24 4271 ITRF to NAD 1983 (2011) / California Zone 50405 6246523.937 1957972.016 646.005 57049 -0.1423  -80.3469 340.840
01_00000063 2 4271 ITRF to NAD 1983 (2011) / California Zone 5 0405 6246595412 1957986.402 643.431 34084 -16192  -83.4075 340.176
01_00000070 KE 4271 ITRF to NAD 1983 (2011) / California Zone 50405 6246666.679 1958000.141 643.702 14592 -1.0201  -86.8005 340.447
01_00000071 K23 4271 ITRF to NAD 1983 (2011} / California Zone 5 0405 6246735.804 1938014.728 643.026 -1.6413 14954 -83.5012 339.771
01_00000072 KEF 4271 ITRFto NAD 1983 (2011)/ California Zone 50405 6246804.254 1958030.234 644.447 9.9901 -4.8219  -87.8246 339.192
01_00000073 23 4271 ITRF to NAD 1983 (2011) / California Zone 5 0405 6246872592 1938043.524 645.729 6.9620 07209 -84.0443 340.474
01_00000074 KEN 4271 ITRFto NAD 1983 (2011) / California Zone 50405 6246941.741 1933034.819 544.829 28492 -5.8251 -90.5022 339.573
01.00000075 K28 4271 ITRF to NAD 1983 (2011) / California Zone 50405 6247010.584 1958065.508 642425 -1.7126  -3.0393  -92.1022 337.170
01_00000076 KEN 4271 ITRF to NAD 1983 (2011) / California Zone 50405 6247080.343 1938082.241 640.505 83355 -2.8261 -874234 335.249
01_00000077 8§ 4271 ITRF to NAD 1983 (2011) / California Zone 50405 6247151.122 1958099.875 B40.957 24506 -4.7250  -00.6017 335701 -
1| J 3
0/1247 Units: ft (US), deg

Displays all image trigger events corrected during the PPK process in After Flight. The position shown
will be based on the project coordinate system assigned in TBC.

e The GNSS standard deviations should match the values shown the After Flight export report.
Please review these values.
e The IMU rotational standard deviations are at its default setting, as the UX11 does not include
a high-accuracy IMU. The following settings are recommended:
o Omega = 6.00 degrees
o Phi=6.00 degrees
o Kappa = 20.00 degrees

GNSS/IMU - Approx. EO ? X
D | coord. System |Parameter Set | EastX | NorthY  HeightZ |SidDevX |StdDevY |SidDevZ | Omega | Phi |Keppa |StdDevO | StdDevP | StDevk || J
0100000064 ITRF to NAD 1983 (2011) / California Zone 50405 MavPar Default  6246235.977 1957884.838 641.236 0.0660 0.0660 00660 00000 00000  0.0000 £.00000 600000 20.00000 || ‘ ]
0100000065 ITRF to NAD 1983 (2011) / California Zone 5 0405 NavPar_Default 6246308.496 1957908.696 640.568 0.0660 0.0660 0.0660 0.0000  0.0000 0.0000 6.00000 6.00000 20.00000 5
0100000065 ITRF to NAD 1983 (2011) / California Zone 50405 MavPar Default 6246380342 1957934603 640.341 0.0660 0.0660 00660 00000 00000  0.0000 £.00000 600000 00000 || J
01.00000067 ITRF to NAD 1983 (2011) / California Zone 5 0405 NavPar Default 6246452204 1957956.060 643316 00660 00660 00660 00000 00000  0.0000 6.00000 6.00000 20000 || ]
0100000068 ITRF to NAD 1983 (2011) / California Zone 5 0405 NavPar Defoult  6246523.973 1957972578 646.052 0.0660 0.0660 00660 00000 00000  0.0000 6.00000 6.00000 00000 |
0100000069 ITRF to NAD 1983 (2011) / California Zone 5 0405 NavPar Default 6246595480 1957986959 645.367 0.0660 0.0660 00660 00000 00000  0.0000 6.00000 6.00000 2000000 | Parameter Sets...|
0100000070 ITRF to NAD 1983 (2011) / California Zone 50405 NavPar Default 6246666778 1958000691 645.620 0.0660 0.0660 00660 00000 00000  0.0000 6.00000 6.00000 2000000 || ]
0100000071 ITRF to NAD 1983 (2011) / Califoria Zone 50405 NavPar Default ~ 6246735.872 1958015.277 644.914 0.0660 00660 00660 0.0000 00000 00000 6.00000 6.00000 2000000 ‘ ‘
0100000072 ITRF to NAD 1983 (2011) / California Zone 5 0405 NavPar_Default 6246804.369 1958030.787 644.454 0.0660 0.0660 0.0660 0.0000 0.0000 0.0000 6.00000 6.00000 20.00000 Find...
0100000073 ITRF to NAD 1983 (2011) / California Zone 5 0405 MavPar Default ~ 6246872.662 1958044.084 645.607 0.0660 0.0660 00660 00000 00000  0.0000 600000 £.00000 2000000 [
0100000074 ITRF to NAD 1983 (2011) / California Zane 50405 NavPar Default 6246941833 1958055363 644771 0.0660 0.0660 00660 00000 00000  0.0000 6.00000 6.00000 20.00000 [ Sort D
0100000075 ITRF to NAD 1983 (2011) / California Zone 50405 NavPar Default  6247010.737 1958066.441 642.319 0.0660 0.0660 0.0660 0.0000 00000 00000 600000 600000 2000000 ~ numerically
0/1247 i ? x Coordinate system: |Project  +| Units: ft (US), deg

~ GNSS/IMU | ok || eaneat |[ Appy |

- - = GNSS positions [ft (US: MU rotati Foh
oo - positions [ft (US)] rotations [deg]
EastX: |0.0656| | Omega: |6.00000 | s
North ¥: |0.0656 |Phi:  6.00000 | [e]
Height Z: |0.0656 | kappa: | 20.00000 | t
Active coordinate system: ITRF to NAD 1983 (2011) / California Zone 5 0405 Created: 06.03.20: | Defaut | t Q ereiad
o - 0%
- : Pe] 00001107

[ o J| concel [[ sooiy e Q
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e The Parameter Set defines the rotational sequence, the rotational axes and transformation

direction. The following settings are recommended:
o  Photogrammetric System
m  Sequence: Omega, Phi, Kappa (ISPRS Standard)
m Rotated about: Rotated Axes
m Direction: World = Image

Mavigation Parameter Set Properties ? X
Identification: |‘Ea'-. Par_Default |
~— Rotation

@ Photogrammetric System

Sequence: |Ornega, Phi, Kappa {ISPRS Standard) |

Rotate about: |Rotated Axes v

Direction; |World - Image - |
[ Aeronautical System

Sequence: | Rall, Pitch, Yaw X |

[m] Apply compensation for meridian convergence

—[ | consider global shift values

| i )

[ft us)]

| [ft (s3]

[ ok || canemt || 2oy

During the during the Send to UASMaster process in TBC, you have the opportunity to select as
many or as litle GCPs/CPs that you have available in your TBC project. The default type of these
points are full horizontal and vertical control points (or HV). The following settings are recommended:

Due to the accurate geolocation of the UX11 PPK, you may elect to use all your points as check

points only. This will give you a better estimate of the overall accuracy of the To do this you must
select the points.

www.delair.aero
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8 Getting Started in Pix4Dmapper

This section describes an overview of the the workflow for processing the UX11 PPK with the
photogrammetric software, Pix4Dmapper.

The following steps can be taken to export a CSV file with image locations in your preferred coordinate
system, including orthometric heights (such as NAD83 and NAVDS88 in this example). This step works
around the lack of support in Pix4Dmapper for geoid models such as the CONUS 12B geoid for North
America.

Click on the Data toolbar in the ribbon of TBC

Click on Export

Under the Survey tab select Flight mission exporter
Ensure that all the features are selected

Select a destination directory to save the file

Click OK to export

(4 Export >~ 31 X
v E G
File Format
Point Cloud Mobile Mapping
Corridor Custom GIs
Survey CAD Construction
Digital Fieldbook job file exporter ~

FAST Survey job exporter (.CRD)
Field Surveyor V2 job file exporter

Flight Mission exporter
GPSeismic exchange format exporter
LINZ Cadastral Survey LandXML exporter

EEI_NEE'. exporter W
Data
|Selected: 3889 . Options
File Name
IADelair Demo Dat..\DEL45972_ROVER fraj.csv v o .

Close command after export

Settings %
File type: csv
Delimiter: Comma

www.delair.aero
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Important: When exporting the Flight Mission from TBC, a CSV file is created, but
it includes columns not recognized by Pix4D. You must remove the following

columns from the exported CSV before proceeding to import into Pix4D.

Delete Column B “uniqueid’, Column C “fixed quality” and Column J “gpstime”

These columns are shown in red below:

A | B C D E F G H | J
1 W id X y z roll pitch yaw gpstime
2 |01_00000064.jpg 10523()1700"[)00064 1| 1903856.544| 596764.3304| 195.5070555( -11.13970 4.80810 70.45440 0
3 |01_00000065.jpg [1052301_ 00000065 1| 1903878.66| 596771.6003 195.293899 -7.00420 1.98510 67.95610 0
4 |01_00000066.jpg |1052301_ 00000066 1| 1903900.547| 596779.4887| 195.1735952 10.41900 3.44240 73.23260 (1]
5 |01_00000067.jpg [1052301 00000067 1| 1903922.437| 596786.0292| 196.0666933 15.41080 2.12100 77.78440 0
6 |01_00000068.jpg 1052301 00000068 1| 1903944.304| 596791.0641| 196.9301468 5.60100 1.09470 80.40750 0
7 |01_00000069.jpg (1052301 00000069 1| 1903966.089| 596795.4488| 196.7277693 3.20190 1.99690 83.51150 1]
8 |01_00000070.jpg [1052301_ 00000070 1| 1903987.812| 596799.6366| 196.8104931 1.40030 1.09970 86.82700 0
9 |01_00000071.jpg 1052301_00&)0071 ‘1| 1904008.881| 596804.0826| 196.6043934 -1.80050 1.29940 83.45930 0
10 |01_00000072.jpg 1052301 00000072 1| 1904029.745| 596808.8089| 196.4279115 9.83970 5.12390 88.68770 0
11 /01_00000073.jpg |1052301_00000073 1| 1904050.574| 596812.8597| 196.8186467 7.00000 0.00000 83.99990 0
12 |01_00000074.jpg |1052301_00000074 1| 1904071.651| 596816.3025| 196.5441419 2.91490 5.79250 90.79470 0
13 /01_00000075.jpg |1052301_00000075 1| 1904092.634| 596819.6824| 195.8115272 -1.60230 3.09880 92.01340 0
14 /01_00000076.jpg |1052301_00000076 1| 1904113.897| 596824.6607| 195.2261822 8.21260 3.16730 87.85690 0
15 |01_00000077.jpg |1052301_ 00000077 1| 1904135.47| 596830.0356| 195.3639379 2.50840 4.69550 90.80570 1]
16 |01_00000078.jpg |1052301 00000078 1| 1904156.582| 596835.6483| 195.6812036 3.70770 3.69230 91.13940 0
Corrected format should be in the following order:
e #image, Easting (X), Northing (Y), Elevation (Z), Roll, Pitch, Yaw
This format is shown below:
A B C \ D _ E | E \ G

1 |#image X v z roll pitch yaw

2 |01_00000064.jpg | 1903856.544| 596764.3304| 195.5070555| -11.13970| 4.80810|  70.45440
3 |01_00000065.jpg| 1903878.66| 596771.6003| 195.293899| -7.00420| 1.98510| 67.95610
4 |01_00000066.jpg | 1903900.547| 596779.4887| 195.1735952| 10.41900| 3.44240| 73.23260
5 |01_00000067.jpg | 1903922.437| 596786.0292| 196.0666933| 15.41080| 2.12100| 77.78440
6 |01_00000068.jpg | 1903944.304| 596791.0641| 196.9301468| 5.60100| 1.09470| 80.40750
7 |01_00000069.jpg | 1903966.089| 596795.4488| 196.7277693|  3.20190| 1.99690| 83.51150
8 |01_00000070.jpg | 1903987.812| 596799.6366| 196.8104931 1.40030| 1.09970| 86.82700
9 |01_00000071.jpg | 1904008.881| 596804.0826| 196.6043934| -1.80050| 1.29940| 83.45930
10 |01_00000072.jpg | 1904029.745| 596808.8089| 196.4279115| 9.83970| 5.12390| 88.68770
11 |01_00000073.jpg | 1904050.574| 596812.8597| 196.8186467| 7.00000| 0.00000| 83.99990
12 |01_00000074.jpg | 1904071.651| 596816.3025| 196.5441419| 2.91490| 5.79250| 90.79470
13 |01_00000075.jpg | 1904092.634| 596819.6824| 195.8115272| -1.60230| 3.09880| 92.01340
14 |01_00000076.jpg | 1904113.897| 596824.6607| 195.2261822| 8.21260| 3.16730| 87.85690
15 |01_00000077.jpg | 1904135.47| 596830.0356| 195.3639379| 2.50840| 4.69550| 90.80570
16 |01_00000078.jpg | 1904156.582| 596835.6483| 195.6812036| 3.70770| 3.69230| 91.13940
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Click on the Data toolbar in the ribbon of TBC
Click on Export
Under the GIS tab select Esri shapefile exporter
It is not necessary to select all the features here as we are only after the projection (.prj) file,
so you only need to select a single point from the dataset (e.g. the base point)
Select a destination directory to save the file
Set the output horizontal to the appropriate format.
o For projected systems please select Grid: North,East
Click OK to export

[+ Export >~ 3 X
. B
File Format
Paint Clowd Maobile Mapping
Carridor Custom GIS
Survey CAD Construction

ESRI File Geodatabase
Feature Extraction Attribute Map (exl) exporter
Geodatabase XML exporter

Kml./Kmz Enrter

| Options

File Name

DEL45972_ROVER.shp [l

Clozse command after export

Settings b
Distance units: US Survey Foot
Output horizontals Grid: Marth, East
Output vertical: Orthometric Height
Mame: Yes
Description: Yes
Layer: Mo
Feature codes: Yes
Global coordinates: Yes
Local coordinates: Yes
Grid coordinates: Yes
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AERIAL INTELLIGENCE

Set up a new project in Pix4D using the flight mission and projection files exported from TBC. This
helps to avoid incorrect transformations or coordinates from being used.

e Create a new project
e |Inthe Image Properties window you must:
o  Edit the coordinate system
o Import the geolocation of the images “From File...”

B New Project 4
Image Properties

Image Geolocation

Coordinate System

@) @ Dstum: War Geodstic System 1384; Coordinste System: WGS &4 (sgm36)

Geolocation and Orientation

@ Geclocat=d Images: 161 cut of 161 Clear From EXIF From Fie... To Fie...
Geolocation Accuracy: O Standard O Low @ Custom

Selected Camera Model

@ [© Uxi1-38_12.0_5048x4228 (RGE) | Edk...
Enabled Image Group {‘;;gf:ej Lﬁj"eggi::;e mt[irt:]de 2l
01.00000158,jpg groupT 43.43952556 175895667 352,967
01.00000158,jpg groupT 4343952361 175913111 352,750
01.00000160,jpg group’ 4343952611 175930278 351477
01_00000161jpg groupT 4343952722 175847000 350.221
01.00000162,jpg groupT 43.43953028 175963972 349.206
) i vy I PR FEpass PR b
< >
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e In the Select Image Coordinate System window you must:
o Select Advanced Coordinate Options
o Select Known Coordinate System
m Click on From PRJ...
m Select the .prj file exported from TBC
o Select Arbitrary for the vertical coordinate system

Select Image Coordinate System >

Selected Coordinate System

Datum: ITRF to NAD 1983 (2011)
=7 Coordinate System: California Zone 5 0405 (2D)

Coordinate System Definition
Unit: |[ft =
% Arbitrary Coordinate System [ft]

(®) Known Coordinate System [ft]

Q. |california Zone 5 0405

From PRI...| |From List...| [From EP5G...

More projection systems (.prj) available at http://spatialreference.org/

Vertical Coordinate System

(O MsL

() Geoid Height Above Geodetic Ref System 1980 Ellipsoid [ft]
® Arbitrary

Advanced Coordinate Options

Cancel

www.delair.aero



e Inthe Image Properties window you must:
o Select From File under the geolocation and orientation sub-menu
o Select File Format of X,Y,Z

Select the modified .

\DELAIR

AERIAL INTELLIGENCE

csv file exported from TBC

Select Geolocation File X
File Format: X.._ X Z -
Mg Propestes File: |DEL45972_Flight 1.csv | [ Browse... |

Image Geolocation Cancel Help

Coordinate System

@ &5 Datum: TTRF to NAD 1983 (2011); Coordinate System: California Zone 5 0405 (2D) Edit...
Geolocation and Orientation

€ Geolocated Images: 36 out of 36 Clear From EXIF | [From File...| | To File...
Geolocation Accuracy: O Standard O Low @ Custom

Selected Camera Model

@ & UX11-3B_12.0_5048x4228 (4103244849) (RGB) Edit...
Enabled Image Group [ft] [;] [fzt] ﬁ;rﬁf?]; A‘uf:r: g [25?5:] [d:;riee] [dK:;l::e] .
01_00000199.jpg groupl 1904318.093 596890438 201.344 0.055 0.055 0.10010 -2.20000  -157.40400
01_00000197.jpg groupl 1904313.039 596914800 201.425 0.055 0.035 3.90020 -0.59860  -160.74070
01_00000196,jpg | groupl 1904510275 596928260 200943 0.055 0.055 -8.40460 1.87960 -158.87760
01_00000194.jpg groupl 1904305778 596955.890 200.320 0.055 0.055 291700 619200 -160.58490
01_000000%4.jpg groupl 1904496650 596904.900 197,161 0.055 0.073 5.80170 1.39280 9774140
01_00000093.jpg groupl 1904475772 596900.242 197102 0.055 0.075 4.50000 0.00000 97.00020
01_00000092.jpg groupl 1904454782 596895730 197.332 0.055 0.055 0.80000 0.599%90 98.60840
01_00000091.jpg groupl 1904433126 596891.530 196.792  0.055 0.055 £.21290 3.67830 96.20020 &

Help < Back Next > Cancel

Note: You should verify the estimated image geolocation accuracies with those
from the After Flight report generated in Section 5 of this document. If values are
different please adjust accordingly.

www.delair.aero

M



\DELAIR

AERIAL INTELLIGENCE

Ground control points (GCPs) are used to georeference the model produced during the
photogrammetry process. A minimum of three GCP’s are required to scale, rotate and locate the
model. GCPs improve the relative and absolute accuracy of the model.

Checkpoints (CPs) are used to assess the absolute accuracy of the model. The marks of the
checkpoints are used to estimate the initial 3D position within the model. The differences reported
between the initial and computed positions help give an estimation of the absolute accuracy of the
model in the general area of the Checkpoint.

e On the Project menu, select GCP/Manual Tie Point Manager:
o If necessary, edit the coordinate system of the control points via the Edit... button
m Default setting is based on the output coordinate system assigned during
project setup
o Select Known Coordinate System
m Click Advanced Coordinate Options
m Clickon From PRJ...
m Select the .prj file exported from TBC
o Select Arbitrary for the vertical coordinate system
o Add the control points
m This can be done manually by selecting Add Points or from a CSV by using
the Import GCP... button

[ PitDmapper - DELA372,Flight 1 OptoCam_0GC = @ %

Project | Process View MapView Help

0 NewProject. CtileN Satelite = & (]
£ Open Project. Cul+0 I\
Recent Projects ’ Frugt VY i
Close Project B GCPAMTP Manager

Download Project Fles P Caordrate Sysiem

[ Datum: NADS3 (National Spatial Reference System 2011); Coordinate System: NADS3(2011) / California zone 5 (ftUS)

& Upload Project Fils...
& Image Properties Editor...
GCP/MTP Manager...

Select Output Coordinate System...

GCP/MTP Table

e o

Ay *

3 X Al 1
Label Tyee [US survey foot]  [USsurveyfoot]  [USsurvey foat]  orz {US surveyfaol ert [US survey foot

B SaveProject Gt
Save Project As.. CtrleShifts

Biport GCPs...

10 600 Check Point 6246690.738 1956733054 3
Spiitinto Subpicjects..

g 60 Check Point 6247041265 1956779.880 a8 #dd Point

it

cul+Q

Check Point BTI8A14 1956830.195 e Remove Points,

Intiex
Calculator 88
I

wwwwww nen ansenan s

Import Marks.... |Export Marks,

GCP/MTP Editor
[ Select GCP Coordinate System

| 10 order to compute the 30 pasiton of a GCP/MTF, it needs to be marked on at least two images.
In order to take GCPs into account for georeferencing the projedt, at least 3 GCPs need o be marked.
Marking GCPs/MTPs after step 1. Initial Processing requires the user fo run Process > Reoptimize. Selected Coordinate System
‘The GCPS/MTP accuracy can be verifid in the Qualty Report orin the rayCloud Ecitor. . -
; ) g Datum: NADB3 (National Spatial Referenca System 2011)
Use the Basic Editor either # Coordinate System: NADB3(2011) / Calfornia zone 5 (flUS)
1) before running step 1. Iital

ek Coordinate System Definition
2) when using ron-geolocated images,

(Recommended) Use the rayCloud Editor
i after step 1.Iniial Processing is done.
This allovs 2 fast and precise paint

Unit: it *
B 3) wehen using an arbitrery coerdinate
system, O Arbitrary Coordinate System []
rayCloud Editar... sasic Edtor... @ Known Coordiate System [f]

Q. [nape3(z011)/ Calformia z0ne 5 (RUS)

From PRY... |From List.. |From EPSG..

Mare projection systems (.pr) avallzble at hitp:/epatialeference,org
Vertical Coordinate System

Omst
® Geoid Height Above GRS 1980 Elipsoid [ft] 0,000

O Arbitrary

¥ Advanced Coordinate Options | [ import Ground Control Paints

Coordinates Order: Y, X, Z

o

Processing o3 Fle: DEL45972_CNTL-SPC.cov o
= oK Close Cancel Help

Log Outpt

Fro::ssmq: ?
Options  y ¥4 b+

WGS3A - (3436999965, -119,04872228) NADB3IZ011) / California zone 5 (fLUS) - { 6745208.099, 1959675.188) [US survey foot]

www.delair.aero
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e The first step is to run the Initial Processing. Make sure that processing steps 2 and 3 are
deselected as shown below.
e When this step is finished, a Quality Report will appear

[ PidDmappe: -DEL4SST2 Fight 1 OptoCam.0GCP T

Project Process View MapView Help

o

“Eh
o

&) online support

Quality Report

@  mportant Giickon the difsronticons for

@ biip o anayee e rsuls n e Gualty Repart

3
0 :!
Adationlinformaton about he sectons 3
@ Clickhere for addibona s to anabyze the Qualiy Report gasi
Beai
Bedi
summary L] Be.!
=3
Project DEL45972_Fiignt 1_OptoCam_0GCP.
Processed 2018-12.27 155931 <
Gamera Model Names) UX11-38_12.0_50484228 (RGB) Bas:
Average Ground Sampling Distance (GSD) 134cm /0530 343
|
Quality Cheek L] 2,
@ images median of 5975 keypoints perimage
@ pataset 1248 out of 1248 images caiibrated (100%) 1 images disabled

@ camera Optimization 0% rolaive diflerance bstween inifal and opiimized intornal camera parameters

@ matching median of 4334.56 maiches per calibrated image

>oooo

® Georsferencing yos.no 3D GCP

9 1. Iitial Processing [ 2. Point Cloud and Mesh [] 3. DSM, Orthomosaic and Index
? 2 iy Aumotcolyar Processiog
Log Output  Current: 0%
Lo I 1 o7
Processing
Options | Ot Status... Start Cancel Help

WGSEA - ( 3436401472, -119.04762228) NADB3(2011) / California zone 5 (RUS) - ( 6245517359, 1956501.452) [US survey foot]
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Marks associate the coordinates of a GCP or a CP with a visual mark on one or more photographs.
Remember that GCPs improve the relative and absolute accuracy of the model while CP’s help
assess the absolute accuracy of the model.

e On the View menu, select rayCloud, go to Layers and expand Tie Points until you see all
GCPs/MTPs that have been imported.

o Go through each of the GCPs in turn and mark the precise location of the ground
marker.

o The initial processing step will already have made preliminary marks of the GCP in the
photograph and so the visual ground marker should be close by.

o It is recommended to place a mark in a minimum of 5 images. Additional image
marks may improve estimated accuracy.

adlded0.065m Hi o x

Project
| 5 s 0
£ ¥ Greate Properties 5%
wome [T B | 1| 6 ||B% | 14 | B isection
I 626 (Check Point)
Map View Label: (626
= Type: | Check Point
rayCloud X [US survey foot]: | 6217416579
[ ¥ [US survey foot]: | 1957534.890
Voka 2 [US survey foot]: [333.104
Horizontal Accuracy [US survey foot]: | r/a
Vertical Accuracy (US survey foot]: | n/a
Number of Marked Images: 8
52 [poel]: 0.0496
Tndex Theoretical Error S(X.Y,Z) [US survey foot]: 0.003, 0.003, 0.017
Gty Masimal Orthogonal Ray Distance D{X,Y,Z) [US survey foot]: -0.021, -0.005, -0.000
: 0.031, 0037, 0.019
 6247416.579, 1957534.890, 333,104
6247416548, 1057531.853, 333,085
Automatic Marking| | Apply Cancel Help
 Images
tmage Size Zoom Level

Processing

Log Cutput

fe]

Processing
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Having marked each GCP/CP location in the
reoptomized for better results.

photographs, the

e Inthe Process menu, select Reoptimize

INTELLIG

ELAIR

™
N C E

Pix4D project should now be

- DELASST2 Flight 1.OptoCarm 0GCP - added0.065m HI

Type
X [uS survey foot]

rayCiot

E o ro
Index |
Calculator

So’ [poel]
US survey foot]:
Maximal Orthogonal

foot]
foot]
Computed Position [US survey foot]

Properties
¥ Selection
626 (Check Point)
Map Vie Label

Number of Marked Imagas:

foot]:

o ox
g
L}
5 x
(628 |
Check Point -
foainsiain |
[ 890 |
8
0.0495
0.003, 0.003, 0.017
-0.021, -0.005, 0,000
6247416579, 1957534.890, 333104
6247416548, 1957534853, 333.085
utomatic Marking) | Apgly Help

Processing
Log Output

Processing
Options

Zoom Level

You are now ready to complete the Pix4D processing of your UX11

PPK dataset.

Should any

questions arise during this the Pix4D process please refer to the software manual created during the

installation of your software.

Pix4D has an extensive online forum community and help section

available directly through the the Help menu.

PixdDmapper - DEL45972_Flight 1_OptoCam_0GCP - added0.065m HI

Project Process View rayCloud | Help
43 [ & |0 Help Contents B | 4y |8 | & - " @ ~ | ~|Undlassified
Project Froce 5 Online Support Havigation
. ¥ Create Community
()
— Personal Support
Home ]l E‘ /L. @ ke
[ﬂ] Settings...
Map Views e = About...
A yers
i

Assign

Point Cloud Editing
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