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GVI Green Valley International

FOV Held of View

GNSS Goba Navigation Satellite System
AGL Above Ground Level

VRS Virtual Reference Station

GCP Ground Control Point

IMU Inertial Measurement Unit

POS Position and Orientation System

DEM Digital Elevation Model

DSM Digital Surface Model
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1.1 Important reference documents
[1] UgCS User Guide

[2] LiAirV mounting guides
[3] LiAcquire Web User Guide

*that arenot availabldan links

1.2 Versionhistory
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1.0 32 26.01.2021] - Tobias Wentzler
Alexander Lynott

1.3 Devices Software, Serviceroviders

Distribution Epotronic GmbH
Provision of all components Hansaallee 201, 40549 Dusseldorf

order@epotronic.com

Sensomanufacturer GreenValley International
LiAir V

Software

LiGeoréerence GVI

LiMapper GVI
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Lidar360 GVI
LiPowerline GVI
Satellitedata
Local Base Station GVI
NTRIP SAPOS
2. Overview

The workflowguidanceprovidedin this documentdetail the steps deemed to be the most
important for successful data collection and processifitis consists of: Important
theoretical background knowledge, drone Installation, flight execution and data acquisition,
point cloud georeferencing and prelinary processinglhe information intends to concisely
provide the user with the knowledge to successfully collect andppoeess dataLinks to
additional useful resources are also provided.

3. Introduction

Copmany overview oreen Valleyinternational (GVijand their software suite as unique
selling point.

3.1. About GreenValley International (GVI)

Green Valley International (GVI) manufacture cuttetge lidar scanners. They offer airborne
sensors: the LiAir series, ground sensors: the LiBagk@and LiMobile (attached to vehicles)
series as well as processing software. The LiAir series attach to drones, specifically the DJI M
series, as well as to fixed wing UAVs, and unmanned and manned helicopters for the larger
models.

The LiAir V, as showin figure 1, attaches to the DJI M series drones. It is lightweight,
affordable, useffriendly, and stripped down to the bare essentials required for a lidar survey.
It has a 38.4° field of view (FOV). The software suite consists of:

Lidar360: flagshipgstprocessing software.
LiGeoreference: pHprocessing software that georeferences the pettaud.
LiPowerline: posprocessing software specifically designed for powerline analysis.

LiMapper photogrammetry processing software.

5
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Figure 1: The front face of the LiAir V.

3.2. GVlIsoftware suites

The software provided by GVI has many features, especially analysis tools, and fbij-step
step instructions on how to use every feature is beyond thepscof this manual. For this,
users can refer to the user guides and free written tutorials provided by GVI, which are
available on GVI's website or at the following links.

In general, it is recommended that users first read through this document to ggémeral
understanding of the LiAir V data collection and processing workflow from start to finish. For
more details, users can refer to the following tutorials, and for the greatest detail: the user
guides.

3.2.1. LiGeoreference

A workflow tutorial for data processing in LiGeoreference is available online, at the following
link. The guide provides lots of useful background information and a general workflow to
follow. Please note, there is currently no-tgpdate user guide for Georeference, so please
follow the guidance in the tutorial, and advice given in this document, which aims to be more
concise, and specific where necessary. There are also useful video tutorials produced by GVI
available at the links below.

LiGeoreferenceutorial: https://greenvalleyintl.com/wp
content/GVITutorials/LiAir%20V%20Articles/LiAir V/1c_LiAir VDataProcessing.html

LiGeordéerence video tutorials:


https://greenvalleyintl.com/wp-content/GVITutorials/LiAir%20V%20Articles/LiAirV/1c_LiAirVDataProcessing.html
https://greenvalleyintl.com/wp-content/GVITutorials/LiAir%20V%20Articles/LiAirV/1c_LiAirVDataProcessing.html
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15 minutes:https://www.youtube.com/watch?v=XLkzv986Js

1 hour:https://youtu.be/EVVvOkygOgc

3.2.2. LiAcquire Web
The user guide for LiAcquire web is available from Epotronic.

3.2.3. Ldar360

The user guide for Lidar360 is very detailed, providing specific details and instructions on
every feature in the software. It is available online and at the following link:

Lidar360 User Guidéttps://greenvalleyintl.com/wpcontent/lidar360 en/index.html

For a more general understanding of the features in Lidar360, users can follow the workflow
tutorial provided byGVI, which goes through critical processing steps, as well as analysis
features for different applications, e.g., forestry monitoring. This tutorial also includes
workflows forLiPowerlineandLiMapper. It is available at:

Lidar360/LiPowerline/LiMapper tatial; https://www.greenvalleyintl.com/wp
content/GVITutorials/

3.2.4. LiPowerline

There is currently not a user guide for LiPowerline, however, the tutorial above, and the
information provided here should allow users to successfully utilize the software.

3.2.5. LiMapper

The user guide for LiMapper is available at the following link. This guide is formatted more
like a workflow guide than a user guide, and is more detailed than the LiMapper tutorial
described in 1.2.3. However, both are recommended.

LiMapper User Guiddtttps://greenvalley.qitlab.io/LiMappeDoc/latest/en/

3.2.6. Additional material

For FAQs and other hete guides, GVI also has produced an online Knowledge Base. This
includes a tutorial on dw to set up a survey control point, along with important background

AYTF2NXYEFGAZ2Y o0dl 2000AN¥ OB OIPEANIDbYAIK FasS {aFa
available at:

KnowledgeBasdttps://greenvalleyintl.com/wpcontent/KnowledgeBase/index.html

At the following link, an introduction to the LiA#rsystem and a general workflow of how to
undertake data collection can be found (also where the LiGeoreference tutoloakited).

7
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LiAir V introduction/setuphttps://greenvalleyintl.com/wp

content/GVITutorials/LiAir%20V%20Articles/

4. Data collection workflow

The following workflow describes the steps required to undertake a flight with the LiAir V and
record data.

4.1. Flight planning

Flight plans allow drones to fly agdetermined route, as opposed to being controlled
manually. This is standard for dromeapping projects. These can then be uploaded to the
remote controller of the drone to execute the flight. GVI are currently developing flight
planning software: LiPlamut this is not currently available. Alternatively, users can use apps
such as DJI GS Pro and DJI Pilot, or-fiarty software such as Site Scan and UgCS. Site Scan

is integrated with ArcGIS, and consists of an iI0OS app for flight planning and cantta,
web-based app for processing and analysis. UgCS is solely a flight planning app available on a
PC. A user guide to create and upload a flight plan through UgCS is available from Epotronic.

Please note, the drone must always be flown forward, and iemalatively upright. When
ONBIFGAY3 GKS FfAIAKG LA Iy G 2of-e@htdshodltibe ficdn § KS R
before and after the main section of the flight. A radius ef(® m is recommended.
Undertaking these by manual control is alsoegtable. Generally, the main section of the

flight (the survey) consists of parallel flight lines a certain distance apart, as shown in figure

2. This distance is known as line spacing. As the laser scans within a 38.4° FOV, (70.4° with the
V70), terrain ot directly beneath the drone is measured by a more a shallow laser angle.
Points generated in these areas are positioned less precisely than the points closer to the
flight line. Therefore, it is crucial to have overlap between flight strips. Later it pos
processing, redundant less precise points can then be removed from areas of overlap.
Generally, 50% overlap is recommended.

Other parameters recommended include a flight altitude ofl®® m above ground level

(AGL), and-5 m/s flight speed, although®a S Yl & @I NE RSLISYRAYy3a 2V
requirements, e.g., resolution, accuracy or time limitations, and terrain characteristics, e.g.,
reflectivity, terrain type (open or forested), or undulation. The line spacing in metres can be
calculated fron the following formula:

Line spacing (m) = AGL (m) * tan(38.4/2)

9y adzNBE OFf Odzf I A2y A& YIRS Ay RSANBSad C2NJI
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Figure 2: General route pattern of a flight plan for drone mapping.
4.2.LiAirV drone installation

The LiAir V attaches to the DJI M series drones uniquely for each model. A specific mounting
kit for the LiAirV and GNSS antennas are required, which will be included in the purchase
from Epotronic. Therefore, it is essential that the drone model intended for use is specified at
purchase. If the user would like to mount it to a different drone, the complememtaynting

kit will need to be purchased. In addition, a new calibration file will be required, for the correct
processing of the Lidar sens@GNSS antenna offset.

Official installation guides are currently being finalised by GVI. However, picture guides are
available from Epotronic. (Tip: zoom in for the greatest detail).

Additionally, a video tutorial by Candrone for the mount installation on the M210 is
available athttps://www.youtube.com/watch?v=xaMeqiDuQw

Once the correct mounting kits have been attached to the drone, the LiAir V can be attached
with the SkyPort adapter. Remove the cap on the LiAir V SkyPort, and attach to the drone
SkyPort by aligning the white dot on the LiAir V SkyRortii KS NBR R20 2y GKS
and twisting until the red dots line up and a faint locking sound is heard. (this is the source of
power for the LiAir V).

Attach the GNSS antennas according to the relevant guide, and connect the cables to the
GNSS pts on the side of the LiAir ¥nsurethat the antenna towards the front of the drone
connects to the port towards the front of the LiAir V, and the antenna towards the back of
the drone connects to the port towards the back of the LiAir V, as showgurefB.

Turn on the drone (sho#press followed by longress). Then, turn on the LiAir V (shpress
button, followed by longpress). It will flash red, representing that it is syncing, until turning
solid red, (normally after a few minutes). Please nibte IMU (linked to GNSS) will not sync
if there is not a clear skyiew.


https://www.youtube.com/watch?v=x-aMeqiDuQw
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Figure 3: Correct installation of LiAir V antennas. Please note the M210 mounting kit is not
shown in this image but is required for flight with the LiAir V.

4.3.Base station setup

Please note, the data cannot be processed without data from a base station, for which the
base station must have been collecting data during the whole time the LiAir V was recording
data.

4.3.1. Background

The GVI base station may be used alone, however the absmtateacy of the point cloud is
likely to be several metres inaccurate. This is acceptable if absolute accuracy is not important,
the relative accuracy of the point cloud will still be high; it will just not be accurately placed
in a world/regional coordiate reference system (CRS). If wanting to join point clouds from
multiple flights where the GVI base station is set up at the exact same location, and the base
adlraArzy t20FGA2y KlFLayQid o06SSy AYRSLISYRSyi(fe
describedn section 3.2.1, to ensure accurate alignment of point clouds. If doing so, the user
should place a marker on the ground, e.g. a survey nail or wooden stake with a cross on the
top, and precisely measure the antenna height, to ensure the base stationtle isame
location if returning on another occasion (or to apply a correction if the height is not the same)
(see section 1.2.6).

For improved absolute accuracy, it is recommended to position the GVI base station over a
known point (a point that has premusly been accurately measured e.g. by a sugyeyle

base station), or by solely using a surgggde base station (if a RINEX file can be exported?*).
10
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A detailed guide for this setup is available in the GVI KnowledgeBase, as mentioned in

section 1.2.6.

TRS dzaSNJ OFy Fta2 dzasS bSGg2N] weyY (G2 O2NNBO
managed by a base station service provider, e.g., SAPOS in Germany. SAPOS manages a
network of base stations across Germany. The user can register with SAPOS onlinee(with t
relevant Bundesland), and then download the RINEX data from a chosen base station at the
time of the flight. This means, no local base station is required. However, the user should be
aware of distanc® 8 SR SNNRENE A PSPI 2efronsthelrdS exoeeds S & G |
around10 km, accuracy starts to decline. If there is no base station located nearby (see map

on SAPOS website), the user can use a virtual reference station (VRS), which can be
downloaded as RINEX data just like the real baseostdfata. The user must only additionally

enter the coordinates of the desired location of the VRS, i.e. nearby to the rover.

If the camera module is installed and the user plans to use photogrammetry to create a point

cloud with LiMapper, the user can paground control points (GCPs) (targets visible from the

drone) around the survey area. These should be accurately measured, e.g., by RTK, which
would then be used to measure and improve the accuracy of the point cloud in LiMapper. If

not using the cameraGCPs can still be measured around the survey area. However, targets
g2y Qi ySSR (2 0S LI OSR R2gy®d ¢ K-processing®ONIISR (
measure the offset of the classified ground points in the point cloud.

*RINEX is the internatiomatandard file type for GNSS positional data.
4.3.2. Setup

To set up the GVI base station, connect the antenna to the base station box, and connect the
DJI battery to the box. Ideally, place the antenna on a tripod over the known point, and
measure the height ative the point, using the guide written on the antenna to calculate the
distance to the phase centre. If not placed over a known point, on a tripod would still be best,
but on the ground would also work, albeit with lower accuracy, as long as there igraskie

view and not any objects or structures nearby.

Turn on the battery and wait for the flashing orange light on the box to turn solid, which
NBELINSaASyGa I O2ydAydz2dza al Sttt AGS O2yySOilA?2
seconds to start recaling data (the blue light will turn on). Do not move or disturb the
antenna until turning off data record.

4.4.LiAcquire Web

To monitor the LiAir V status and adjust parameters for the project, attach a computer with
the ethernet to LEMO cable (can be donefdse sync is complete). If connecting to a
computer for the first time, find the ethernet connection in the Windows Control Panel under

11
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IP address: 192.168.1.66
Subnet mask: 255.255.255.0

Default gateway: 192.168.1.1

( al
Internet Protocol Version 4 (TCP/IPv4) Properties 7 p——
[
General
You can get IP settings assigned automatically if your network supports
[ this capability. Otherwise, you need to ask your network admnistrator
[ for the appropriate IP settings

Obtain an IP address automatically

@ Use the following IP address:

IP address: 192 . 168 1 66
Subnet mask: 255 . 255 .255
Default gateway B O TN |

© Use the following DNS server addresses:
Preferred DNS server:

Alternate DNS server:

valdate settings upon exit TR

. >

Figure 4: Details required for ethernet connection to LiAir V.

{ SFENDK FT2NJ davMmpHdPmcy dmdyyé 2y | 5S6

thepopdzLd 6 AYR26> Sy (iSNJ dzASNYI YSY

I YR Sg/as ShdwninKigure 3.2t ft 26 Ay 3 RSOl A

can see the status of the LiAir V: the sync status of the GNSS (indWldgd._Ildar, Camera

and Project. Additionally, the user can change camera settings and change parameters of the
flight in control mode. The options here determine when data will be recorded. In speed
mode it is once a certain speed is reached, in heightenetlen a certain height is reached,

in flight mode data acquisition is triggered via flight control, and in fast mode the data records

immediately.

In LiAcquire the user can also upload an alternative calibration file under calibrate, for
example, if the ser has switched the model of drone, and a new calibration file has been
requested from Epotronic.

12
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4.5. Flight execution

Once the flight plan is complete and checked by running simulations (possible in UgCS), the
user can upload the route to the remote contiel of the drone, where it will be ready to
execute. Please refer to the UgCS guide as previously mentioned, to ensure all the correct
methods and checks have been undertaken.

Wait for the IMU and Lidar (and camera if used) to sync: shown as a solidgtitieri the

[ A AN 23X YR GNBIFR&¢ 2y [ A! Oljplesshdstide buttén®y R G I
GKS [A!P/'ANI £ 2NJ LINBaaAy3da aadl NI LINR2SOGée 2y
a2t AR 0fdzSZ FyR (KS lidd®uaiSgdi LiAcdqhiteLJi dzNB G A YSé &

Disconnect computer when ready (can be done at any timeflggkt). Please note, a
computer connection is not required for each flight, the LiAir V will remember the chosen
parameters for future flights without reconnection.

Wait for 5 minutes before starting the flight, and launch the ppgepared flight from the
remote controller. (This is generally as simple as pressing start once the flight plan has been
uploaded and positioned correctly). Some manual control may be requirpceferred, e.qg.,
landing or figureof-eight manoeuvres.

Once the mission is complete and the drone has landed, wait for another 5 minutes. Then
data collection can be stopped by shqtessing the button on the LiAir V, or by reconnecting
the computer anl doing so through LiAcquire. Turn off the LiAir V by spoess followed by
long-press, and turn off the drone in the same way. Alternatively, the LiAir V can be left on if
data acquisition can be made immediately (next step).

Stop data collection on thbase station by pressing the record button feR kseconds. The
blue light will turn off. Power off the battery and disconnect.

5. Data acquisition and processing workflow
5.1. Data acquisition

Power up the LiAY (will have to be mounted to poweresh drone) and attach the ethernet

OFoftS FTNRBY GKS [A! AN = (2\1192.1682188Jdz8 NP KBy 4 B A
OF NP ¢KAa gAfft €t20FGS GKS [ Al ANJ £Qé&mfds O NR«
hh-rmma d 02y @Sy iAz2y0 FyR O02L® AG G2 (GKS 02 YLz
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Contact us atnfo@epotronic.comfor further information.
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5.2.LiMapper

LiMapper is used for processing images. This software is more simple in its functions, but
remains powerful. (It is not trulgostprocessing).

1 Generate DEM/DSMnd orthomosaic. This is the main function of the software. By
generating a point cloud from the georeferenced images, an orthomosaic can be
generated (a maglike photograph of the survey are), and a DEM or DSM can also be
generated.

9 Control points and akckpoints. Control points can be added and marked for improved
absolute accuracy. Checkpoints can be included to measure absolute accuracy.

6. Final remarks

This guide has hopefully provided the user with an overview of the workflow required to setup
the LiAr V, collect data, and undertake pprocessing. Additionally, the user should have
gained knowledge about where they can find additional resources that can provide extra
detail on the workflow, and instructions on pegtocessing. We wish you luck withyrd_iAir

V and hope to provide for you again soon.
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[1] Figure Al: NPTEL [Online]. Accessed 01.12.2020. Available at:
https://nptel.ac.in/courses/105/104/105104100/

[2] Figure A2: Touring Machine Company [Online]. Accessed 01.12.2020. Available at:
https://www.touringmachine.com/Articles/aircraft/6/
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Appendix
GVI LiGeoreference Quality Report @ai

This section provides brief details about each section of the trajectory report which can be
generated in LiGeoreference.

Trajectory Report

The graphs in the trajectory report show various variables on the Y axis against GPS time on
the x axis. The timavill begin and end at when either the base station or the rover record
data. The numbers on the scale refer to the seconds of the week (starting from Sunday at
00:00 (UTCQ)) that the data was recorded.

1. Satellite links

This shows the number of satellites that the rover (the LiAirV) was linked to during the data
record. The colour represents whether the number is considered good, acceptable, or too few,
with regard to error, as shown in the key.

Figure 1. Number of Satellites Bar Plot
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2. Float or FixedAmbiguity

The status (fixed or float) of ambiguities.

Figure 2. Float or Fixed Ambiguity Plot
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3. Dilution of precision (DOP)

The DOP is an index that estimates positional quality related to the geometry of linked
satellites to the rover. Data received from satellites that are\sptead out in the sky provide

better positional quality than from satellites that are close together, as shown in figure 3.1.
The horizontal DOP (HDOP) and vertical DOP (VDOP) calculate the positional quality in the
horizontal axis and vertical axis, pestively. The positional DOP (PDOP) measures the overall
positional quality in 3D space. Lower index scores indicate better positional quality.

Figure 3. DOP Plot
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4. Data Coverage

The data coverage plot simply showkether or not the Base station, IMU, and remote, were
recording data. If there are any gaps in coverage, then the point cloud is likely to be too low
quality to use.

Figure 4. File Data Coverage Plot
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5. Estimated Attitude accuracy

Attitude is the orientation of the rover with respetb a static reference frame, i.e., the
estimate of pitch, roll and yaw (heading) of the LiAirV, like shown in figure 5.1. The accurate
estimation of attitude is vital for determining the coordinates of each point in the point cloud.
Therefore, low attitu@ accuracy would indicate low quality of the point cloud. The accuracy
is measured in arcminutes, which is a measure of angular error, rather than linear error. The
higher heading error seen towards the beginning and end of the graph represents when the
LiAirV was stationary on the ground, so is not a significant cause of concern.

Attitude Accuracy(arcmin)

Figure 5, Estimated Attitude Accuracy Plot
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6. Positional Accuracy

The positional accuracy plot shows theiggited accuracy of the positioning of the rover
throughout the flight in metres. The estimates are divided into error in the east axis, the north
axis and in height. This does not provide the final accuracy of the point cloud, as this is also
influenced bylaser ranging error, IMU error etc. However, it indicates whether any high error

in the point cloud is sourced from low positional accuracy.

Figure 6. Estimated Position Accuracy Plot
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7. Velocity accuracy

Similar to the positional accuracy plot, this plots the accuracy o éhecity estimate of the
rover during the flight in metres per second (m/s), for east, north and in height, e.g., the
estimated error from the true velocity in m/s.

Figure 7. Estimated Velocity Accuracy Plot
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8. Position Seperator

Figure 8. Position Separator Plot
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9. Attitude Seperator

10. Height profile

The height profile simply shows the height of the rover during the flight. Fimnbte wait

before and after the flight are clearly visible (this would be a good independent check). The
KSAIKG A& GFINAIFIoOfS RdzNARyYy3A (efbedby used) Mhbvelthda G KS
ground, so adjusts its ellipsoidal height depending on the terrain. The height is presented as
ellipsoidal height in reference to WGS84.
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