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FLYABILITY 1- Overview

| Overview

1.1 Inspector

Inspector is the official Flyability software used to analyze the inspection footage gathered by the ELIOS1and
ELIOS 2 drones.

Flyability drones save the flight data in different locations.

e The videos and still images are saved on the CAM SD card. A new video is created every flight, and
when filming in 4K video, several videos can be created for one flight.

e The thermal camera data and flight altitude/direction are saved on the LOG SD card. A log file is
created when a battery is connected and continues recording until it is disconnected.

Inspector can download data from the drone, automatically matching log files to their corresponding videos,
splicing the videos for one flight together, and saves the data into a project folder on your PC. During post
processing, Inspector allows for frame by frame video analysis, viewing the Thermal Camera data, making

distance measurements, annotating points of interest, and exporting inspection reports.

1.2 Mapping

Inspector 3.0 has a mapping feature which uses Visual Inertial Odometry (VIO) to recreate 3D models of the
flight environment based on video and avionics (gyroscope and accelerometer) data. This feature is

compatible with Elios 2 only.

The output of the process is a sparse3D point cloud and the trajectory, linked with the drone footage

O (D) 1> P e
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FLYABILITY 2 — Installation

2 Installation

2.1 System requirements

Inspector requires a 64-bit machine running Windows 7 or newer.

The mapping feature requires Windows 10 Pro (2004+) or Windows 10 Home (1904+). It also requires Docker,
a 3rd party Linux emulator. The mapping feature also has high computational requirements and needs at
least 8GB of RAM to run reliably.

2.2 Installing Inspector

Inspector 3.0 is distributed as a standard executable installer (.exe), available on flyability.com. For now, it is

limited to a public beta release and requires registration.

Run the installer and follow the instructions displayed. The mapping feature is included and automatically

installed with the beta test release of Inspector 3.0.

2.5 Installing Docker (required for Mapping)

Docker requires Windows 10 Pro (2004+) or Windows 10 Home (1904+). Make sure your Windows OS is up to
date. You can go to [Windows settings > System > About] to verify the version. Use the Windows 10 Update

Assistant to update your system if necessary.

< Settings - [m] X

@ Home About

| s |

System

Windows specifications

3 Display Edition Windows 10 Pro
Version 0
4) Sound Installed on 07/09/2020
OS build
[J Notifications & actions Serial number
Experience vs Feature Experience Pack 120.2212.31.0
2 Focus assist Change the product key or upgrade your edition of Windows

; Read the Microsoft Services Agreement that applies to our services
O  Power & sleep

Read the Microsoft Software Licence Terms
O3 Battery

= Storage

3 Tablet Support

B Multi-taski Manufacturer Lenovo
i Multi-tasking
Website Online support

&) Projecting to this PC

Related settings

Next, make sure that Virtualization is enabled in your BIOS. Restart your computer, enter the BIOS setup
menu and enable virtualization. Typically, accessing the BIOS setup menu requires you to press a specific key
during computer startup, but this procedure varies frormn one manufacturer to the next. Consult you
computers manual for more information about the BIOS setup menu.
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FLYABILITY 2 — Installation

You can check the performance tab in the task manager (Ctrl+Shift+Esc) to verify that virtualization has been

successfully enabled.

fiptio Setup Utility - Copyright (C) 2005-2008 American Megatrends. Inc.

Processor Configuration

Intel (R) Uirtualization Technology  [Disabled]

Intel® Virtuwalization
Technology allows a platforn to
run nultiple operating systems
and applications in independent
partitions.

Note: A change to this option
requires the susten to be
povered off and then back on
before the setting will take
effect.

Intel (R) Virtualization Technology
Enabled

Select Screen
Select Ttem

1 Task Manager
File Options  View

Processes Performance App history Startup Users Details Semvices

W E;%USZB GHz C PU

Intel(R) Core(TM) i7-7500U CPU @ 2.70GHz

100%

% Utilization over 60 seconds
Memory
11.2/159 GB (70%)
Disk 0 (G: C)
SSD
1%

A s ATl At Sl

Disk 1 (E) /\/\/\JW/\/\AW\
Removable
0%

bl And)

] WiFi
“ WicFi
S: 648 R: 200 Kbps

Change Ualue Utilization ~ Speed Base speed: 280 GHz
r Select Field e . 58% 3.20 GHz imety 12
. ernef ores:
T A L e
Save and Exit > O 0Kops 351 4048 164053 Viulsmtion  Ensbled
i L1 cache: 128KE
Exit Ethernet Up time e e
vEthernet (WSL) -
50 R 0 Kbps 7:01:00:19 13 cache: 40MB

v

() Fewerdetails | () Open Resource Monitor

Uersion 1.20.1093 Copyright (C) 2005-2008 Anmerican Megatrends, Inc.

You are now ready to download and install Docker Desktop, this software is available free of charge on
docker.com/products/docker-desktop

Launch the installer and follow the installation instructions. If prompted, keep "Enable WSL 2 Windows
Features" enabled.

o Installing Docker Desktop 2.3.0.4 (46911)

Configuration

Enable WSL 2 Windows Features
Add shortcut to desktop

Restart when asked

After restart, this warning might pop up.

© Docker Desktop - Install WSL 2 kernel update
WSL 2 installation is incomplete.

The WSL 2 Linux kernel is now installed using a separate MSI update package.
Please click the link and follow the instructions to install the kernel update:
https://aka.ms/wsl2kernel.

Press Restart after installing the Linux kernel.

Restart Cancel

Proceed with the installation of WSL2. This Microsoft support page will explain how to install and activate WSL

2. If you did not receive the error, you can skip this step.

In Docker's settings > General, make sure "Use the WSL 2 based engine" is enabled
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FLYABILITY 2 — Installation
Settings X

| = General General

Adjust how Docker Desktop behaves according to your preferences.
I@ Resources

& Docker Engine [ start Docker Desktop when you log in

> Command Line Automatically check for updates
Kubernetes [ Eexpose daemon on tcp://localhost:2375 without TLS

Exposing daemon on TCP without TLS hel
vulnerable to remote code execution an

ents connect to the daemon. It also makes yourself

th caution.

Use the WSL 2 based engine

WSL 2 provides bemter performance than the r-V backend. Learn more.

O send usage statistics
Send error repo

starts, stops, re:

m version and language as well as Docker Desktop lifecycle information (e.g.

Discover experimental features. Switch to the Edge version.

Docker is now installed and configured. You can now use the mapping feature on Inspector 3.0.

Don't show again

This warning might pop up while running Docker, but it can be ignored.

2.4 Drone Firmware

The Mapping feature is only compatible with flight data recorded by an Elios 2 drone with the latest firmware

(V1.4). Be sure to update your drone firmware and tablet cockpit app to the latest versions.
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FLYABILITY 3 —Import Screen

3 lmMmport Screen

Qinspector  IMPORT FLIGHTS

A HOME
T, IMPORT

929silos (5] no1]
928 silos [4] [o3:18]

927silos [3] [00:00]

926-silos [2] [08:30] 21114, 38 GE ios 2

925-silos [1] [0:35]

92415t floor [9] [08:43]
92315t floor [8] [06:58]
92215t floor [7] [03:24]

. 92115t floor [6] o710l
[l NOTIFICATION

— e

P
o N FLYABILITY

DESTINATION
Specifies the location on your computer to where the flight data will be imported. Default is
documents/Inspector.

LOG FILES LOCATION
The path to the log files of the flight you wish to import. If an Elios 2 is connected via USB-C then this
will automatically read from the LOG SD card.

VIDEO FILES LOCATION
The path to the video files of the flight you wish to import. If an Elios 2 is connected via USB-C then
this will automatically read from the Camera SD card.

SEARCH FLIGHTS
List all the flights from the specified directories, SD cards, or a connected Elios 2 drone. Inspector
automatically matches videos and log files. They must be imported and saved as a project locally
before viewing.
All flights found will be displayed in a list, ordered by mission name and flight number.

IMPORT
Click this button to import an individual flight. This will create a flight project folder in the specified
destination, containing the following data:

The Video file (mov format)

Still images of POI's taken in flight (jpeg format)

The Inspector Project file (.efly)

The Drone's inertial and visual sensor data ((LOG)

The thermal camera data, later converted to a video file (thm and .mp4)

OO W

IMPORT SELECTED FLIGHTS
Batch import several flights by checking the boxes on the left and clicking on ‘import selected flights.
The progress can be displayed by clicking the progress icon on the left-hand side.
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FLYABILITY 4 —Home screen

@ PROGRESS Importing 4 flight(s)
£ NOTIFICATION

66% Cancel

¢ SETTINGS

4 Settings

Core seftings

@JNSPECTOR

Graphics

A HOME
1, IMPORT

[l NOTIFICATION
£ SETTINGS

—
\p FLYABILITY

CORE SETTINGS

—  File import folder: Allows you to set the default import folder when importing new flights.

- Unit system: Change the unit system in which flight data is displayed.
GRAPHICS

— Palette:inspector comes in a light and a dark color palette; choose whichever one best matches your

mood.

5 About

Click the Flyability icon in the bottom left corner to review the License Agreement.
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S Home screen

QinspecTor  RECENT FLIGHTS

A HOME
1, IMPORT
g= 8

Bluefactory 02 test datamap [
898-Coldeneye (8] 197 | | S69-siko up and down lost signa (5]

it

Blustactory 10033) | | test datamap. 109 ¢ & talz boiza
895-Coldeneye (6] [§[] | | 367sto up and down map (4] 9 78-220m LB16]

Ralz botza
383-4ast flign to bind 0]

() NOTIFICATION
& SETTINGS

i L
L FLvABILITY E\

RECENT FLIGHTS
The home screen displays a list of projects which have been recently opened or imported. If you have
not imported or opened any projects yet, it displays the Flyability news feed.

OPEN FLIGHT
If the flight you are looking for is not shown in the list, then you can use this button to browse for it on
your computer.
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7 — Preview Screen

"/ Preview Screen

To open a flight, click on its thumbnail in the Home Screen, use the ‘open flight' browser, or double click the

efly project file.

— '923-1ST FLOOR [8]

CZJINSPECTOR

penthalaz
# HOME 1151
T, IMPORT ) —

/1 NOTIFICATION
£ SETTINGS

——
= FLvaBILITY

" FLIGHTS

i 1st floor ¢

20 11:51

POI-2

e b

On the preview screen you will see a preview of the 3D map (this will not be generated the first time you open

a new project), and a preview of the points of interest.

The mission and flight name will appear if they were filled in on the tablet before the flight. You can edit them

here by double clicking on them.

Continue to review the video by clicking on the thumbnail under ‘FLIGHTS'. You can always return to the

preview screen by clicking the E icon at the top of the screen.

INSPECTOR USER MANUAL
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FLYABILITY 8 — Flight Screen

8 Flight Screen

— 923-1ST FLOOR [8]

VIO MAPPING

1D PP speed < 1,00x > (\_/L_

ul:ull),uw
PG

7"’4 |\

il
POI4  Pipe Sector 7G

The flight screen shows the flight video, along with the Points of Interest (POIs) in the timeline at the bottom.

The data and controls overlaying the video image can be toggled on and off by clicking the video area.

1 VIDEO CONTROLS
Play or pause the video (Space bar)
Move to the previous / next frame (arrow left/right)
Move to the beginning / end of the flight
Set the playback speed

2 POINT OF INTEREST CONTROLS

Add a PO

)
\/%

Export the flight report

Restore original POls from flight

3 ZOOM CONTROL
Zoom in during playback

4 ALTITUDE AND ORIENTATION
Displays the altitude and orientation of the drone as shown on the cockpit display during flight.

5 IMAGE SETTINGS
Clicking on the IR camera icon expands a menu, allowing the thermal camera video to be toggled on
and off, in semitransparent mode or in full screen. Use the arrows to adjust the position of the video to
correct for small differences in camera alignment.
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FLYABILITY 9 - 3D Model Window

6 CAMERATILT ANGLE AND DISTANCE MEASUREMENT
Displays the camera pitch angle and distance to the object in view, as shown on the cockpit display
during flight.

7 MAP FLIGHT BUTTON
Pressing this button will start the mapping process for the current flight. Depending on your
computer, this might take up to 45 minutes for a 10-minute flight. The progress is displayed by
clicking the icon in the progress menu. Typically, the entire flight can be mapped, but a specific
interval can be specified by editing the start time and stop time fields.

9 3D Model Window

= 923-1STFLOOR[8] E = Bl

Top [Front Si 0 E : . L3 T Delete

= 7 [

06:00.00
R TR

When the mapping process is completed, the 3D model of the flight area will appear in an extra window next

to the video. You can navigate this view with your keyboard and mouse:

Zoom in and out: mouse wheel or W and S
Move sideways: press mouse wheel or A and D
Rotate around point: press right mouse button

The current position in the video is represented in the model by a white icon which indicates the position and

field of view of the drone. The POl's are likewise represented by green icons.
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FLYABILITY 10 - Managing Points of Interest

10 Managing Points of Interest

Points of Interest can be created during flight by pressing the POI button on the controller. They can also be

created later in Inspector by clicking the fj)+ button.

POls can be annotated for reporting purposes. Clicking on a POI in the video timeline opens the POI edit

menu.

OO0

i

1. ANNOTATE POI
POls can be annotated with a name, comments and tags. The criticality level can also be indicated.
These annotations will be included in the inspection report automatically.
Name

Pressure gauge

Medium = High Critica

Water Circuit

2. THERMAL CAMERA MENU
This allows you to show the thermal camera images over the video images. The settings changed
here will only affect the current POI.

3. RGB CAMERA MENU
This allows you to modify brightness and contrast of the image. The settings changed here will only
affect the current POI.

4. UNDISTORT
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FLYABILITY 10 - Managing Points of Interest

SRICINAL IMacSE - DISTOROED UMDIST> RDED

[ | pomderof disphved inaged
Due to the fish-eye effect of the optical camera, the image is distorted. Meaning, the straight lines are
bent. In a POI the image can be undistorted or flattened. As the transformation stretches the image,
the resulting frame displayed is slightly cropped.

5. ADD PLACEMARK
Specific areas on the image can be highlighted with placemarks. Click and drag to move an existing
placemark, double click to edit the name or delete it.

6. ADD LINE
Specific areas on the image can be highlighted with lines. Click and drag to move an existing line,
double click to edit the name or delete it.

Console Width
32332 mm

Fire Alarm

: 7
Console Height 2
295 +30 mm

7. ADD MEASUREMENT
This feature uses information from the distance measurement sensor on the drone to make
measurements using pixel calibration and triangulation. The measurement needs to be made on a
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FLYABILITY 10 - Flying tips for Mapping

flat surface perpendicular to the camera’s optical axis. The accuracy of the measurement is +10% of
the measured length with a maximum of +5mm accuracy.

The 2D measurement result is displayed on the frame with its estimated accuracy.

The button is greyed out in case of unreliable camera distance data.

EXPECTED MEASUREMENT
— ELIOS 2 MEASUREMENT
[ ] REAL SURFACE
[ ] ELIOS 2 PROJECTED SURFACE
————— CAMERA DISTANCE SENSOR AXIS

0 THE USER MUST ASSESS IF THE MEASUREMENT MAKES SENSE BY UNDERSTANDING ITS
LIMITATIONS. FLYABILITY DOES NOT GUARANTEE ITS ACCURACY.

8. GET BACKTO VIDEO
Clicking this will exit the POl screen and return to the video. This can also be accomplished by clicking

on another part of the timeline.

9. DELETE POI
Click and hold, then click again to delete the current POl and all its annotations. This cannot be

undone.
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11 Flying tips for Mapping

1.1 Takeoff and landing - Loop closure

j. %
1 J
el

(a) (b)
ELIOS 2 must land close to the take-off position. While landing, the drone should face the same direction as
during take-off. The software should recognize the similarity in the video images and snap closed the flight
path, reducing position errors that may have accumulated during the flight.

Try to close the loop in several places during the flight by retracing the same path, while looking in the same

direction.

For example, in tunnels this can be used to match outbound and inbound trajectories, reducing the
probability of them appearing as double features in your model. You can also do a 360 degree turn before

and after entering a manhole to reduce the chances of losing track while entering or exiting.

The image above shows a model with a ‘double feature’ error caused by improper loop closure.

1.2 Image Quality

The software tracks visual features on the video images to estimate the velocity and direction of travel. It is
important that the image is properly lit at all times. Also, it is easier to track features close to the drone than

far away. Try to keep high texture surfaces between 30cm to 5m from the drone at all times.
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11.3 Cage

When looking too far up or down, the cage will block part of the field of view of the camera. This obstruction

reduces the capability of the software to track visual features. Prefer flying with the “Cage free view” enabled
or in “Photogrammetry mode”. In no case should the camera be tilted below -30°.

11.4 Collisions

Collisions should be avoided as much as possible. Strong collisions will simultaneously saturate the IMU and

create motion blur on the images.

12 Accuracy

The Accuracy of the model depends on the flying style, flight path and the environment. Typically, the
accuracy is within 10% of the length of the flight path, but it can change from one flight to the next.

The image above compares the point clouds created by Inspector 3.0 from two separate flights (orange and
blue) compared to measurements of a handheld SLAM lidar (white). It shows how errors can accumulate,

especially in long linear environments.

In this side view the Lidar point cloud seems to slightly pitch down, while the VIO point cloud does not. At the

end of the tunnel (54m from take-off location) the error is about Tm or 2%. This error is mainly on the vertical

axis
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This top view of the blue point cloud shows the extent of the deformation in the model. The error is 238m
(4.4% of the gallery length)
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13 Exporting data

13.1 Export and Inspection Report

Inspector can generate a Microsoft Word document with detailed pages for each point of interest.
A report includes the following information:

- Cover page with flight name and date

- One page per point of interest with image and properties of that point of interest, including
measurements, lines or markers.

To export an inspection report, click on the Export Flight Report button.

13.2 Export the Point cloud of the 3D model

A .pcd format point cloud is automatically generated in the ‘vio' subfolder in the flight folder. The flight folder

can be opened by right clicking a flight in the home screen and clicking ‘open explorer here'.

The ‘vio' subfolder will contain the following files.

opti_map_1
raw_map_1
i imu.csv
Ij log.txt
Ij pointcloud_1.pcd
Ij trajectory_1.traj

1. Pointcloud_x.pcd: Point cloud file
2. Trajectory_x.traj: trajectory file
3. Log.txt: Information about the processing

13.3 Export multiple frames for photogrammetry

This feature is not yet available in Inspector version 3.0 Beta.
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14 Limitations

FEATURES MISSING FROM INSPECTOR 2.2

Flight preview

—  Frame export for photogrammetry

—  Edit position of POl on video timeline

-~  Save frame / Copy frame to clipboard

— Importation of .efly projects created with previous version of Inspector.
— Dataset gathered with ELIOS 2 FW prior 1.4 might not work

—  Elios 1 Compatibility

KNOWN ISSUES:

— Incorrect undistort for POl taken during the flight

-  Mapping feedback stalling at 50% -- between tracking and optimization phase. Up to 10 min. If your

computer is making noise, it means processing is still ongoing.
—  SDI (low guality video transmission) recorded flights are not time and space synced properly

— If multiple trajectories are outputted from a single flight, it is not possible to re-align them.
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15 Troubleshooting

To help us debug issues, please provide:

4. Step toreproduce

5. Dataset

6. vio/backend.log, vio/frontend.log, vio/docker.log

7. Corresponding inspector log located in %appdata%\.\Local\Flyability\Inspector\

15 Flight mapping is stuck at 0% for a couple of minutes

If it is the first time you are processing a flight, Docker needs to download the processing engine. This can

take up to 30min.

15.2 Mapping failed error

Y HISTORY @ 11:29:29 Flight Mapping Flight mapping failed.

VIO single flight mapping

@ 11:28:41 Flight Mapping Flight mapping failed. I

Docker needs to be running in the background. Launch Docker and try again.

15.3 Docker does not have access to your folder

You need to allow Docker to access your flight folder through the pop-up below:

A

Share it Cancel

If your computer is in Do not disturb mode, the notification will not be shown. You will have to click on the
Notification center on the right side of your taskbar to access the pop-up and enable the access to the folder.

In the Docker settings, you can enable the access to a root folder and its subfolders to not have to grant
further access.
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