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2 Document change log

Version 1.5.1

- September 15, 2015: Added FMS generic operations with line keys and scratchpad.

- September 15, 2015: Added that aerodynamics need to be considered when attaching the sensor
device.

- March 23, 2016: Corrected, revised and restructured



3 Disclaimer

While FlightZoomer offers fantastic features, the following operations rules must be strictly followed:

The FlightZoomer system is intended for hobby usage only.

Be familiar with the operation of RC aircraft having 1kg flying weight or more.

Use FlightZoomer only aboard a proven configuration of RC equipment, airframe, flight controller,
motors, propeller, battery and ESCs.

Operate FlightZoomer strictly within the safety boundaries of any other onboard components.
Operate FlightZoomer strictly within the boundaries of any local regulatory statute.

Fully respect any disclaimer and safety note which is associated with any other onboard or
controlling component, such as RC radio and equipment, telemetry radios, autopilots

4  FlightZoomer in a nutshell

4.1 What can you do with FlightZoomer?

FlightZoomer is a smartphone-based system which can be used to navigate, track, control and record the
flight of remote controlled model aircraft, especially fixed wing planes and multicopters. A special emphasis
is laid on the implementation of the systems, pilot control interface and procedures of a real airliner

cockpit.

FlightZoomer is supplementary to an existing setup consisting of an RC aircraft (which can be a multicopter
or an airplane), a flight controller and an RC transmitter. The smartphone therefore operates as a
companion computer to the flight controller and autopilot, such as a Pixhawk.

There are many use cases covered with the first version of FlightZoomer:

Transmission of sensor data from an onboard smartphone to a ground-based smartphone
groundstation via cellular network: so your control and telemetry range is virtually unlimited!

The source of flight sensor data preferably is the flight controller (connected via MAVLink): Get the
highest available accuracy!

The phone offers an additional motion sensor set which can be used (though by far not as
accurate): Get a fully redundant second sensor stack!

Provide a display to the pilot showing the position of the aircraft on a moving map: so you can
navigate, guide, track and even locate lost copters!

Display speed, altitude and attitude to the pilot: so you get the information like in a real cockpit!
Allows the pilot to navigate the aircraft based on self-created flightplans: prepare, plan and execute
routes like real pilots do (according to instrument flight rules)!

Even scale RC aircraft just look visually like their originals but are flown with control systems that
bare no similarity with their real world counterparts: operate your RC aircraft using an avionics
suite user interface (Ul) that reproduces the cockpit of the Boeing 787 Dreamliner!

Synthetic voice to guide the pilot along the flightplan: experience guidance from a simulated co-
pilot!

Enables navigation based on a simulation of standard radio navigation aids: create your own
airspace with airports and NAVAIDS!



Instrument Landing System (ILS) offering the full set of real world instruments including the
beeping at the outer, middle and inner markers: capture and follow the glideslope performing
precision approaches with your RC aircraft!

Let the camera of the onboard device record images or videos of the flight: put that smartphone
camera to work!

Provide extensive flight telemetry/logging capabilities: dig into structured data for post flight
analysis and email to your instructor/mentor...or make available to a governing agency

Flight replay feature: show your friends at any time, how your cockpit looked during a flight!
Flight simulation feature: induce simulated flight movements (altitude, course, speed and vertical
speed) to explore the capabilities of the groundstation in your living room!

Testpilot feature: let the system automatically measure some of the required flight performance
parameters!

4.2 System overview

The following diagram shows FlightZoomer’s control loop over all interfaced subsystems:

@ '.. Multicopter or another aircraft with a flight controller

Mounted on the multicopter or airplane: the sensor device
[smartphone] running the FlightZoomer Sensorics-app.

T A Windows computer at home (with internet connection),
where the FlightZoomer Relay Server application runs.

G
é/x Another smartphone running the FlightZoomer

4 Groundstation-app
¢ You as a pilot of the RC aircraft!

1 And, last but not least, a RC transmitter for

- controlling the aircraft

FlightZoomer consists of three components:

1.

The FlightZoomer Sensorics device. This is a Windows Phone® device, mounted on a RC aircraft. It
is connected over Bluetooth to the MAVLink communications of the flight controller. The device
must have a cellular data connection (EDGE, 3G, 4G or LTE), which is critical to enable the
communications path from onboard the aircraft over cellular data network to the internet.



2. Therelay server. This is a PC at home (or alternatively in the cloud with a service provider such as
MS Azure) on which the FlightZoomer Relay Server application runs. The relay server connects the
FlightZoomer Sensorics and the FlightZoomer Groundstation devices over the Internet.

3. The FlightZoomer Groundstation device. This is also a Windows Phone® device, which is used as
display and touchscreen interface for the pilot.

The principle is very simple: Overall FlightZoomer is a pure software solution that fully relies on off-the-
shelf hardware.

Regarding the FlightZoomer Sensorics app: This app runs on the aforementioned smartphone “Sensorics”
device. The app receives all flight parameters in real time from the flight controller via the MAVLink
interface and transmits flight parameters or “telemetry” via cellular network to the Relay server, which
then forwards the data in near real time to a second smartphone device, which runs the FlightZoomer
Groundstation app and acts as a groundstation.



4.3 The apps

The flowing Figures show the main user interfaces of the three apps that constitute FlightZoomer.
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FIGURE 5.2 FLIGHTZOOMER CONSISTS OF, FROM TOP TO BOTTOM; THE SENSORICS APP, THE RELAY SERVER AND THE

GROUNDS STATION APP.
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5

5 Functional aspects

5.1 System requirements

- FlightZoomer is a sole software solution which currently runs on Windows Phone® 8.1 (the apps)
and Windows 7 or higher (the relay server).

- The devices on which the software runs are off-the-shelf devices.

- The typical latency of FlightZoomer’s control loop is not bad (0.03 to 0.13 seconds, on average
about 0.08 seconds) but...

- Occasional latency spikes prohibit controlling the RC aircraft without additional stabilization. Thus
the RC aircraft must be equipped with a MAVLink based flight controller (APM, Pixhawk,
AUAV X2,...). The flight controller must offer predictable and reliable flight characteristics.

- The onboard device can be mounted on the aircraft in any attitude that is suitable for safe carriage,
either internal or external (there is a geometry capturing sequence to measure and calibrate the
actual attitude).
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5.2 Operations scenarios

There are many operations scenarios which serve different purposes and use cases.

5.2.1 Normal operation

During normal operation the sensor device transmits flight sensor (compass, IMU etc) and location data to
the relay server. The data is then forwarded to the groundstation.

In the opposite direction certain commands can be sent from the groundstation to the sensor device and
on to the aircraft.

The aircraft flight sensor and location data are automatically written into a flight-logfile on the relay server
as soon as the sensoric system switches to flight locked (armed) mode (see chapter 5.4).

5.2.2 Normal operation, multiple groundstations

e ——

| ———

Supplementary to the normal operation scenario, additional groundstations can connect to the relay
server. This allows observing flights from multiple devices. So you can virtually fly your wife or your friends
while piloting your RC aircraft! Regardless where they are on the world! Another safety feature of multiple
ground stations enables airspace control authority to log-in to your server, with permission, and watch your
flight mission progress, knowing were your unmanned aircraft is in relation to manned aircraft.
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5.2.3 Replay file operation

sl _ferg

Ground-

Sensor device station

The flight logfiles, which were recorded while flying, can be used later to replay the flight in real time. This
allows repeating earlier flights for analysis, training or demonstration purposes.

5.2.4 Simulated operations
®
<ol
(O)

Sensor device

Ground-
station

Beside the option to replay logfiles from earlier flights, the flight parameters (location, speed, course and
altitude) can also be generated directly by providing these parameters on the relay server GUI. This enables
injection of events to simulate very precise flight movements; again for training purposes and system

familiarization.
5.2.5 Simulated operation, with joystick

sl _ferg

Ground-
station

Sensor device

The input for the flight simulation can also come from a standard joystick, which is connected to the relay
server. This enables training and inspection of the features of the groundstation that is nearly as realistic as

flying with the real model.
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5.2.6 Live position

The last operations scenario enables observation and tracking of the sensor device position directly on the
relay server. Again, a feature for those who stayed at home to monitor flight progress. Technically, this
capability feature can be used as a secondary aircraft flight telemetry data stream albeit using the sensoric
device onboard IMU and GPS as the source instead of the aircrafts sensors.

5.3 Network connectivity

5.3.1 Principle

Between both apps and the relay server, bi-directional UDP connections are established. While the relay
server is just listening for (and responding to) incoming messages, the two apps need to initiate the
communication.

The user therefore needs to provide UDP connectivity between the phones and the PC where the relay
server runs. This might involve usage of DSN services, firewall configuration and port forwarding
configuration. How this is actually being done is described in chapter 6.2.

The backward channel from the relay server to the smartphone apps does not need to be configured,
because the relay server just responds to the sender of the incoming messages.

The UDP port number on which the relay server is listening for incoming messages is statically configured
with 57778. Both phones connect to this port and are differentiated by the relay server based on their
respective endpoint.

5.3.2 Control over the preferred network

5.3.2.1 FlightZoomer Sensorics-app

The FlightZoomer Sensorics-app enables selection of the preferred connectivity path, whether via cellular
or WIFI network interfaces (switching on the connection either with the app’s CELLULAR or the WIFI
button).

Setting the network preference just means that the operating system will pick the preferred network
interface type if more than one are available. Without preference the operating system would just pick the
best available network. And if only one network is available, the device will establish connectivity using that
network interface in all cases. Independent of the selected network interface, the FlightZoomer Sensorics
app will display which network type is being used.
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While flying, cellular network connectivity should be selected as preference. The WIFI option on the other
hand allows setting up local communication between the sensor device and the relay server at home
without burdening the mobile data plan. This can be used for testing purposes and to download videos
from the device (if FlightZoomer Sensorics is used to record videos, the only way to download them is the
built-in download functionality).

5.3.2.2 FlightZoomer Groundstation-app

The FlightZoomer Groundstation-app will always automatically connect to the relay server with cellular
network preference. There is no option to choose the network type preference. The assumption is that the
Groundstation is “mobile” outside of WiFi coverage where the pilot is controlling the aircraft flight.

5.4 State Models

The whole system has three end-to-end modes:

- Idle
- Connected
- Flight Lock

These three modes reflect the state of the communication between the FlightZoomer components. In all
three modes the source of the transmitted sensor data can either be the MAVLink, the phone’s sensors or
both.

Idle-mode:
The app on either smartphone has been started but not yet connected to the relay server.

Connected-mode:

The connection from either of the smartphones to the relay server has been established. In this state all the
sensor data is forwarded from the sensor device to the groundstation device. Flight preparations are best
accomplished in connected mode.

Flight Lock-mode:

Once flight preparation is complete, and immediately before taking off, the devices need to be switched
into the Flight Lock-mode. This prevents further user input on the touchscreen of the FlightZoomer
Sensorics device and starts recording the flight data on the relay server. In addition, the camera starts
recording a video or taking images, see section 7.1.9).

If the sensor device is mated with the flight controller (which is typically the case) the Flight Lock-mode
goes along with the armed state of the aircraft’s throttle. These two states are kept in sync automatically in
both directions:

- Whenever the flight controller is brought into armed state (e.g. via RC transmitter), the
FlightZoomer Sensorics-app detects it and switches automatically into the Flight Lock-mode.

Likewise, if FlightZoomer is brought into the Flight Lock-mode (e.g. using the respective button on the
groundstation), the flight controller is thereby commanded to switch into armed state.
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5.5 Sensor data via MAVLink

The onboard FlightZoomer Sensorics app offers two sources for sensor data:

From the flight controller via a MAVLink connection
From the phone’s own sensors

Up to FlightZoomer 1.5 only the phones sensors were considered, which led to rather large errors and
unreliable accuracy (sometimes good enough, sometimes insufficient, especially the GPS). With
FlightZoomer 1.5 a Bluetooth interface was incorporated to easily mate a MAVLink capable flight controller
with the onboard smartphone.

With that setup the following data source options/priorities are supported:

Data source priority Description

Phone always Mode if no MAVLink connection is available (e.g. low tech devices, flight
controller does not support it).

Weighted priority Reserved for future use; currently not implemented. This mode is
intended to blend the two sources based on estimated errors per
parameter including the ever increasing error due to passed time since
the last data was received (reward the source with more frequent

updates).
Flight controller unless Clear preference for MAVLink, unless the MAVLink stops providing fresh
failed data (e.g. due to technical outages in the Bluetooth connection). This is

the recommended option.

Flight controller always Never mind the phone and its sensor stack. If the Bluetooth proves to
be trustworthy enough, the phone’s sensors can be ignored altogether.

As explained in section 1 the accuracy of flight controller sourced data generally is excellent and should be
preferred whenever possible. Using FlightZoomer without MAVLink is not impossible but seriously restricts
the usability of the system.

5.5.1 MAVLink requirements

FlightZoomer is using a number of MAVLink packets to extract relevant sensor data. These can be
broadcasted from the flight controller to the onboard smartphone via Bluetooth using preconfigured
streams.
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The following table shows the required streams, the relevant packets and the recommended rate to
transmit them (per second):

Stream Recommended Contained packets/ Used by
rate per second used packets FlightZoomer

10x - RAW_IMU X
- SCALED_IMU2
- SCALED_PRESSURE
- SENSOR_OFFSETS
EXT_STAT 1x - SYS_STATUS X
- MEMINFO
- MISSION_CURRENT X
- NAV_CONTROLLER_OUTPUT
- POWER_STATUS
> ,
5x X
g :
- SIMSTATE (SITL)

Using a baud rate of 57600 easily supports the recommended packet rate. Using the default baud rate of
9600 of an out-of-the-box HC-06 Bluetooth device however would not support the aforementioned
frequencies.

5.6 Navigation data

FlightZoomer emulates the structure and elements of a real air space. There is a navigation database,
consisting of navigation aids (radio beacons), airports and runways, which can freely be defined wherever
you like.

Navigation data is used to fly the RC model in a controlled manner. There are a number of possibilities:
capture simulated radials of radio beacons, follow glideslopes of a simulated ILS (Instrument Landing
System) or create flightplans and fly any predefined route at will.

The system does not need real radio equipment to implement these features. A navigation aid is nothing
but a data record, which consists typically of an ID, a location and a frequency. If a simulated navigation
receiver on the groundstation is tuned to the frequency of a navigation aid, the groundstation cockpit
displays will simulate the appearance of the real instruments based on the aircraft location, the navigation
aid location and some other parameters.

FlightZoomer stores the navigation data in a database that is located on the relay server. Any groundstation
which connects to the relay server will automatically download and import a copy of the navigation data.

The creation and modification of navigation data is done with the FlightZoomer Relay Server application.
The application has convenient features for that purpose (see 7.2.7). Creating navigation aids and airports
is one of the preparation steps. With the present version 1.5 it is not possible to add navigation aids
(=waypoints) on the fly during flight operations.



The navigation database consists of text files (ending with *.txt) which are located in the following folder on
the relay server:

What Folder

n Navigation aids C:\ProgramData\FlightZoomer\Navigation.Navaids
n Airports (and runways) C:\ProgramData\FlightZoomer\Navigation.Airports

Navigation data generated within the Relay Server application is stored in two files named navaids.base.txt
and airports.base.txt. Other *.txt files can be added manually in the two folders and will be incorporated
automatically into the navigation database. Due to technical limitations for downloading the files to the
groundstation the total size of all the *.txt-files must not exceed 10kB.

The following diagram shows the navigation data model (with the relationship to a flightplan):

[ FLIGHTZOOMER AIRSPACE ]

has ...
0.*
L 4
( NAVIGATION AID
ID
1..% »| LOCATION
TYPE
FREQUEMNCY
0.*
r
AIRPORT
CODE
2 |——| LocaTiON
ID
FREQUENCY
1..%
r
/ RUNWAY \
LOCATION
ALTITUDE
LEMGTH
DIRECTION
has ... PRIMARY RUNWAY 1D
PRIMARY FREQUENCY
FLIGHTPLAM PRIMARY GLIDESLOPE ANGLE
CRUISE SPEED PRIMARY INTERCEPTION ALTITUDE
CRUISE ALTITUDE REVERSE RUNWAY ID
ORIGIN (-AIRPORT) REVERSE FREQUENCY
DESTINATION (-AIRPORT) REVERSE GLIDESLOPE ANGLE
LIST OF WAYPOINTS “wznsz INTERCEPTION ALTITUDE
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5.6.1 Navigation aid

Navigation aids are points on the landscape, which are used to determine the position of the aircraft and
are also used as waypoints for flight routes.

In controlled airspace (manned) aviation there are three basic types of navigation aids:

1. Non-directional beacon (NDB): The ID for NDBs have three letters. This type of radio beacons is
mostly obsolete nowadays. They operate at low frequencies and don’t provide inherent and
precise directional information. FlightZoomer does not model NDBs.

More information can be found here:
http://en.wikipedia.org/wiki/Non-directional beacon

2. VHF Omnidirectional Range (VOR): The ID for VORs has three letters. VORs are still in use in aviation
today. They offer exact measurements of the radial on which the aircraft is located. A subtype are
VORDMEs which additionally offer a distance measurement. Tuning to a single VORDME enables
unambiguous determination of the current position.

More information can be found here:

http://en.wikipedia.org/wiki/VHF omnidirectional range

3. Fixed geographic coordinates (GPS FIX): The ID for GPS FIXs has five letters. These are fixed
positions which were defined to support airways and flight paths without the need to install ground
based radio beacons. They far outnumber VORs in most airspaces. As they don’t emit any radio
signals they can only be used for aircrafts which can determine their location autonomously. Due to
GPS and other advanced systems this is almost always the case today.

FlightZoomer implements the VOR, VORDME and GPS FIX navigation aid types.

A navigation aid has the following properties:

Element Purpose

ID The ID identifies a certain navigation aid and needs to be distinct within
the whole navigation database. It consists typically of 3 to 5 uppercase
letters (3 letters for VORs and VORDMEs and 5 letters for GPS FIXs).
FlightZoomer does not restrict the character count however so any
desirable ID can be assigned to navigation aids (and thus be displayed on
the navigation display). The ID is mandatory.

LOCATION The location is also mandatory and defines the geographic coordinates. It
consists of longitude and latitude.
TYPE The possible types are VORDME, VOR and GPS FIX. The first would offer

distance measurement and radial capturing, the second only radial
capturing and the third could not be used for radio navigation but only for
flightplans. However, there is currently no different behavior implemented
for each of these, so each type would represent a VORDME (with the small
exception, that leaving away the frequency would emulate a GPS FIX).

FREQUENCY The frequency is used to tune to a certain navigation aid. It also needs to
be distinct within the whole navigation database. The frequency property
is not mandatory and can be left empty. In that case the navigation aid
emulates a GPS FIX and would not be useable for radio navigation. But
frequency can still be used for flightplans.
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5.6.2 Airport

Airports can be placed freely on the landscape. They are needed as origin or destination for flightplans and
can also be used to fly ILS approaches.

Airports are a composite data structure including common properties in their data model as well as a list of
runways, which are described in the next chapter.

An airport typically also has a radio navigation aid. The data model thus has properties for the airport
navigation aid ID and frequency.

In FlightZoomer the code of airports follows the guidelines from the ICAO (although the airport codes you
define will never be visible outside your simulated UAS flight area!). In the real world of manned aviation,
the ICAO defines the airport codes for any airport worldwide. ICAO codes have four letters as opposed to
the IATA codes having three letters. The first or the first and the second letter stand for the country and are
defined statically (see this map ICAO countries prefix map).

An airport has the following properties:

Element Purpose

CODE The CODE identifies a certain airport according to the ICAO scheme and
needs to be distinct within the whole navigation database. It consists of 4
uppercase letters. FlightZoomer does not restrict however the character
count so any desirable name can be assigned as CODE to an airport (and
thus be displayed on the navigation display). The CODE is mandatory.

LOCATION The location is also mandatory and defines the geographic coordinates of
the airport navigation aid. It consists of longitude and latitude.

ID The ID identifies the radio navigation aid which is located on the airport.
The description for ID in the chapter before does apply here as well.

FREQUENCY This property defines the frequency of the navigation aid which is located

on the airport. The description for FREQUENCY in the chapter before does
apply here as well.

5.6.3 Runway

Runways can also be placed freely on the landscape but they need to be assigned to an airport. Runways
support flying ILS approaches.
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An ILS approach is defined by the following parameters (in red):

Recommended
altitude buffer (to be
added to the actual
runway elevation)

Capturing
altitude

Glideslope
angle

Runway

Earth surface

Additional properties not shown in the diagram is

A runway has the following properties:

elevation

MSL

the runway direction.

Element Purpose

The location is mandatory and defines the geographic

coordinates of the center of the runway. It consists of longitude
and latitude.

Altitude of the runway in meter above sea level. It is one

possibility to define the actual altitude of the runway. Due to
the somewhat limited vertical accuracy of the system, it is
recommended however, to define the runway altitude 5...10 m

This would give some safety buffer to safely complete

suboptimal approaches.

LOCATION
ALTITUDE

higher.
LENGTH Length
DIRECTION

of the runway in meters.

Direction (primary) between 0° and 360°. The reverse direction

does not exist as an attribute but is derived from this property.

PRIMARY RUNWAY ID

The ID of a runway is formed by the first two digits of the

direction (e.g. direction = 73° -> ID = 07,

direction = 157° -> ID = 16)

Parallel runways are suffixed with L, R or C:

L for left, R for right and C for center (e.g. 28L and 28R).

PRIMARY FREQUENCY

The next three properties are optional and describe the ILS

approach to the primary runway direction. If the navigation
receiver on the groundstation is tuned to this frequency,
deviations from the ILS glideslope will be indicated on the
primary and navigation displays.

Like the frequency of any navigation aid, each ILS frequency
needs to be distinct within the whole navigation database.

PRIMARY GLIDESLOPE ANGLE

The primary glideslope angle is the vertical angle between
glideslope and the earth surface. While real ILS typically have 3

o

glideslope angles, for multicopters 20° is recommended and for
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PRIMARY INTERCEPTION
ALTITUDE

REVERSE RUNWAY ID

1) REVERSE FREQUENCY

REVERSE GLIDESLOPE ANGLE

"2 REVERSE INTERCEPTION
ALTITUDE

5.7 Units of measurement

fixed wing planes maybe 5°..10°. This property is only required
if a frequency has been specified.

The interception altitude in meters is the altitude at which the
final approach ideally begins. In reality this altitude is 2000" to
3000° above the runway. For FlightZoomer the interception
altitude typically would be defined 50m to 70m above the
runway.

The ID of the reverse runway is formed by the first two digits of
the opposite direction (e.g. direction = 73° ->

opposite direction = 253° -> ID = 25,

direction = 157° -> opposite direction = 337° -> ID = 34).

Parallel runways are differentiated as described under
PRIMARY RUNWAY ID.

The next three properties are also optional and describe the ILS
approach to the reverse runway direction. If the navigation
receiver on the groundstation is tuned to this frequency,
deviations from the ILS glideslope will be indicated on the
primary and navigation displays.

The frequency of the reverse runway ILS must not only be
different than the frequency for the primary direction but also
distinct from any other ILS or navigation aid frequency.

The reverse glideslope angle is the vertical angle between the
reverse glideslope and the earth surface. For details see
PRIMARY GLIDESLOPE ANGLE.

The interception altitude in meter is the altitude, at which the

final approach ideally begins. For details see PRIMARY
INTERCEPTION ALTITUDE.

FlightZoomer is strictly based on Sl units except in the presentation layer of the groundstation. Sl units are
meter and kilogram. The following table shows how units of measurement are used:

Parameters Supported units

(display units on the

groundstation)

FlightZoomer
Sensorics

FlightZoomer
Relay Server

FlightZoomer
Groundstation

Various screens

Screens, logfile
and navigation
data

Various screens

Distances, lengths, altitudes m

Speeds m/s

Angles degree

Distances, lengths, altitudes m

Speeds m/s

Angles degree

Distances, lengths, altitudes m (ft)

Speeds m/s (km/h  nm/h  Mph)
Vertical speeds m/s (ft/s)

Angles degree
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Legend:
m = Meter; m/s = Meter per Seconds; ft = Feet; km/h = kilometer per Hours; nm/h = Nautical Miles per
Hours (= knots); mph = (statute) Miles per Hours.
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5.8 How does it work

A detailed functional description would exceed the reasonable scope of this document. Therefore, the
following diagram depicts the ingredients (technologies/algorithms/formulas), which have been used or
have been under consideration for FlightZoomer:
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6 Installation
6.1 What hardware do you need?
Related to FlightZoomer operations:
Component  Required equipment Specifications Mandatory Recommended
Flian 4oy ae . Windows Phone 8 or - Mobile plan with 3G data X
Sensorics higher device plan
- Supports Bluetooth X
(highly)
- Compass sensor X
Slgdelegss . Windows Phone 8 or - Mobile plan with 3G data X
el il higher device plan
- Support Bluetooth X
- 6” display is preferred X
Slgdeleglse | PCor Server with - Internet connection X
JEEVEas . Windows 7 or - High availability/ unattended X

higher, located at operation
home or
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alternatively in the
cloud

Stabilizing Flight controller;
unit FlightZoomer has
been tested with the
APM/Pixhawk
derivative AUAV X2.
MAVLink Bluetooth

transceiver HC-06 or
compatible (e.g.
from 3DR or Ebay)

bridge

Support stabilized flight X
Ardupilot based
Support fully redundant X

failsafe (e.g. RETURN-TO-
LAUNCH -mode)

Offer MAVLink connectivity
using the APM variety

The UART side must be
compatible with the flight
controller

Not related to FlightZoomer itself you need as a minimum, the following equipment:

X
(highly)
X
(highly)

Component

RC airplane or
multicopter

Radio transmitter
and receiver

Radio system

Required equipment Specifications

Mandatory

Fully equipped in flyable
condition without X
FlightZoomer

Unproblematic handling
Electric propulsion
Possibility to command
constant yaw

Possibility to command
constant pitch

6.2 Prepare the FlightZoomer Relay Server

6.2.1 Shallit runin the cloud or at home?

Recommended

The relay server principally can be operated unattended. For the normal operation scenario (see
chapter 5.2) the relay server needs to be started and that’s it.

There are two possibilities to run the FlightZoomer Relay Server application.

1. On a cloud-based virtual machine

2. Onyour own PC (at home).

25




We recommend using the cloud option because of these advantages:

- You do get a DNS service out of the box. If the relay server runs at home, an extra DNS service
needs to be provided.

- The UDP port forwarding requirement can be implemented in a common and easy way.

- Access on the virtual machine is easily possible from the phone. This means that the relay server
can be accessed from any place (e.g. from the outdoor location where you are flying). This is
normally not needed, but in some cases it could turn out to be advantageous (e.g. if you forgot to
launch the application at home).

Disadvantages of a cloud based relay server would be:

- Thereis a fee for a cloud based virtual machine (VM). There are price models however, which

charge per operating hour, which means that per flight the price would only be some cents.
- Cloud dependency.
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The following lists shows the steps needed to prepare the relay server:

One-time installation steps:

Step
Select a virtual machine provider

Create a virtual machine instance X
Provide DNS capabilities

Configure port forwarding

Install the FlightZoomer Relay Server application X
Open the firewall for the required ports X

X X X X

Recurrent preparation steps:

Step

Start the virtual machine

Access the virtual machine (from a PC and from a smartphone) X
Shutdown the virtual machine after usage X

More details about any of these steps in the following chapters.

6.2.2 Select a virtual machine provider

This step is needed for:

While there are tons of VPS providers in the Internet, it is recommended to run the FlightZoomer

Relay Server application on Microsoft Azure. Other providers often focus on virtual Linux boxes while
FlightZoomer requires a virtual Windows machine. It is paid per usage hours so the fees for FlightZoomer
purposes are really very moderate. The following guidelines describe the usage of an Azure virtual machine.
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6.2.3 Create a virtual machine instance on Microsoft Azure

This step is needed for:

First a Microsoft Azure account needs to be opened. Login into Azure from this page. If you don’t have a
Microsoft account yet, click on signup up now first (but you should already have one if you have set up
your Windows Phone devices properly):

Azure login

After that the following steps are needed:

Step 1: Go to the Management Portal
Here you can see all items that you have created so far...

Now click on VIRTUAL MACHINES on the left hand menu bar

-
Q@| =R https://managewindowsazure.com/¢ © ~ @ ¢ ” 25 Windows Azure X | | Ak

File Edit View Favortes JTools Help

Microsoft Azure | (D <AZURE user ID>

STATUS SUBSCRIPTION LOCATION

VIRTUAL MACHINES o Active Shared by all Standardve...  Europe, United States
0

MOBILE SERVICES
o
CLOUD SERVICES
o

SQL DATABASES
o

STORAGE
0

HDINSIGHT
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Step 2: Virtual machines screen

Here you can create a new virtual machine. Click on the red-marked link to do that:

e@|== i e i a2 () @) ” =22 Virtual machines - Window... | |

File Edit View Favorites Tools Help

€D <AZURE user ID>

Microsoft Azure  ~

virtual machines

INSTANCES IMAGES DISKS

VIRTUAL MACHINGS No virtual machines have been created. To get started, click
Create a virtual machine.

( CREATE A VIRTUAL MACHINE @)

®
[
o
B
i
o

BACNIA CEDANCEC

o New! Manage all your virtual machines in the Azure Preview portal. TRY PREVIEW @ NOT NOW ® DON'T ASK AGAIN ®

+NEW - @

Step 3: Create new virtual machine screen

Here select COMPUTE > VIRTUAL MACHINE > FROM GALLERY

e@| HH https://manage windowsazure.com/¢ O ~ @ & ” 23 Virtual machines - Window... | |

File Edit View Favorites Tools Help

Microsoft Azure | (D <AZURE user ID>

WEB SITE ’ QUICK CREATE

DATA SERVICES VIRTUAL MACHINE " FROM GALLERY
APP SERVICES MOBILE SERVICE

MNETWORK SERVICES CLOUD SERVICE

STORE

CREATE A VIRTUAL MACHINE v

«cloudapp.net
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Step 4: Image selection screen

From the various options choose Windows Server 2008 R2 SP1. It is good enough by far for our purposes:

-
e@‘ 58 hitps,//manage windowsazure.com/¢ O ~ @ & H 28 Virtual machines - Window... % ‘ ‘ AR

File Edit VWiew Favorites Tools Help

CREATE A VIRTUAL MACHINE

Choose an Image \ »

ALL FEATURED z Windows Server
MICROSOFT G 2008 R2 SP1

Windows Server 2012 R2 Datacenter I ‘ .
SHAREPOINT -

SOL SERVER Windows Server Essentials Expenience Windows Server 2008 R2 is a multi-purpose server

BIZTALK SERVER - Windows Server 2012 R2 designed to increase the reliability and flexibility

WINDOWS SERVER

of your server or private cloud infrastructure,
helping you to save time and reduce costs. It
provides you with powerful tools to react to
business needs with greater control and

VISUAL STUDIO
Windows Server 2012 Datacenter
UBUNTU

CENTOS-BASED confidence.

SUSE S Windows Server 2008 R2 SP1
ORACLE 0S FAMILY Windows
=4
PUBLISHER Microsoft Windows Server Group
PUPPET LABS
SharePoint Server 2013 Trial NUMBER OF 1
MY IMAGES :) Windows Server 2012 pisKs
LOCATIONS East AsiaSoutheast Asia;Brazil
South;North E: ‘West
MV DISKS SQL Server 2014 RTM DataWarehousing Eurome apan Exctapan
PUT \findows Server 3012 R2 T T
MSDN
. PRICING INFORMATION
[7] HIDE PRE-RELEASE - SQL Server 2014 RTM Enterprise Pricing varies based on the subscription you select to
e \Windows Server 2012 R2 provision your virtual machine.

Step 5: Configuration screen |

Provide a name for the virtual machine (red box), the machine size (green box) and a user name, for later
login purposes (blue box). Note the specified names for later usage. Also provide a password for the user,

which will be used to login from now on. This user is only created on the new virtual machine:

-
e@‘ﬂi s e en AreErma | 0 — @ H == virtusl machines - Window.. X ‘ oA
File Edit ¥iew Favorites Tools Help
X
CREATE A VIRTUAL MACHINE
Virtual machine configuration
VERSION RELEASE DATE My Windows Server 2008
‘7,/21,'2014 | L. R25P1
Windows Server 2008 R2 is a multi-
WIRTUAL MACHINE NAME purpose server designed to increase the
[Your VM name] rel_iab\\ity and _ﬂexw'bih'ty of your server or
private cloud infrastructure, helping you
= to save time and reduce costs. It
TIER provides you with powerful tools to react
aasic e 0 busmgss needs with greater control
and confidence.
: 05 FAMILY
= Windows
|A2 (2 cores, 3.5 GB memory)) V| PUBLISHER
= Microsoft Windows Server Group
MEW USER NAME NUMBER OF
[Your VM user name] \ | ?‘SKS
LOCATIONS
East Asia;Southeast Asia;Brazil
PRICING INFORMATION
Pricing varies based on the subscription you
select to provision your virtual machine.
€« ) >

A remark regarding the machine size: it is recommended to choose A2 or higher
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Step 6: Configuration screen Il

On this page the public name of the virtual machine (red box) and the UDP port forwarding are specified.
Here the DNS name must be kept ready for later usage. Also select the region which is located the closest

to places you usually fly (yellow box). Also add an endpoint as shown in the blue/green boxes:

GQ )| 28 hitps://mansgewindowsszure.com/t © < @ € ” 22 Virtual machines - Window.. | |

File Edit View Favorites Tools Help

Y |
{1 5.9 593

Virtual machine configuration

CLOUD SERVICE My Windows Server 2008
Create a new cloud service ﬂ - R25P1
e Windows Server 2008 R2 is a multi-
purpose server designed to increase the
[Your VM DNS name] .(Icudapp‘net) reliability and flexibility of your server or
private cloud infrastructure, helping you
[PPSR Y SPR to save time and reduce costs. It
provides you with powerful tools to react
West Eurcpe ﬂ to business needs with greater control
and confidence.
STORAGE ACCOUNT
R ‘OS FAMILY
Use an automatically generated storage accnunﬂ Windows
AVAILABILITY SET PUBLISHER
Microsoft Windows Server Group
(None) ﬂ MUMBER OF
DIsks
ENDPOINTS 1
NAME PROTOCOL PUBLIC PORT __ PRIVATE PORT LOCATIONS
East Asia:Southeast Asia:Brazil
Remote Deskto;/ TCP AUTO 3389 oo e e
powershell TCP 5986 5986 PRICING INFORMATION
Pricing varies based on the subscription you
FlightZoomer uppP ~ 57778 57778| x select to provision your virtual machine.
ENTER OR S ECT A VALUE v

)

The information op this page is all that you need for connecting both the Sensorics- and the
Groundstation-app to the relay server. In both apps you would enter the Network Address on the add relay

server screen acgording to this pattern:

@Your VM DNS name].cloudapp.ne) : {[Public PorD

FLIGHTZOOMER SENSORICS

add relay server

Name

[Define name of relay

Network Address

[Enter URL or IP Address] )

Save Cancel

User hints:

The name of the Relay Server can be
chosen freely by the user. It will be made
available in the dropdown box on the main
page.

The address can be IPv4 or IPv6 or a URL.
Ports need to be separated by a ;' from the
address part.
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Step 7: Configuration screen lll

Here just pick the suggested options and finalize the order with the button on the right hand bottom:

Eile

https://managewindowsazure.com/t © ~ @ & ” == Virtual machines - Window... * | |

-
i 5 £23

Edit

View Favorites Tools Help

CREATE A VIRTUAL MACHINE

Virtual machine configuration

VM AGENT

[ Install the VM Agent

CONFIGURATION EXTEMSIONS

[[] Puppet Enterprise Agent
Published by: :(:!\ Puppet Labs | Learn more | Legal terms

[ chef
Published by: 'g Chef Software, Inc. | Learn more | Legal terms

My Windows Server 2008

. R2sP1

Windows Server 2008 R2 is a multi-
purpose server designad to increase the
reliability and flexibility of your server or
private cloud infrastructure, helping you
to save time and reduce costs. It
provides you with powerful tools to react
to business needs with greater control

. and confidence.
D Custom Script

Published by: = Microsoft | Learn mare | Legal terms 05 FAMILY
Windows
SECURITY EXTEMNSIONS
PUBLISHER
W] Microsoft Antimalware  preview Microsoft Windows Server Group
Published by: M= Microsoft | Learn more | Legal terms NUMBER OF
) X DISKS
Symantec Endpoint Protection 1
Published by: v Symantec | Leam maore | Legal terms
LOCATIONS

Trend Micro Deep Security Agent East Asiz;Southeast Asia;Brazil

Published by: ®1rena Micro | Learn more | Legal terms oo e

PRICING INFORMATION

Pricing varies based on the subscription you
select to provision your virtual machine.

LEGAL TERMS

If any third-party extensions have been selected for installation, | acknowledge that | am getting such
software from the third-party publishers identified above and that such publishers' legal terms and privacy
statements apply to it.

€« ) v

Step 8: Virtual machine screen, creation status

On bottom of this screen you can see the virtual machine creation progress. After creation, the VM will be
running:

°@| 2R https://manage windowsazure.com/( O - @& & |

File Edit Wiew Favorites Tools Help

== Virtual machines - Window... *

Microsoft Azure |~ @ <AZURE user ID>

virtual machines

INSTANCES IMAGES DISKS

MNAME T STATUS SUBSCRIPTION LOCATION DNS MAME el

VIRTUAL MACHINES
1

New! Manage all your virtual machines in the Azure Preview portal.

TRY PREVIEW @ NOT NOW ® DON'T ASK AGAIN ®

Creating the virtual machine...

U fully created storage account for virtual machine

Setting up virtual machine....

= nEw
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Here the virtual machine has been created successfully and is running. At this point there are two options:

- Connect to the instance using a Remote Desktop Client (RDP Client) -> go to chapter 6.2.9
- If you are not using the VM at the moment, switch it off avoiding charges -> go to chapter 6.2.10

=] |

2 Virtual machines - Window... x| | {0} 5.7 195

°@| ER https://managewindowsazure.com/{ O ~ @& & |

File Edit View Favorites Tools Help

Microsoft Azure |~ @ <AZURE user ID> ﬁ

virtual machines
INSTANCES IMAGES DISKS

T STATUS SUBSCRIPTION LOCATION DNS MAME p

VIRTUAL MACHINES LAME

1
[Your VM Name] =

Successfully created virtual machine.

+ NEW >< (D

CONNECT SHUT DOWN

After creating the virtual machine for the first time, it is already running. In case you do not continue, don’t
forget to shut down the virtual machine as described in chapter 6.2.10.

6.2.4 Provide DNS capabilities

This step is only needed for:

While using the Azure based virtual machine, the DNS service is already available out of the box.
If you are using a PC at home, you will need to configure a DNS service accordingly.

The DNS serves the purpose, that the relay server can be reached from any point in the Internet via a public
name (like google.com is a name that can be reached from anywhere in the internet). Actually the public
name will resolve to the public IP address of your internet router or modem. Reaching the relay server from
the router is explained in the next chapter.

The public name of your relay server needs to be entered as relay-server network address in both the
Sensorics- as well as the Groundstation-app.
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DNS services require a DNS provider and some configuration in your router that the actual public IP address
of your home endpoint gets reported to the provider.

There is a large variety of DNS providers. Some of them have been free, but no longer are (dyndns), some
are pseudo-free (noip) and some are really free (FreeDNS).

Setting up DNS services requires these steps:

1. Pick a suitable DNS provider
2. Getanaccount
3. Set up everything as explained by the DNS provider in your modem/router.

6.2.5 Configure port forwarding

This step is only needed for:

L.

While using the Azure based virtual machine, the port forwarding is already available out of the box.
If you are using a PC at home, you need to configure your internet router accordingly.

What basically is needed, is that UDP messages reaching your public home IP address are forwarded to the
PC, where the relay server application runs.

The method, how to do that differs from router to router. Therefore, the required settings are only shown
here exemplarily for the Fritzbox 7390 Router:

Step 1: Overview page for the port forwarding feature:

_ e
G@L@» http://192.168.188.1/ £ - || ¢ minzox x [ ok

File Edit View Favorites Tools Help

FRITZ'Box 7390

Loggedin v |FRITZ!Box Login| FRITZINAS | MyFRITZ! | 0

Overview | Permit Access

Internet
Port Forwarding Storage FRITZ!Box Services Dynamic DNS VPN

Online Monitor

Account Information Computers connected to FRITZIBox are safe from unauthorized access from the Internet. However, for certain applications such as
Filters online games or the eMule file sharing program, it must be possible for other users in the Internet to access your computer. Such
( Pemmit connections are made possible by enabling port forwarding
MyFRITZ! List of Ports with Port Forwarding Enabled
Telephony Enabled Name Protocol Port  to Computer to Port
Home Network ¥ FZRDVServerl UDP 57778 LPODOG-LAN 57778
WLAN MNew Port Forwarding
DECT

System [] Allow changes to security settings over UPnP

Devices and applications that support UPnP can be used to change security settings in the home network automatically, such as
the FRITZ!Box port forwarding rules. For reasons of security, only enable this option if you really want to allow incoming
connections from the Internet.

| Apply | | Cancel | | Refresh | | Help | W
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http://noip.com/
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Step 2: Detail page for the relay server port forwarding:

G(_’ )| hitp//192.168.188.1 £~ ¢ || @ FRTZBox | ] () s £53

File Edit View Faverites Tools Help

Loggedin v | FRITZ!Box Login | FRITZINAS MyFRITZ! @

Overview Port Forwarding

Internet
Edit port forwarding
Online Monitor

Account Information ] Port forwarding enabled for | Other applications W

Filters Name [FZRDVServert |
Permit Access Protocol
1

MR From port 57778 through port (57778
WEI ) to computer [LP000B-LAN V|
Home Network
WLAN to IP address 192.168.188.10
DECT to Port 57778
System

OK H Cancel || Help
View: Advanced | Contents | Manual | Newsletter| avm.de

However, this screen looks on your router, you need to configure UDP port forwarding from the listening
port 57778 to the IP address and port 57778 of the PC, where the relay server runs upon.

At this point there is a public URL pointing to your house (see the chapter before) and a port forwarding to
connect the public network endpoint with the relay server. The related parameter can be used to connect
both the Sensorics- and the Groundstation-app to the relay server. In both apps you would fill in the
Network Address according to this pattern (on the add relay server-screen):

( [Your public DNS name] : 57778)

FLIGHTZOOMER SENSORICS

add relay server

Name

[Define name of relay

Network Address

[Enter URL or IP Address] )

Save Cancel

User hints:

The name of the Relay Server can be
chosen freely by the user. It will be made
available in the dropdown box on the main
page.

The address can be IPv4 or IPv6 or a URL.
Ports need to be separated by a "' from the
address part.
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6.2.6 Install the FlightZoomer relay server application

This step is needed for:

Step 1: Go to http://flightzoomer.com/downloads.html and download the latest version of the
FlightZoomer Relay Server application:

@ = nn http://flightzoomer.c.. 0 ~ & ;f‘ﬂighizoomer.com

FlightZoomer

Hello, welcome on this page and thank you for your interest in FlightZoomerl
As | don't want to spend a lot of time designing this webpage, so the design and the features of it might
appear a bit minimalistic. But don't turn away, the gist of the matter is the FlightZoomer systeml

> What is it about? FlightZoomer in a nutshell

> Get Started! Find way more information in the product documentation

Downloads

Here you can download the latest FlightZoomer Relay Server application, which needs to be installed on a PC at home.
System reguirements:

A Windows PC with Windows 7 or more._ All the files are guaranteed to be free and clean from any stuff you will never want to
see on your computer!

Application Version Filanama
FlightZoomer Relay Server setup.1.0.0.8.exe

Step 2: Add flightzoomer.com to the list of trusted websites (only on )

When the download link from flightzoomer.com is clicked, a warning pops up. Add flightzoomer.com to the
trusted websites as shown. The reason for this is that the operating system on the virtual machine is not
plain vanilla Windows but the Server version which has higher security standards.
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enabled - Internet Explorer

o \5\ (2 Internet Explorer Enhanced ..,

Internet Explorer Enhanced Security Configuration is enabled

Internet Explarer Enhanced Security Configuration is currently enabled on your server. This configures a number of security settings that define how users browse Internet and intranet Web sites.
The configuration also reduces the expasure of your server te Web sites that might pose a security risk. For a complete list of the security settings in this configuration, see Effects of Internet
Explorer Enhanced Security

This enhanced level of security can prevent Web sites from disolavina correctlv in Internet Explerer and restrict access to network resources, such as files on Universal Naming Convention (UNC)

shares. If you want to browse a Web site that requ [ R d e i ] 7| the Web site to the inclusion lists in the Local intranet or Trusted sites.
zones. For more information, see Managing Intern:

You are attempling to download  file from a site
° that s nat part of your Trusted Sites and that might
be different from the website you are viewing,

hitp: fightzcomer. com

" p # You can add and remave websites from this zone. All websites in
Leam more about Intemet Explarer's Enhanced Security Configuation... s e ) wse E A S SR,

1F pou st this webisite, pou can lower security setings fo ’ .
the site by adding it to the Trusted sites zone. If you knon (2. d this website to the zone:
this webite i o your localinlranet, review help for et Fightzoomer corn
instructions on adding the site to the lacal intranet zone

iz wiebsites:
Impartant adding this websie to the Trusted sies zone willlower the secury | PHP://" technet micrasoft. corm il etz
setings for all content fram this web site for all applications, including Internet | http://*.update microsoft com
Explarer. hitp/[* windowsupdate, com
RittpsfJ* awindowsupdate. mictosoft .com [

™ Require server verification (https:) For all sites in this 2one

Close

Step 3: Download the setup file and run it:

« {23 £23

Downloads

Internel| {3 )= [ - Docass

Internet Ex ternet and intranet Web sites.
The configu  Organize v [ Open  Sharewith v Mew Falder n, see Effects of Internet

Explorer En = — -
This enhane 7 Favoritss FlightZoomer Relay Server - InstallShield Wizard | Naming Convention (UNC)
shares. If y B Deskeop cal intranet or Trusted sites

zones. For | — -
4+ Downloads Preparing to Install...
=l Recent Places

. FlightZoomer Relay Server Setup is preparing the InstaliShield
. Libraries | ~ wizard, which will guide you through the program setup

5| pocuments process. Please wait.

& Music

[ Pictures

B videos

Extracting: FlightZoomer Relay Server.msi

C

M Computer

Metwark.

Cancel

setup.1.0.0.3 Dats modified: 8242014 12146 PM Date created: §[24/2014 12:47 PM
Application Size: 2,93 MB

o] & & 2| O]8 e e
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6.2.7 Open the firewall for the required ports

This step is needed for:

D 5] 1D

In this chapter there are two sections. The first describes opening the firewall on your PC at home and the
second shows how it is done on the virtual machine.

6.2.7.1 Opening the firewall on your PC at home

This task is very easy: when the FlightZoomer Relay Server application is started for the first time, the
following pop up window will appear. Allow communication with the suggested networks and click on
“Allow access”:

> Windows Security Alert “

O Windows Firewall has blocked some features of this app

Windows Firewall has blocked some features of FlightZoomer Relay Server on all public and
private networks.

[ame: FlightZoomer Relay Server
ﬂ Publisher: Model Instrument
Path: C:\program files (x&6)\fightzoomer relay server

‘flightzoomer relay server.exe
Allow FlightZoomer Relay Server to communicate on these networks:
Private networks, such as my home or work network.

[W]Bubiic netwarks, such as those in airports and coffee shops {not recommended
because these networks often have it or no security)

What are the risks of allowing an app through a firewall?

@ﬂlnw access Cancel

6.2.7.2 Opening the firewall on the virtual machine

As the virtual machine operates a Windows Server operating system, the default security settings are
higher. Therefore, the following steps are needed:

Step 1: Click on the Windows Start-button and write “firewall”

Step 2: Open Windows Firewall with Advanced Security
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Step 3: Create a new rule

~
File Adion View Help \dc74189a54e6cd01dcdffbe
*8 [FHml=]

sl Name Giawm — Profle [ Enabled [ Action = | IGIESAE

B Cutbound Rules

ibl. Connection Security Rules a BranchCache Content Retrieval (HTTP-In} BranchCache - Content Retrie... Al Mo Allow, ﬂ New Rule...

lﬂ Maritaring a BranchCache Hosted Cache Server (HTTP-In)  BranchCache - Hosted Cache ... All Mo Allow
@ BranchCache Peer Discavery (WSD-In) BranchCache - Peer Discovery...  All Mo allow ST Filter by Profile 4
0 COMM- Network Access (DCOM-In) COM+ Network fccess al Mo allow T Fier by State »
G COMY Remote Administration (BCOM-In) COM+ Remote Administration Al Mo Alow

T Filter by Group »
(€ Core Networking - Destination Unreachable (... Core Networking Al Yes Alow
{8 Core Networking - Destination Unreachable . Core Networking Al Yes Allow View »
(€ Core Networking - Dynamic Host Configurati...  Core Networking Al Yes Alow Bl nefresh
(€ Core Networking - Dynamic Host Carfigurati... Care Networking al Yes allaw (G Refres
(€ Core Networking - Internet Group Managem...  Core Networking Al Yes Allow =) Export List...
(€ Core Networking - IPHTTPS (TCP-In} Core Networking Al Yes Alow elp
(€ Core Networking - IPvé (IPve-In) Core Networking Al Yes Alow
(€ Core Networking - Multicast Listener Done (1., Core Networking Al Yes Alow
(€ Core Networking - Multicast Listener Query {... Core Networking Al Yes Alow
(@ Core Networking - Multicast Listener Report .. Core Networking Al Yes Alow
(€ Core Networking - Multicast Listener Repart .. Care Netwarking Al ves Alaw
(€ Core Networking - Neighbr Discovery Adve...  Care Netwarking Al ves Alow
(€ Core Networking - Meighber Discovery Salicit... Care Netwarking Al ves Alow
(€ Core Networking - Packet Too Big (ICMPw6-In)  Cors Networking Al ves Alow
(€ Core Networking - Parameter Problem (ICHP...  Cors Networking Al ves Alow
(€ Core Networking - Router Advertissment (IC... Cors Networking Al ves Alow
(€ Core Networking - Router Solicitation (ICMP...  Cors Networking Al ves Alow
(€ Core Networking - Teredo (UDP-In Cors Networking Al ves Alow
(€ Core Networking - Time Exceeded (ICHPv6-In)  Cors Networking Al ves Alow
(€0F5 Management (DCOM-IN) DFS Management Al ves Alow
(€0F5 Management (MB-In) DFS Management Al ves Alow
(€0F5 Management (TCP-In) DFS Management Al ves Alow
() DFS Management (WMI-In) DFS Management Al Yes Allaw
) Distributed Transaction Coardinatar (RPC) Distributed Transaction Coardi... Al Mo Allow
a Distributed Transaction Coordinator (RPC-EP. .. Distributed Transaction Coordi... Al Mo Allow
a Distributed Transaction Coardinatar (TCP-In) Distributed Transaction Coordi... Al Mo Allow
€ Fle and Printer Sharing (Echo Request - ICM...  File and Printer Sharing Al [ Allow
@ Fle and Printer Sharing (Echo Request - ICM... File and Printer Sharing 2l [ allow
| = uls i
I

['nellom o 1zmeem

Step 4: Select Port as firewall rule type

Rule Type

Select the tppe of firewall rule to create.

Steps:

= Rule Type ‘wihat bype of rule would you like to create?

@ Protacol and Ports

@ Action " Program

@ Profile Htie that controls connecti&ns far a progran.
@ MName = Port

Rule that control: connections for a TCF or UDP port.

' Predefined:
EranchCache - Content Retrieval [Uses HTTF)

Rule that control: connections for a 'Windows experience.

' Custom
Cuszbam rule.

Learn more about rle types

< Back | Mext » I Cancel
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Step 5: Enter the options for the firewall

Protocol and Ports

Specify the protocolz and ports to which this rule applies.

Steps:

» Rule Type Dioes thiz rule apply to TCF or UDP?

& Pratocal and Ports Pl o =}

@ Action ( &~ UDP )
@ Profile

@ Mame

Dioes thiz rule apply to all local ports or specific local porte?

@ 5pecific local ports: ISF??H
el 7443, 5000-5010

Learn more about protocol and porks

< Back | Mext » I Cancel

Step 6: Allow the connection

% New Inbound Rule Wizard

Action

Specify the action to be taken when a connection matches the conditions specified in the rule.

Steps:
» Rule Type What action should be taken when a connection matches the specified conditions?
& Protocol and Portz

: &+ Allow the connection
AR Thiz includes connections that are protected with |Psec as well as thoze are nat.
& Profile

¢ Allow the connection if it is secure

» Mame

This includes only connections that have been authenticated by using |IPsec. Connections
will be secured uzing the settings in IPzec properties ahd rules in the Contection Security
Rule node.

Custamize. .. |

" Block the connection

Learn more about actions

< Back | Mest > I Cancel
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Step 7: Let this rule apply always

% New Inbound Rule Wizard

Profile

Specify the profiles for which thiz rile applies.

Steps:

i

i

L

L

i

Fiule Type
Protocol and Ports
Action

Prafile

Marme

‘when does this rule apply?

i Domain

weef Compulter i connected to its corporate domain.

omputer iz connected to a private network location.

¥ Public
aaplissdubanaComputer iz connected to a public network location.

Learn more about profiles

< Back | Mext » I Cancel

Step 8: Define the name of the rule (only for displaying purpose). Click on Finish afterwards.

% New Inbound Rule Wizard

Name

Specify the name and description of this rule.

Steps:

e

i

i

b

Fiule Type
Pratocal and Ports
Action

Profile

Mame

FlightZoomer nbound

‘<Eack [ Enisn ] _

Ny

N
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6.2.8 Start the virtual machine

This step is needed for:

After creating the virtual machine for the first time, it is already running. If that is the case, skip this chapter
and continue with the next chapter. Otherwise follow these steps, to start the virtual machine:

Step 1: Log first into your Azure Management site under https://manage.windowsazure.com

Step 2: Then enter the Portal at the top right.
Step 3: Click on VIRTUAL MACHINES in the menu on the left.

Step 4: The virtual machine can be started as shown on the following screen. Wait until STATUS shows
RUNNING (this can take several minutes):

_ s
°@|== https://maznagewindowsazurec.. O ~ @ & || B3 Virtual machines - Window.., ‘ | o * {.‘ﬁ

File Edit View Favorites Tools Help

Microsoft Azure |~ @ <AZURE user ID> a

virtual machines
INSTAMNCES IMAGES DISKS

NAME A+ STATUS SUBSCRIPTION LOCATION DNS NAME pel

[VM DNS Name]

[Your VM Name] =» |l Stopped (Deallocate.. Nutzungsbasierte Bezahl.. West Europe

HDINSIGHT
1)

MEDIA SERVICES

+ NEW =
STAR ATTAC CAPTURE
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6.2.9 Connect to the running virtual machine

This step is needed for:

Like a real PC is accessed by taking a chair and sitting in front of it, a virtual machine needs to be accessed.
For that purpose, there is a program which is available on any Windows PC. This program is called Remote
Desktop and allows to see the desktop of the virtual machine, as if you would sit in front of it.

In this chapter there are two sections. The first describes accessing the virtual machine from a desktop PC
and the second shows how it is done via the phone.

Precondition is that your virtual machine shows the status RUNNING in the Azure Management site console
(https://manage.windowsazure.com):

_ s
°@|== https://maznagewindowsazurec.. O ~ @ & || B3 Virtual machines - Window.., ‘ | o * {.‘ﬁ

File Edit View Favorites Tools Help

Microsoft Azure |~ @ <AZURE user ID> ﬁ

virtual machines
INSTAMNCES IMAGES DISKS
NAME +

SUBSCRIPTION LOCATION DNS NAME pel

[Your VM Name] ' » | & Running Nutzungsbasierte Bezahl.. West Europe [VM DNS Name]

HDINSIGHT
1)

MEDIA SERVICES
a

o+ e x 5 o & u

CONMNECT RESTART SHUT DOWMN CAPTURE DELETE
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6.2.9.1 Accessing the remote machine from your PC

Step 1: Connect to the running virtual machine by clicking on the CONNECT-button

n
) . J
e'®'|== https://managewindowsazurec.. O ~ @ & || B& Virtual machines - Window... ‘ | ok {g}
File Edit View Faverites Tools Help
Microsoft Azure |~ @ <AZURE user ID> &

virtual machines
INSTAMNCES IMAGES DISKS

NAME 4 STATUS SUBSCRIPTION LOCATION DNS NAME pel

VIRTUAL MACHINES

> o o

CONMNECT SHUT DOWMN CAPTURE

Step 2: Click on Open to launch the downloaded *.rdp file

The portal is retrieving the .rdp file. You will receive a prompt to open or save the file shortly.

Do you want to open or save [Your VM Namel.rdp (33 bytes) from manage.windowsazure.com?
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Step 3: Select the checkbox “Don’t ask me again for connections to this computer” and press Connect

B Remote Desktop Connection ﬂ

P The publisher of this remote connection cant be identified. Do you want to
/' connect anyway ?

This remote connection could ham your local or remote computer. Do not connect unless you know
where this connection came from or have used it before.

.. Publisher: Unknown publisher
: Type: Remote Desktop Connection
Femote computer: [V DNS Name]

‘ Dont me again for connections to this computer

x| Show Details Connect ] Cancel

Step 4: Enter the user credentials of the virtual machine as defined, when the VM was created

Here the user credentials need to be used that you have entered during Step 5 in chapter 6.2.3.

Windows Security ﬂ

Enter your credentials

These credentials will be used to connect to
[Your VM DNS name]

o

| [Your VM user name] |

Domain: Microsofticcount

[«/|Remember my credentials:

0]4 Cancel
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Step 5: Confirm that you trust the remote computer

LT Remote Desktop Connection ﬂ

The identity of the remote computer cannot be verified. Do
you want to connect anyway?

The remote computer could not be authenticated due to problems with its
securty cerificate. k may be unsafe to proceed.
Certificate name

5, Mame in the certficate from the remote computer:
[Your VM name]

Cerfficate emors

The following emors were encountered while validating the remote
computer’s cerfficate:

/. The certificate is not from a trusted certifying authority.

Do you want to connect despite these cedificate emors?

View certificate .. No

Step 6: At the end you see the Azure desktop of the virtual machine:

E_ Server Manager

Help

oles
Features a
Diagnostics Get an overview of the status of this server, perform top management tasks, and add or remove server roles and Features.
/| configuration L

Server Manager

~) Server Summary Server Summary Help
(~) Computer Information

Full Compuiter Name:

Domain:

Remote Deskkop:

Server Manager Remote
Management:

Product 1D:

I™ Da not show me this console at lagon

~ Security Information @ Go to Windows Frewal
& Configure Updates
+4 Check for New Rales

Windouws Firewall
Pconclpdates) = Run Security Configuration Wizard
Last checked For updates: ¥ Configure IE ESC

Last installed updates:

IE Enhanced Securlty Configuration
(ESC):

~! Roles Summary Reles Surmmary Help

T Collecting Data...

IS e
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6.2.9.2 Accessing the remote machine from your phone

Step 1: Figure out and note the port needed for the remote desktop connection
Navigate to the following page on the Azure Management site by clicking on VIRTUAL MACHINES ->
[your VM] -> ENDPOINTS. Note the PUBLIC PORT for Remote Desktop connectivity:

e'Q v'| = https://manage windowsazure.. O ~ & & || 2 Virtual machines - Window... | | {n} V'AH 524
File Edi

View Favorites Tools Help

Microsoft Azure |« @) <AZURE user ID>

[Your VM name]

&3 DASHBOARD MONITOR ENDPOINTS COMNFIGURE
[Your VM name] NAME 1 PROTOCOL PUBLIC PORT PRIVATE PORT LOAD-BALANCED... 0O
PowerShell TCP 5986 5986

Remote Desktop TCP

MANAGE ACL

Step 2: Install the free app REMOTE DESKTOP from the Store and start it

®

B Rechner
1Bl Reisen

Remote Desktop

Skype
Speicheroptimierung
Spiele

Store
Stromsparmodus

BA| Sunrise
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Step 3: Press on the + button to create a new connection as follows

Enter the VM DNS name and the noted port from step 1 into the PC name textbox, separated by a colon.
Save the connection afterwards.

ol

EDIT DESKTOP

general

Need help setting up the remote PC?

Step 4: After that connect to the server

ol e B2

REMOTE DESKTOP

desktops

L&

[VM DNS name]:[port]
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Step 5: Et voila, there is your relay server, accessed from the phone

6.2.10 Shutdown the VM after usage to minimize charges

This step is only needed for:

In order to avoid charges don’t forget to shut down the virtual machine after the work is done:

°@| 2R https://manage windowsazure.com/( O - @& & |

File Edit Wiew Favorites Tools Help

==V\rtua| machines - Window... x| | ﬁ * {§}

Microsoft Azure |~ @ <AZURE user ID>

virtual machines

INSTANCES IMAGES DISKS

MNAME T STATUS SUBSCRIPTION LOCATION DNS MAME el

1
[Your VM Name] =>

TeohHad=2oe

» &

CONMNECT SHUT DOWN L CAPTURE
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6.3 Prepare the FlightZoomer Sensorics-app

6.3.1 Attach the sensor smartphone

This chapter explains how the sensor smartphone needs to be mounted on an RC aircraft or copter. There
are some things that need to be considered, some things that don’t need to be considered and some things
that depend on user preferences.

To be considered:

e The smartphone needs to be mounted detachable (in order to remove the device for compass
calibration).

e Provide lightweight, yet sturdy installation.

e Provide as much clearance as possible to other electrical components.

e The smartphone needs to stay in a fixed relative attitude vs. the aircraft/copter.

e The position of the smartphone potentially affects the aerodynamics of the aircraft/copter (due to
the form factor of the device). This is especially valid for multicopters at high speeds. Positions in
front of the center of gravity have a negative impact on the stabilization. While all the examples in
the following best practices-chapter have worked at fairly high speeds (~ 20 m/s), the ideal position
would be like a trailing horizontal stabilizer, which is tilted to become aerodynamically neutral at
the max forward pitch angle (of the copter).

Not to be considered:

e The actual attitude of the smartphone relative to the aircraft/copter.
e Itis not necessarily required that the touchscreen of the smartphone is accessible while the device
is attached.

Dependent factors:

e If youintend to use the camera of the smartphone to create inflight footage or images (see
chapter 7.1.10) stick to these guidelines:
o The smartphone needs to be fitted with unobstructed camera vision.
o Keep vibrations away from the smartphone. Google “copter” and “vibrations”.
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6.3.1.1 Best practices

The following images show some solutions for attaching smartphones successfully to multicopters.

A very successful approach was to fix only the back cover of the phone, so the phone itself could easily be
detached from the copter. Note also that the phone becomes aerodynamically neutral when the copter
pitches forward:
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Another example where the back cover is fixed on the copter and the phone itself is just clipped onto the
back cover:
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The first two designs are not suitable to use the camera of the phone. The next two designs have a front-
mounted phone which allows using the camera:
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Another design




6.3.2 Install the app

The FlightZoomer Sensorics app can easily be loaded on any device from the store. Just enter
“flightzoomer sensorics” in the search textbox.

6.3.3 Install and configure MAVLink connectivity

In order to mate the onboard smartphone to the Ardupilot based flight controller a HC-06 Bluetooth
transceiver needs to be used. This device can be purchased from 3DR or in many other online shops (e.g. on
Ebay).

The following steps are needed to accomplish MAVLink connectivity between the flight controller and the
onboard smartphone:

Step 1: Configure the Bluetooth transceiver to the recommended baud rate of 57600

While the 3DR device comes already configured at 57600 baud, other HC-06 devices typically have the
default baud rate of 9600. As 9600 is not enough for the recommended MAVLink packet update rates, it is
recommended to change the configuration of the transceiver accordingly.

For this purpose, the Relay Server application has a special utility to automatically overwrite the
configuration parameters of a HC-06 Bluetooth transceiver with the correct values:

Bluetooth Configuration Utility ﬂ

For the connection between the ardupilot flight controller an the Fight Zoomer sensor device
amy HC-06 Bluetooth RF Transceiver can be purchased.

These devices usually ship with a baud rate of 3600 which is enough for basic operation but not
enough to exchange the full set required MAVLink messages at the recommended speed.

|sing this dialog you can program any connected HC-06 with a baud rate of 57600 and in addition
overwnte its default name to "MAVLINKnnnn_s" where ‘nnnn’ is an arbitrary four digit number and
'5"is an optional suffic which can be set by the user fthis allows to distinguish multiple paired
devices).

Before you can start the programing connect the device to this computer {e.g. via a USBto UART
Converter) and select the assigned COM port below. Then click on the ‘Program device™button...

Part: CIOM 5 Status:  Baud rate determined: S600

Program device with...

- Optional suffc to the name: -
- A user defined PIN (optional, default 1234): -
- A baud rate of 57600 -
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Perform the following actions to re-program the HC-06 device:

- Connect the HC-06 with the computer using a typical USB to RS 232/UART Adapter (as offered for
Arduino) like shown on this image:

- Open the Bluetooth programming utility from the Relay Server main window by clicking the button
Bluetooth Configuration Utility....

- Confirm that the correct COM port is shown in the Port dropdown box (or select it otherwise).

- The current baud rate will automatically be determined!

- Choose whether you want to add a one-character-suffix to the name and choose a PIN code (or
leave it at 1234).

- Click on the button Program device with...

- Once all steps are completed the utility looks like this:

Bluetooth Configuration Utility n

For the connection between the ardupilot flight controller an the Fight Zoomer sensor device
any HC-06 Bluetooth RF Transceiver can be purchased.

These devices usually ship with a baud rate of 9600 which is enough for basic operation but not
enough to exchange the full set required MAWLink messages at the recommended speed.

|Ising this dialog you can program any connected HC-06 with a baud rate of 57600 and in addition
ovenrwrite its default name to "MAVLINKnnnn_s" where ‘nnnn’ is an arbitrary four digit number and
's"is an optional suffix which can be set by the user this allows to distinguish multiple paired
devices).

Before you can start the programing connect the device to this computer (e.g. via a USBto UART
Converter) and select the assigned COM port below. Then click on the ‘Program devicebutton...

Part: COME  w Status:  Programming finished!

Program device with...

- Optional suffic to the name: done! (MAVLINKE11S_2)

- A user defined PIN (optional, defautt 1234): done!
- A baud rate of 57600 done!
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Step 2: Connect the Bluetooth transceiver to the flight controller

For this step the documentation of the flight controller needs to be consulted. The following wiki page
shows the connection for the APM and the PIXHAWK:

http://copter.ardupilot.com/wiki/common-optional-hardware/common-telemetry-landingpage/common-
mission-planner-bluetooth-connectivity/

For the Arsov AUAV X2 the Bluetooth transceiver needs to be connected with the USART3 (SERIAL2) on the
front side. The following diagram shows the respective pins. Always connect the Rx pin on one side of the
connection with the Tx pin on the other side (and vice versa):

H HEE NN NN EEEBEORN
\ /A A L L L el L e L
HE B E N NN l‘l'l‘l N

* ¢ o
BN BN BN BN BR B B IQ ML IQIJL)

Forward side

GND +5V Rx Tx

FIGURE XX ARSOV AUAV X2 BLUETOOTH CONNECTION

Step 3: Pair a new Bluetooth transceiver with the phone
This steps needs only to be done once for each particular HC-06 Bluetooth transceiver:

Power up the new transceiver until the red LED blinks.

On the phone open the Settings > Bluetooth screen.

Turn Bluetooth on if not yet done.

Select the new device in the list (identify the device with the name as generated in step 1 above)
and press tap to pair:

P wnhpRE

Al 7 Wi 17:43

SETTINGS

Bluetooth

MAVLINK3772_1

MAVLINK8119_2

tap to pair

advanced
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5. Enter the PIN as also defined in Step 1 above:
alll ? Wi 17:43

Pairing MAVLINK8119_2

6. Finished! From now everything can be done in the app.

Step 4: Configure the flight controller to feed the required MAVLink packets

As the last step the flight controller needs to be configured to stream the required packets at the
recommended rate.

Consult chapter 5.5.1 to understand the exact set of packets which are needed.
Use the Ardupilot Mission Planner to set the SRx-parameters rates as follows (x stands for the chosen serial

port):

Mission Planner °

FLIGHT DATA  FLIGHT PLAN INITIAL SE™'™  { ONFIG/TUNING

B @& &° ﬁ

Flight Modes | [Ny

GeoFence

Basic Tuni ng S F:E_E";T_ST.""'.T

Extended Tuning SR2_EXTRA

Standard Params

Advanced Params

Full Daramatar | ot

SR IOM
c -F'me‘e”ree S SR2_RAW_CTAL

Flanner SR2_RAW_SENS

SR2_RC_CHAN
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Also set the baud rate of the serial port which feeds the Bluetooth transceiver to 57600 and the protocol to
‘1’ (GCS MAVLink):

Extended Tuning

Standard Params
Advanced Params

Full Parameter List

Planner

Step 5: Test the configuration

Run the FlightZoomer Sensorics-app and the flight controller. Mate the app with flight controller and check
whether the MAVLink Status LED turns solid green after some time.

Also consult the raw data screen, to check the rate of the received MAVLink packets:

HB/SST/GPS/IMU/ATT/POS/RCI/RCO:

1/4/3/8/4/4/2/2

Flight Controller Data via MAVLink:
- Long/Lat: 00,00000/00,00000

- SpeedX/Y/Z: 0,000/0,000/0,000

_ Al _ 0

The first two lines show how many relevant packets have been received in the last second. The legend
shows the order of listed packets and needs to be decoded as follows:

HB = HEARTBEAT/SST = SYS_STATUS/GPS = GPS_RAW_INT/IMU = RAW_IMU/ATT = ATTITUDE/
POS = GLOBAL_POSITION_INT/RCI = RC_CHANNELS_RAW/RCO = SERVO_OUTPUT_RAW

6.3.4 Prepare the app

Once the device is fitted to the aircraft/copter and the app is loaded on the device, the initial setup can
take place. The initial setup is very easy and consists of these three steps:

1. Configure the relay server (see chapter 6.2).

2. Configure the MAVLink connection to the flight controller (see the chapter before)

3. Geometry capturing (see chapter 7.1.8). With this step the actual attitude of the device relative to
the aircraft is measured.

4. Optionally choose options for the inflight camera (default = off, see chapter 7.1.10).
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6.4 Prepare the FlightZoomer Groundstation-app
6.4.1 Attach the device to the RC transmitter (optional)

While it is possible to keep the groundstation device loosely it is much more convenient, if the device is
attached to the RC transmitter, so you have enough “hands” to hold everything properly.

A good and proved solution would be to buy a cheap case for the device and attach the case to the handle
of the RC transmitter. Be inspired by the following images!

6.4.2 Install the app

The FlightZoomer GroundStation app can easily be loaded on any device from the store. Just enter
“flightzoomer groundstation” in the search textbox.
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6.4.3 Prepare the app

The preparation for the groundstation is even simpler than for the onboard sensor device and has only one
step:

1. Configure the relay server (see chapter 7.3.3). This is done exactly the same way as for the
Sensorics-app.

2. Additionally, the standard turn rates can be configured. Alternatively, these they can be gained by
the flight test feature (the system measures the turn rate automatically while steady turns are
flown by the (test-)pilot...

6.5 Prepare the RC system

While it is possible to use with FlightZoomer with a regular RC system without modification, the flying
experience and the realism can be greatly enhanced if the RC transmitter is configured adequately to
simulate the behavior and autoflight systems of real aircraft.

As FlightZoomer is modeled after the Boeing 787 Dreamliner, let’s first have a look at the original Boeing
documentation, which explains the autopilot of the mighty 787. The following extract shows the glareshield
panel of the autopilot:

787 Flight Crew Operations Manual
Automatic Flight Chapter 4

Controls and Indicators Section 10

Mode Control Panel (MCP)

Av‘:T an 1as(” )mach

The panel looks rather complicated but the meaning of each control is quite understandable if we dig a bit
deeper in the next chapters.
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6.5.1 Speed hold/autothrottle mode

The following extract from the original manual explains in detail the controls of the autothrottle and speed

controls (IAS/MACH = the two speed modes):

Aurothrortle System Controls

BEE Autothrottle (A/T) ARM Switches
The left autothuotile arm switch conirols the left engine aufothrottle. The right
autothrotile arm switch controls the right enzine autothrotle.
L and/or R — arms the selected autothrotile for mode activation. The selected
autothrotile activates automatically when an AFDS mods (VNAV, FLCH, or
TO/GA) is selected.
OFF -
« disconnects the selected autofiottle
+ prevent: selected sutothrotile activation
BEEI Climb/Continuons (CLB/CON) Thrust Switch
On the ground and below 400 faet during tskeoff, the switch is inoparative,
Push—
» with fwo engines operating, changes the engine thrust liuit to the FMC
zalscted climb thrazt
« with only one engine operating, changes the thrust limif to maximum.
contimuous (CON}
BEEE Autotbrotrle (A'T) Switch
Puzh — above 400 feet, with the autothrottle armed, activates the 2ppropriate
autothrotile mods for the selected AFDS pitch mods, or if o pitch mode, in the

BN Autothrottle Light

Dluminated (white) — an autothrottie mode is activated.

Autopilot Flight Director [AS/N\Iach Controls

B L4S/MACH Reference Switch
Push—

+ alternately changes the TAS’MACH window between IAS and Mach

displays (Mach must be 0.4 o greater 1o switch from IAS to Mach)

+  inoperative when the IASMACH window is blank
BEE LASMACH Window
Upper line displays speed selected by the IAS/MACH selector and lower line
displays uplinked ATC speed clearance:
Upper line is blank when the FMC controls the speed. When changing from
TO/GA to VS, FPA, or ALT, the window automatically displays:

+ the flap placard speed mimus 5 knots (flaps extended)

+ 250 knots (flaps up). or

+ aspeed value entered in the IAS/MACH window after TO/GA was

pushed

The display range is:

+ 100-399KIAS

+ 400 950 Mach
The selected speed is displayed as the PFD selected speed.
The selected speed is displayed as the range to target speed dot (green) on the
VsD

Upper line displays 200 knots and lower line is blank when power is first applied.

During descent, automatically changes from Mach to LAS at 330 KIAS(TBV)
BENl LAS/MACH Selector
Rofate -

+ sets the speed on the upper line of the IASMACH window and as the

selected speed on both the PFD and HUD

« inoperative when the TAS/MACH window is blank
Push—

+ with VNAV engaged. altenately opens or closes the IASMACH

wandow
- when the window is closed. the FMC computed target speed is active
and 15 displayed on both the PED and HUD
+ when the window is open, FMC speed-iniervention is active and the
IASMACH selector may be used to set the desired speed

* blanks when not in SPD, FLCH. or TO/GA
BN Uplink Tramsfer (XFR) Switch
Push — Transfers the IAS or Mach value from the lower line to the upper line. If
upper line was blank/closed, it now opens to the uplinked ATC value. Lower line
blanks after the transfer
B ATC Uplinked Speed Clearance
The ATC uplink function is always enabled. For immediate clearances, pushing
the datalink ACCEPT switch displays the clearance IAS or Mach value 1n the
lower line of the window. If the upper line was blank/closed. it remains
unchanged. Pushing the datalink CNCL switch removes the clearance from the
lower line.
For conditional clearances, pushing the ACCEPT switch automatically displays
clearance IAS or Mach value in the lower line only after condition contained in
the clearance is met.

Uplinked clearances are preceeded by the letters "UL"

speed (SPD) mode. During climb, automatically changes from IAS to MACH at 850 Mach.
oy € To i Cop, Sy b e
October 31,2007 D152003-TBC 4103 Copyrght© T ooy Compomy: S ke g bt Corsh © The B Compary, S pge o el
4104 D6152003-TBC October 31, 2007 October 31, 2007 D6152003-TBC 4105

The autothrottle can work in several ways but the simplest mode is the speed (SPD) mode. In this mode the
desired target speed is dialed in using the IAS/MACH Selector (Nr. 3 in the middle image, the value is shown
in display Nr. 2). Pressing the A/T switch (Nr. 3 in the left image) the autothrottle starts controlling precisely
the thrust to maintain the target speed.

This procedure currently can’t be simulated with FlightZoomer but a similar behavior can be achieved by
configuring the RC transmitter as follows (using a multicopter):

By mixing a configurable proportional control to the pitch channel, constant pitch-angles can be applied
(while the channel’s stick stays untouched). At a constant tilt angle, a multicopter will establish a constant
speed (wind effects aside). So a certain target speed can be set by turning that control until the reported
speed matches the desired target speed.

6.5.2 Constant turn mode

Another possibility which greatly improves the usability and the precision of FlightZoomer operations is the
provision of constant turn rates by configuring the RC system accordingly. FlightZoomer uses a constant
value as the expected turn rate for the calculation of turn radiuses, route length & duration and the turn
countdown timer. The expected turn rate can either be set manually or measured automatically with the
flight test feature. This behavior again matches real aircraft like the Boeing 787 Dreamliner which also have
a standard 3°/second turn rate.

As a constant and consistent turn rate is hard to achieve manually (with the yaw/rudder channel) it is
recommended to implement this capability also with the RC transmitter (this again makes only sense using
a multicopter).
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There are two recommended ways to achieve that:

1. By mixing two configurable switches (ideally spring loaded) to the rudder channel, constant turn rates
can be commanded (while the channel’s stick stays untouched). For a typical multicopter this might
require to mix +10% to the yaw channel if the turn-right-switch is actuated and -10% if the turn-left-
switch is actuated. A turn rate of about 6°/second proved to be quite good for RC modeling purposes.

Or alternatively:

2. Use the dual rate feature to have either the full travel or only +/- 10%. The second, reduced control
travel will be used for constant, gentle turns and shall be made available by an external switch. This
way the normal rudder stick can be used.

6.5.3 Example

The following image shows how a RC transmitter has successfully been configured to support constant
speed and constant turn rate operations with multicopters:

Sl Spring loaded switch to
Spring loaded switch to o ) Y g, apply constant +6°/second
apply constant -6°/second ) e right turn rate.
left turn rate.

Proportional control to
apply constant forward
speed (0..100%).

6.6 Prepare the navigation database

One important step for preparing FlightZoomer is the creation of a suitable navigation database. This task is
done with the Relay Server application as described in chapters 7.2.6 to 7.2.9. The underlying knowledge
for the navigation database is described in chapter 5.6.

Some tips how to setup the navigation database:

- Creating the navigation database means that you already have a clear vision what kind of flights
you want to do.

- Wherever you wish to have waypoints for your routes place a VOR or a GPS FIX. You can cover the
whole landscape with as many navigation aids as you want.

- Place airports that have real (rural) roads are aligned parallel to your runway. You don’t need real
landing strips, especially with multicopters. This means that you can defined touchdown points
virtually everywhere (the reason is that realistic accuracy does not permit spot-on landings solely
based on the FlightZoomer ILS).
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- One airport typically is enough because RC aircrafts usually land where they took off!

7 System Reference

7.1 FlightZoomer Sensorics-app

The FlightZoomer Sensorics-app runs on a smartphone, which is mounted aboard an RC aircraft. The app
collects sensor data from the smartphone’s internal sensor suite and transmits them to the groundstation
(via relay server).

The app is rather simple. The main features are:

- Configure and control the connection to the relay server.

- Calibrate the compass.

- Send sensor and location data as a constant feed to the relay server.

- Raw data view.

- Geometry capturing (capture the attitude of the device aboard the aircraft).
- Configuration of the video or image recording.

7.1.1 Main screen — overview

¥  6:02
FLIGHTZOOMER SENSORICS

POWER ON/OFF LOCK FOR FLIGHT

VHF PANEL MAVLINK

(Y
@ RELAY SERVER

CELLULAR WIFI

PITCH / BANK / COMPASS (ERROR)
OFF
| CAL
! LOCATION ERROR / D1 / D2
OFF

SPEED / COURSE / ALT
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7.1.2 Main screen — detailed view

¥ 602

FLIGHTZOOMER SENSORICS

POWER ON/OFF LOCK FOR FLIGHT

VHF PANEL MAVLINK

Element Purpose

Power switch Switches on the whole system
Flight Lock-mode The button cap is simulated so pressing it three consecutive times toggles
switch the Flight Lock-mode to locked and by pressing it another three times back

to unlocked (see chapter 5.4). The first tap raises the cap, the second
actually actuates the switch and the third closes the cap again.

This sequence protects the system from unintended mode changes.
The Flight Lock mode transition sequence looks as follows:

S =TTy o

27 70

e/

LoCK GHT

LOCHFOR FLIgHT L FLGHT LOCK FOR FLIGHT
——— — 4

7oV i
2. 3 : =) : / LY
[ 7

RTH-CONNECTOR

In locked mode an overlay mask is laid over the whole screen. As a result,
any user input is blocked on the entire touchscreen. Only in the area
around the Flight Lock-mode switch there is a cutout in the overlay mask
(allowing a transition back to the unlocked mode).
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Activate MAVLink

Add relay server

Modify relay server

Relay server selection
box

Delete relay server

The overlay mask looks as follows:
¥ 623

LOCK FOR FLIGHT
i

!
!
]
o e

Alternatively, the locked mode can also be commanded from the
groundstation.

This button switches on the MAVLink connection to the flight controller.
The button is two-color lighted to indicate the state of the MAVLink
connection.

Using this button will try to establish a connection to the Bluetooth device
which was successfully connected the last time. This requires the first-time
user to use the flight controller mating-screen to pair, select and connect a
particular device. Multiple devices can also be managed on that screen.
The color of this button has the following meaning:

[none] MAVLink switched off

[yellow] MAVLink is being switched on

[green] MAVLink switched on

[green, blinking] MAVLink switched on, some packets are missed

The app allows configuration and storage of an unlimited number of relay
servers. This button opens a menu to define and add a new relay server. A
relay server definition is a combination of a plain text name, a URL (or an IP
address) and a port number.

Pressing on the button opens the screen described in chapter 7.1.4.

This button opens a menu to modify the relay server displayed in the
selection box.

Pressing on the button opens the screen described in chapter 6.2.

This selection box shows the currently selected relay server. The box is
empty as long as no relay server has been defined.

After the connection to a relay server has been established, one of the
following prefixes are added to the text in the selection box, which indicate
the currently active interface type and the network quality:

2.5G>>

3G>>

3.5G>>

WIFI>>

This button deletes the relay server which is displayed in the selection box
from the list of stored relay servers.
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Cellular Comm Switch

WIFI Comm Switch

Image shot indication

Comm status
indication

Attitude summary
display

Open compass
calibration

Open raw data view

This buttons switches on a cellular connection to the selected relay server.
Precondition is the selection of a relay server, which has been configured
using a public URL or IP address.

A given relay server definition consisting of a public URL or IP address can
be used to create both a cellular or a WIFI connection. With the cellular
Comm switch you can enforce a WAN (internet) connection if both
networks types are available. If there is only one network type available,
the operating system will automatically pick the available one.

The button becomes lighted while the connection is switched on.

This buttons switches on a WIFI connection to the selected relay server.
There is no precondition for the relay server definition. Ideally you would
choose an IP address or URL which points to the local network.

Contrary to the Cellular Comm Switch the WIFI Comm Switch allows
setting the network preference to WIFI if both network interface types are
available. This might be useful to download videos, while the device is
connected to the relay server in the same LAN (over WLAN).

The button becomes lighted while the connection is switched on.

This light toggles between illuminated and dark each time an image has
been shot (with the camera fixed interval image recording feature).

These LEDs indicate the operation status of the relay server connection.
The LEDs are arranged in four columns:

[1] Error indication - red

[2] Transient state or warning indication - orange

[3] Even message sent successfully - green

[4] Odd (alternate) message sent successfully — green
In addition, [3] and [4] above are split into an upper and lower half.
During normal operation the odd and even message sent indications toggle
on and off alternately (green light jumps from [3] to [4] to [3] to [4]...)
If 10 messages have been sent in a row without successfully receiving a
single response message, either [3] or [4] start toggling between the upper
and lower half.
This gives an indication that the connectivity might be impaired (messages
are still sent, but a roundtrip seems to be no longer possible).

This text box shows the current pitch, bank and compass angle at any time.
In brackets the compass error is shown.
This display can be used to verify the result of a geometry capturing run.
The OFF flag disappears as soon as attitude and compass data is available.
This button opens the compass calibration screen. It is illuminated if the
current calibration is insufficient.
CAL
The compass is calibrated. The compass accuracy is
equal or smaller than 20° (degrees)

The compass needs to be calibrated. This is required
frequently and must be checked prior each take off.

Pressing on the buttons opens the screen described in chapter 7.1.5.

This button opens the raw data screen. Pressing on the buttons opens the
screen described in chapter 7.1.6.
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Location summary
display

Dynamic summary
display

Options menu
(collapsed)

This text box shows the status and summary of the location determination
sensor suite. During normal operation the following numbers are displayed
(in one line):

[current location determination error in meter]/

[East/West offset in meter from the initial location]/

[North/South offset in meter from the initial location]

During GPS initialization or in case of localization errors one of the

ooy d]
CVIE2LT 52 o0

o L1 Lo L | Loy |
> L Ld L [

The OFF flag disappears as soon as location data is available.

This textbox shows the current speed, track and altitude in meters per
second, degrees and meters.
The OFF flag disappears as soon as location data is available.

Pressing on the collapsed menu symbol will show the full menu (see next
chapter).
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7.1.3 Main screen — options menu expanded
¥ 7:20
FLIGHTZOOMER SENSORICS

POWER ON/OFF LOCK FOR FLIGHT

VHF PANEL MAVLINK

flight controller mating...
videos...

geometry capturing..

lag time test...

options...

info...

Pressing on the right corner at the bottom, the jump menu appears. This menu offers the following
commands:

Element Purpose

Flight controller mating...  This menu opens the flight controller mating-screen (see chapter 7.1.7).

Videos... This menu opens the video screen, where recorded videos can be
watched, deleted and also downloaded to the relay server.

Geometry capturing... This menu command opens the screen, where the geometry of the
attached device on the aircraft can be captured (see chapter 7.1.8).

Lag time test... This menu opens the lag time test-screen, where the complete lag
between the sensor device and groundstation can be measured for
each transmitted package (see chapter 7.1.9).

Options... This menu command opens the options screen (see chapter 7.1.10).

Info... This menu command opens the info screen, which shows the version,
the build date and links for support purposes.
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7.1.4 Add/modify relay server screen

FLIGHTZOOMER SENSORICS

add relay server

Name

[Define name of relay server]

Network Address

[Enter URL or IP Address]

This screen is shown in order to add or modify a relay server.

Element Purpose

Name text box This text box allows definition of the relay server name. The name of the
relay server can freely be chosen by the user. It will be available in the
selection box on the main screen.

Endpoint address This text box allows definition of the IP address (IPV4 or IPV6) or a URL for
the relay server. In addition, the destination port can be specified (if it is
missing, 57778 is taken as default). If specified, the port must be separated
by a colon-character (:) from the IP address/URL. (ie: 10.1.3.4:57778)

The FlightZoomer Sensorics App will connect to this endpoint when
building up UDP connectivity with the relay server.

Save button Store the definition/changes.
Cancel button Leave this screen without saving the definition or modification.
User hints Usage and instruction summary
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7.1.5 Compass calibration screen

compass calibr

Current compass error: 180.0

Move the phone as shown below u
drops below 20:

Vp lo

vshow™instructions

This screen is shown while the compass is going to be calibrated. After the screen is displayed the device
needs to be rotated in all three axes as shown. Take the device in one hand and fluidly trace a figure 8. This
movement needs to be continued until the compass error will become less than 20°. At the moment when
this happens the device will vibrate for 100ms.

Element Purpose

Movement instruction This image shows the movement and rotation, which is needed to
calibrate the compass.

This buttons opens detailed further information:
vhide instructions

If the calibration can't be completed successfully
consider the following points:

Show instructions

- Choose an outdoor location to run the
calibration.

- Shutdown the phone and remove/reinstall the
battery before trying the calibration again.

- Repeat the 8-movement a number of times.
Move steady, quick and excessive.

- Consult internet videos to see real life examples
of the calibration, e.g. the following links.
Especially consider the second example, that
shows an alternative movement:

Instruction video 1
Instruction video 2

Current compass error Store the definition/changes.
Quit button Leave this screen.
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7.1.6 Raw data screen

Jf 3 7 @ 1]

raw data monit

HB/SST/GPS/IMU/ATT/POS/RCI/RCO:
1/4/3/8/4/4/2/2

Flight Controller Data via MAVLink:

- Long/Lat: 00,00000/00,00000

- SpeedX/Y/Z: 0,000/0,000/0,000

- Alt: -17,0

- Hdg: 59,4

- Voltage/Current: 0,713/1,780

- FixType/SatCount/eph/epv: NoFix/0/99,99/655,35 I
- Pitch/Bank: 0,5/0,0

gnsor:

- Last Cycle Duration: 00:017

- NormAttitude Pitch/Bank/Yaw: -027/+008/+114 30
- Gravity X/Y/Z: +0,1322/-0,4503/-0,8830

- Dev.-Acc. X/Y/Z: -0,0060/-0,0036/+0,0101

- Dev.-Rot. X/Y/Z: 00,0000/00,0000/00,0000

Phone Geolocation:

- Last Cycle Duration: 00:948

- Long/Lat: 47,58830/08,24295

- Accuracy: 015

- Speed/Course: 000,0/NaN

- Altitude/AltAccuracy: 0326/016

This screen shows the raw data. The output of each and every sensor as well as everything related to the
MAVLink connection is shown in real time.

This feature can be used for system monitoring purposes and for trouble shooting.

Leave the screen with the BACK button of the device.

Element Purpose
Raw data Shows the output of sensors used by the app.
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7.1.7 Flight controller mating screen (MAVLink connection)

From this screen the Sensorics-app can be connected to a HC-06 Bluetooth transceiver, which provides
MAVLink connectivity with the flight controller. The screen offers the capability to connect to a particular
Bluetooth transceiver for the first time, select one among multiple devices and display detailed status

information.

Whenever a connection is established successfully, the respective transceiver is stored. The stored
transceiver is also used whenever the Activate MAVLink-button is pressed on the main screen. Provide a
unique naming convention for each Bluetooth transceiver for each aircraft.

ol 7 ® i 17:44

FLIGHTZOOMER SENSORICS Flight Controlie

mate

Select the bluetooth device for flight controller
mating from this list:

AMLINK3772_1]
> [MAVLINK8119_2]

>

Status: paired devices found

User hints:

Connectivity to a flight controller needs to be
established using an intermediate Bluetooth
device.

The communication with the flight controller is
based on MAVLink.

Each intermediate device needs to be paired
once with the phone prior usage in this app (at
the Settings > Bluetooth page).

Element Purpose

Priority tab Opens the second pivot screen where the sensor source priority can be
configured. For details about the four options consult chapter 5.5:

Paired devices list List of all the paired Bluetooth devices. The list shows the name of each
Bluetooth device (which is either HC-06 or LINVOR per default or
MAVLINKnnnn_s if the transceiver was configured using the Bluetooth
Configuration Utility of the Relay Server-application).

Status text The status text shows the connection progress. The following states are
possible:

Searching for paired devices

No paired devices found

Paired devices found

Paired devices found, connecting...
Connected with device

Connected with device, MAVLink available

Refresh list button With this button the list of paired devices can be refreshed at any time.

Connect to device button By pressing this button, a connection to the selected device in the list
can be established.
The button is only enabled if one item in the devices list is selected.

Bluetooth settings Pressing this buttons opens the device’s Bluetooth settings.

button
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7.1.8 Geometry capturing screens

The geometry capturing is needed to measure the attitude of the device as it is mounted on the aircraft.
Each time the position relative to the aircraft changes the geometry needs to be captured again. (eg. You
decide to change the mount for the device to downward aim the camera)

geometry capturing

start capturing both steps...

1. Vertical axis:
Keep the copter exactly horizontal while
the vertical axis is captured.

Start capturing button

geometry Ca th ring Phase 1 progress bar

2. Lateral axis:
Tilt the copter forward exactly around start capturing both steps...
Z

the lateral axis to complete the
geometry capturing (bank angle at 0° 1. Vertical axis:
and pitch angle between 70°-100°) Keep the copter exactly heiizontal while

sy g~ jeometry capturing

Tiit tha captar forward & Ao start capturing both steps...

1. Vertical axis:
Keep the copter exactly horizontal while
the vertical axis is captured.

Status report:

Shans ot 2. Lateral axis:
Vertical axis is curren) Tilt the copter forward e
Phase 2 progress bar the lateral axis to comy
geometry capturing

Status area

Pjfch axis capturing succeeded.
Screen while in progress

Screen when finished

Element Purpose

n Start capturing button This buttons initiates a geometry capturing sequence.

Phase 1 progress bar The aircraft needs to be kept exactly horizontal during the first phase of
the measurement. The phase 1 takes 20 seconds. During that time the
average gravity vector is measured and stored.

Phase 2 progress bar After the first phase is completed tilt the aircraft forward by about 90°
during the second phase to complete the measurement. It is less
important that the aircraft is pitched exactly 90° forward than doing so
exactly around the lateral axis (which goes from left to right). In fact,
any pitch forward angle starting from 0° is valid and does not affect the
measurement.

n Status area The status area displays information about the progress and the
outcome.

n Screen while in progress  During measurement execution the screen becomes yellow.
n Screen when finished After measurement completion the screen becomes green.
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7.1.9 Lagtime test screen

Switched off:
¥ 545

lag time test

current relay server:
WAN, LPO006

While the test runs:

M 10:02

lag time test

gent relay server:

lag times (min/avg/max):
0.0340s /0.0577s /0.0790s

In order to measwre"and display the total
een FlightZoomer Sensorics
d FlightZoomer Groundstation, a closed
loop to the relay server and back to this
device is established by tapping on the
start-button. The measured round trip time
is then shown above.

The lag time test measures and displays exactly how long it takes for each single transmitted packet over
the entire communication route from the sensor device to the groundstation device. This test is
accomplished solely by the Sensorics-app and the relay server. The Groundstation-app Is not needed. Once
the test is started, a second connection from the sensor device to the relay server is established which is

used to simulate the complete end-to-end connection.

Element Purpose

Relay server connected via This text label shows the relay server to which the currently active

active connection connection is built up.

If no connection is activated, the label shows “Not connected”. In
that case starting the lag test is not possible.

Start button With this button the lag test is started. After pressing on the
button, a second connection to the relay server is established and
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Stop button
Lag time bar per package

Lag time scale

Minimum/average/maximum
values

Reset button

7.1.10 Camera options screen

the time for the whole roundtrip of each transmitted package is
measured and displayed.

This button stops an ongoing lag test.

For each received package the length of the lag time bar changes in
order to reflect the overall transmission time. There are 25 bars so

after 25 received packages the bars are reset and the animation of

the lag time starts again from the top.

The scale of the time lag bar means that full width matches 1
second.

This text labels shows the shortest, the longest and the average
observed time lag. The labels are updated as long as the lag test
runs.

With this button the minimum, average and maximum values can
be reset and in addition a new lag test session can be triggered.

FLIGHTZOOMER SENSORICS Options

Camera
@ rone

. record a video per flight

© take images at a fix interval:

Any m milliseconds

At this resolution:

| (
640,480
2592,1944
3264,2448

The camera options screen defines the usage of the camera while in Flight Lock mode. Choosing an
appropriate setting primarily impacts the robustness of the connection to the relay server. Video recording
has the biggest impact so it needs to be tested thoroughly on all but high end devices.

Element Purpose

Camera off button Switches off the camera.

Record video button Switches on video recording.

Take images button Switches on image capturing at a fixed interval.

Image rate This number determines the image capturing interval in ms (1000 = 1s).
Image resolution This list allows selection of the desired image resolution.
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FlightZoomer Relay Server Application

The FlightZoomer Relay Server application is a rather simple single-screen application. It mainly controls the
operations scenarios, which are explained in chapter 5.2.

For normal operation the application just needs to be started and that’s it. The application runs unattended
and will just route incoming sensor data to as many groundstations as connected. The data feed towards
the groundstation can come from the sensor device, from the flight simulation feature or from the replay
file feature. There is only one restriction: The data feed can only come from one source at a time.
Additionally, as soon as data is incoming from the sensor device, the other sources (sim, replay) are
deactivated.

Other features are:

- Operational status indication.

- Automatically store sensor data into the flight log file as soon as the Flight Lock mode is activated.
- Flight simulation based on specified parameters or alternatively on joystick input.

- Replay earlier flight log files.

- Manage navigation data.

- Program HC-06 transceivers with the Bluetooth configuration utility.
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7.2 FlightZoomer Relay Server desktop application

7.2.1 Main screen — overview

Flight Zoomer Sensorics
(

Message received indication: o 55/0

Extemal EndpoirO@perational status )4475 [ 2 x@

1
: Initial Position: Speed Track Altitude [] Use Joystick N

Longitude (East pos.) Latitude (North S
>/ | 8.2345000 || A6 7345 Sensor data feed source: simulation) - , .

L

Fil=

J
N

‘ Load Replay File... | C:M\ProgramData“Hig - -cols.csv
Sensor data feed source: replay flight log file

Run and replay file of earier flight: | m | /e 1222 | /| 6795 00-01-33.828192

\ | y
I Cumert Feed Data, Source: Simulation \

Message received indication: x ch: 170127027
Operational status
Bxtemal Endpoint:  178.197.227 3 1 Ty 438.0/-027

\ Long/Lat: 8228236546 243004 )

Utilities | Bluetooth Corfiguration Lhility... | e_(Manage navigation data) ‘ Push Mavigation Data ‘
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7.2.2 Main screen — operational status

il \ FlightZoomer Sensorics PaneD

bl Message received indication

Message received counters

Message received indication: o

Extemnal Endpoint:  178.197.227.3

Sensor device IP address S\ Sensor device port

(I FlightZoomer Groundstation panel
yA Message received indication
I3l Message received counters 9

Current speed and track gl

Bxtemal Endpoint: | 1781972273

12 CGroundstation device porD
y

11 @roundstation device IP addresg

13 @urrent altitude and heading)

Element Purpose

FlightZoomer Sensorics Panel Section that covers the connection to the sensor device.

n Message received indication Indication which toggles between “x” and “0” with each
received message.

n Message received counters Sensor device message counter. Behind the slash sign the
current number of non-sensor-data messages is shown.

n Sensor device IP address IP address from which the sensor device is sending messages.

|51 sensor device port IP port from which the sensor device is sending messages.

n FlightZoomer Groundstation panel  Section that covers the connection to the groundstation
device.

Message received indication Indication which toggles between “x” and “0” with each
received message from a groundstation.
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Message received counters

Source indication

Current speed and track

Groundstation device IP address
Groundstation device port
Current altitude and heading

Current location

Groundstation message counter. Behind the slash sign the
current number of non-sensor-data messages is shown.
Indication that shows from where the current sensor data
feed towards the groundstation is coming from. The following
sources exist:

- From Sensorics

- Simulation

- Replay File
Indication of the speed and track (course over ground) as
currently sent to the groundstation. Units are m/s and degree.
IP address from the groundstation device.
IP port from the groundstation device.

Indication of the altitude and heading as currently sent to the
groundstation. Units are m and degree.

Indication of the longitude and latitude as currently sent to
the groundstation. Units are degrees.
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7.2.3 Main screen — utilities

Start geometry capturing step 1 )|
Start geometry capturing step 2 )l

Geometry capturing progress indicators Jie}

/3 Show system logs

3 Ghow Bluetooth utiIitD

Element Purpose

‘[ Start geometry capturing step 1 Alternatively, to the menu option in the FlightZoomer
Sensorics app, the geometry capturing can also be launched
from the relay server application.

This buttons initiates the first step (during which the aircraft
needs to be kept horizontal). See also chapter 7.1.8.

Start geometry capturing step 2 This buttons initiates the second step of the geometry
capturing sequence (during which the aircraft needs to tilted
forward). See also chapter 7.1.8.

n Geometry capturing progress Progress indications in seconds for each of the two geometry

indicators capturing steps.

n Show system logs This button opens the log view pop up window.

H Show Bluetooth utility This buttons opens the Bluetooth configuration utility as
described in chapter 6.3.3.
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7.2.4 Main screen — simulated sensor data feed

This feature allows injecting any desired flight parameter to simulate aircraft movements for training and
demonstration purposes. Using this feature only the groundstation is needed (to “see” what’s going on)
while no sensor device is required (in fact the simulation is switched off as soon as real flight data from a
sensor device is received).

The simulation is based on longitude/Iatitude for the (initial) position, the target speed, target track and the
target altitude. Additionally, small attitude variations are induced, which add realism.

The initial location (Longitude/Latitude) can be entered by the user before starting the simulation.

The simulation provides following flight parameters:

Parameter Purpose

Location Updated every second, derived from the simulated flight
trajectory.

Speed Updated by the simulation. Parameter of the current simulated
flight trajectory.

Altitude, vertical speed Updated by the simulation. Parameter of the current simulated
flight trajectory.

Track/heading Updated by the simulation. Parameter of the current simulated
flight trajectory.

Pitch Updated by the simulation. Derived from speed.

Bank Updated by the simulation. Derived from track changes.

Horizontal accuracy Constant value of 2m.

Vertical accuracy Constant value of 5m.
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M Simulation start/pause button

A Location (longitude and latitude)
EP Target speed, track and altitude

Joystick usage on/off checkbox

[$W\ Joystick configuration button
;3 Submit changed parameters

Element Purpose

Simulation start/pause button This button starts or stops the flight simulation. Therefore, clicking
on this button switches off the replay file functionality if it was
running).

While running, the simulation stops immediately and automatically
if data from a sensor device is received.

Location (longitude and The location can be defined while the simulation is paused. Once

latitude) the start button is clicked , the textboxes become disabled because
the updated locations will steadily be generated by the simulation
feature.

Target speed, track and These parameters define the flight trajectory, which the simulation

altitude uses. Depending on these parameters each second a new location
is calculated. Derivatives as speed acceleration/deceleration
(Aspeed), yaw rate (Atrack) and vertical speed (Aaltitude) are
calculated adequately to capture changed target values.
If any of the target values is updated while the simulation is
running, the Submit>>-button becomes enabled. The changed
target value will only become effective once the Submit>>-button
is clicked.

Submit changed parameters This button allows enables changing target values for speed, track
or altitude. More than one changed target value can be activated
by one click on the button.
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Joystick usage on/off switch Alternatively, the joystick can be used to simulate the flight
trajectory. This checkbox activates reading the primary four
joystick axes to determine the following four trajectory properties:
speed-forwards, speed-sidewards, Atrack and Aaltitude.

Prior to joystick usage the joystick needs to be configured.

Joystick configuration button ~ With this button the joystick configuration popup window can be

opened.

Joystick configuration popup window

With this popup window the joystick can be configured:

Joystick Configuration ﬂ
Select a device as joystick: | EELY W -
Calibration
1. Step: Center all axes and press this button: Capture Centered State

2. Step: Move the pitch zods to the maximum forward position and press this button:
3. Step: Move the bank ads to the maximum right position and press this button:
4. Step: Move the yaw axis to the madmum right position and press this button:

b. Step: Move the throttle axis to the full power position and press this button:
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The following procedure is needed to configure all the axes:

1. First select the joystick in the drop down box.
Follow the instruction of Step 1 until Step 5 and press the respective button to define and measure
each axis.

3. After the pitch, bank and yaw axis have been defined (Step 2 to Step 4) the minimum configuration
has been reached and the red indicator at the top becomes green:

Joystick Configuration n
Select a device as joystick: | BB ] -
Calibration
1. Step: Center all axes and press this button: Capture Centered State

2. Step: Move the pitch axis to the madmum forward position and press this button:
3. Step: Move the bank axis to the maximum right position and press this button:
4. Step: Move the yaw ads to the maxdmum right position and press this button:

5. Step: Move the throttle ads to the full power position and press this button: Capture Full Throttle State

Accept And Save

4. The throttle (Step 5) can be defined optionally. This allows to use joysticks with only three axes. The
limitation is lack of altitude control.

5. Atany time, the whole procedure can be reinitiated by capturing the centered state again.

6. Once calibration is complete, click on the “Accept And Save”-button.
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7.2.5 Main screen — replay flight from log file

B ( Load replay file button
yA( Loaded replay file

Elapsed time indication ]

Total data records

Load Replay File... C:M\Program Data“Hight Zoomer' 201 5-08-08T18-05-32 Fight Zoomer-S F-ALUAWFF-FZted-cols csv

Run and replay file of earier flight: [ | | |HII‘ | L] | | 2] |
4

e yA! Current record entry textbox
Play/pause button Ji}
(:P( One step forward button

P One step backward button

Element Purpose

Load replay file button This button opens a file selection popup window which allows
selecting a flight log file from an earlier flight.

n Loaded replay file This read-only textbox shows the path and name of a loaded
flight log file.

n Stop button This button stops the playback and resets the current index.

n Play/pause button Start playback of the loaded flight log file. Repeated clicks
toggle between playing back and paused.

One step backward button Allows single step backward movements while the playback is
stopped or paused. The current record and the elapsed time
indication will be updated accordingly.

One step forward button Allows single step forward movements while the playback is
stopped or paused. The current record and the elapsed time
indication will be updated accordingly.

7/ | Current record entry textbox Allows to specify the exact record number while the playback
is stopped or paused. The elapsed time indication will be
updated accordingly. Playback will continue exactly at the
specified record.

Total data records This read-only textbox shows the total number of data records
in the loaded file.
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Elapsed time indication The elapsed time indication shows the duration since the
beginning of the replayed file.

7.2.6  Main screen — navigation data

sl Manage navigation data...
y I Push navigation data

Manage Mavigation Data... | |Pud|NauigaimDila ‘

Element Purpose

‘[ Manage navigation data This button opens a popup window which allows management
of the navigation data (create, update or delete navigation
aids, airports or runways).

n Push navigation data Forces updated navigation data to be sent to the

groundstations.
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7.2.7 Navigation aid drawing map — overview

With this popup window the navigation data is managed. Navigation aids, airports and runways can be
added, updated or deleted. Details about the navigation aids data model can be found in chapter 5.6.

L. . Navaid Drawing Map e < |
iRl Show aerial image view

LTS et -
b2l Show topography view \ ‘Sl Navigation aid symbols
Map center marker Kk} ' &=y - )

<

9)

L3 Add navigation aid

E.

3 0 73 Push navigation data V!
[l Add airport '
% Edit data in text editor... ik}
yAl Add runway ;
Print navigation datasheet... Jil W]

Add Navigation Aid... Add Aiport Add Runway. Zoom In + Zoom Out - L] lt Posttion Duplicated Fr i Print Navig: Data... | | Edt ion Data... Push Navig: Data

1
E@uplicated frequencie9

Live position

Zoom in button
Zoom out button

Element Purpose
Show aerial image view This button shows the aerial image view (default).
Show topography view This button activates the topography view (see below for a

screenshot). The topography view shows the contour lines
which allow the user to determine the elevation of navigation

aids.
Map center marker The map center marker needs to be placed correctly (by
moving the map) before one of the add-... buttons is clicked.
Navigation aid symbols Added navigation elements (navigation aids, airports or

runways) are shown on the map with one of these symbols:

Navigation aid symbol

Airport symbol

Runway symbol

By clicking on any of these symbols, the property view opens
on the right side of the screen (see chapter 7.2.9).
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Add navigation aid This button adds a navigation aid at the coordinates where
map center marker is positioned.

Add airport This button adds an airport at the coordinates where map
center marker is positioned.

Add runway This button adds a runway at the coordinates where map
center marker is positioned.

Zoom in button This button scales up the shown area on the screen.

Zoom out button This button scales down the shown area on the screen.

Live position By clicking on this checkbox, the map center starts following

any reported location from a connected sensor device. It does
not show position of the simulation, if running.

Duplicated frequencies This buttons opens a small popup window which shows any
duplicated frequencies. This information enables detection
and correction of frequencies, which have been assigned two
or more times:

Duplicated Frequencies

The following data records have duplicated frequencies:
Mavaid=5T5; Freq=112.30

Mavaid=FCH; Freq=112.50

Mavaid=WW1; Freq=110.30

Airport=L55C; Runway=04; Freq=102.10

Airport=L5BZ; Runway=09; Freq=108.10

Airport=L5TH; Runway=11; Freq=108.10

oK

Print navigation datasheet... This button allows printing a cheat sheet which lists all
navigation aids, airport and runways.

Edit data in text editor... This button opens the text files of the navigation database in
text editors.

Push navigation data Forces updated navigation data to be sent to the attached
groundstations again (the same functionality as on the main
screen).
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7.2.8 Navigation aid drawing map — topography view

Alternatively, to the aerial image view, the topography view can be activated:

Navaid Drawir

- N\
Show aerial image view )

(Show topography ViEVD
7. 7 \ .

82014 ESRI - Map data 82014 ArcGIS

Add Nevigation Ad... | | AddApor.. || AddRuway. | |  Zomin+ || ZoomOw- | [ lvePoston | Duplcated

Element Purpose
Show aerial image view This button shows the aerial image view (default).
Show topography view This button activates the topography view (see below for a

screenshot). The topography view shows the contour lines
which enable determination of the elevation of navigation

aids.

B Contour lines This view shows lines of equal elevation.

n Contour elevation The elevations of the major contours are printed on the map
as well (in meter).
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7.2.9 Navigation aid drawing map — property view

By clicking on an existing navigation element or by add a new navigation element, the properties are shown
and the center mark is placed on the selected navigation element:

N3 Drawing Map - oliEl

i Type of shown element Jil!

. . = & B ing To Airport
Show categorized list Jilivl ot R LsTH

Center Location
Center Latitude 46.7106628810395

. . Center Longitude 7.71872162818909
5 Show alphabetical list Jie} o eyt
- itude [m]

Primary Direction 110

Runway Length [m] 20
Primary A ach

PProa«
. . . . Pnmary Glideslope Angle [1 20
Properties in categorized or alphabetical order R\ Primary Gideslope Interceptor 700
- Y’ Primary ILS Frequency 108.10
! | 3 5

Primary Runway ID 1
Reverse Approach

Reverse Glideslope Angle [[] 20
Reverse Glideslope Interceptic 700

oge N o Reve ILS Fr 108.90
Additional info for selected property 2l Fovens Farny 0 © 128
Runway

A, |
Filename C:\ProgramData'\FligJt Zoomer\Na

Altitede, [m]
Altitude in mee

Relocate Save | Delete Cancel

Add Navigation Aid... Add Aiport. Add Runway. Dupli Sa\le Changes g E@Nawgaﬂ% Push aw%ata
G)elete navigation elemenDd

(Cancel property vie\AD

Element Purpose

Type of shown element This text label shows the type of the selected navigation
element.

Show categorized list List the properties in categorized order.

Show alphabetical list List the properties in alphabetical order as follows:

635
Assigned To Airport LSTH
Center Latitude 46.7106628810395
Center Longitude 7.71872162818909
Filenama C:\ProgramData"Fight Zoomer Navi
Frimary Direction 110

Frimary Glideslope Angle [] 20
Primary Glideslope Intercepti 700
Primary ILS Frequency 108.10
Primary Runway [D 1
Reverse Glideslope Angle [ 20
Reverse Glideslope Intercep 700
Reverse ILS Frequency 108.90

Reverse Runway D 29

Rurway Length [m] 20
Properties in categorized or The property list itself. Any property of the selected
alphabetical order navigation element is shown.

The properties can be defined or changed by clicking on the
property and entering the correct value.
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For some properties the possible list of values is presented in
a drop down box.
Some properties are read-only.

Additional info for selected If a particular property is selected, additional information is
property shown on this panel at the bottom of the property list.
Relocate navigation element This button enables storing a different location for a

navigation element. Proceed as follows:

Move the map until the center mark is at the new location for
the selected navigation element.

Click on the Relocate button.

Click on the Save button to store the changes.

Save changes With this button changed properties can be saved.
Delete navigation element This buttons deletes the selected navigation element from the
navigation database. Before the deletion is executed a
confirmation popup window appears.

n Cancel property view This button closes the property view without storing any
changes.

Special properties

The following list of properties offers not just a plain textbox but a list of the possible values presented in a
drop down box:

Property Purpose

Frequency The dropdown list presents all available frequencies in the air
(navigation element: navigation VHF band 108.00 to 117.95, which have not been
navigation aid and airport) assigned to another VOR in the database:
1 n=anre bl Wl IUHI\:IIIIUCIL\:I %l IIHI LNz siNay
113.40 v
D 112.80 A
4 Navigation Aid Type |112.35
Type 112.50
112.55
113.00
113.05
113.10
11315
113.20
113.25
113.30
113.35
E— HEEETR
Frequency in this format NNN.N‘_\&.
108.00 and 117.95

Primary ILS Frequency and The dropdown list presents all available frequencies in the ILS
Reverse ILS Frequency band 108.00 to 111.95, which have not been assigned to
(navigation element: runway) another ILS in the database:
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Frimary (Slideslope Intercepti FUU

Primary ILS Frequency 108.10 E
Primary Rurway 1D 108.10 A~

4 Reverse Approach 108.15
Reverse Glideslope Angle [ 108.20
Reverse Glideslope Intercep 108.35
Rewverse ILS Frequency 108.50

Reverse Runway [D 108.35

. e e
Fil :

ilename 108.90

108.95

Primary ILS Frequency 109.10
Frequency in this format MNM.MI 105,15

108.00 and 111.95 108.30 .
I I I & T T T T T
Assigned to airport The dropdown list enables selecting one of the available
(navigation element: runway) airports to assign the runway to:
E‘ £F | L=
4 Belonging To Airport
LSTH v
4 Center Location LS5C
Center Latitude LSWH
Center Longitude LSMF
4 Common Runway Attrib L5HG
Altitude [m]

Primary Direction

BEvimsrzar | ameatks Tl 1
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7.3 FlightZoomer Groundstation-app

The FlightZoomer Groundstation-app is the second app that belongs to FlightZoomer. It runs on a
smartphone, which serves as cockpit to the pilot of an RC aircraft. The app displays the sensor data which is
received and forwarded from the onboard sensor device.

The additional features are:

- Cockpit instruments with primary- and navigation-display.

- Design and features modeled after the Boeing 787 Dreamliner.

- Synthetic voice output for pilot guidance (“Barking Bob”-feature).
- Radio navigation (based on virtual radio beacons).

- Instrument Landing System.

- Flight Management System for flight planning.

7.3.1 Welcome screen

FLIGHTAOOMER GROUNDSTATION

weycome screen

Select reldy server;

|\ startFlight..

This screen is shown in order to add or modify a relay server.

Element Purpose

Relay server selection  This selection box shows the currently selected relay server. The box is
box empty as long as no relay server has been defined.

Collapsed options Pressing on the collapsed menu symbol will show the full menu (see
menus chapter 7.3.2).
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Add relay server The app enables configuration and storage of an unlimited number of relay
servers. This button opens a menu to define and add a new relay server. A
relay server definition is a combination of a plain text name, an URL (or an
IP address) and a port number.

Pressing on the button opens the screen as described in chapter 7.3.3.

Modify relay server This button opens a menu to modify the relay server displayed in the
selection box.

Pressing on the button opens the screen as described in chapter 7.3.3.

Delete relay server This button deletes the relay server displayed in the selection box from the
list of stored relay servers.

7.3.2 Welcome screen with options menu expanded

11:23

FLIGHTZOOMER GROW| '§

We|COI'T options...

info...

]

Select relay server:

WAN

CHONO

/

Element Purpose
Options... This menu command opens the options screen.

Pressing on the buttons opens the screen described in chapter 7.3.4.
Info... This menu command opens the info screen, which shows the version, the

build date and links for support purposes.
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7.3.3 Add/modify relay server screen

w¥a 617

FLIGHTZOOMER GROUNDSTATION

add relay server

Name

[Define name of relay server]

Network Address

[Enter URL or IP Address]

User hints:
The name of the Relay Server can be

hosen frealy by the user. It will be made
available in the dropdown box on the main
page.
The address can be IPv4 or IPv6 or a URL.
Ports need to be separated by a "' from the
address part.

Element Purpose

Name text box This text box enables definition of the name of the relay server. The name
of the relay server can freely be chosen by the user. It will be available in
the selection box on the welcome screen.

Endpoint address This text box enables definition of the IP address (IPV4 or IPV6) or a URL
for the relay server. In addition, the destination port can be specified (if it
is missing 57778 is taken as default). If specified, the port must be
separated by a colon-character (:) from the IP address/URL.

The FlightZoomer Sensorics App will connect to this endpoint when
building up UDP connectivity with the relay server.

Save button Store the definition/changes.
Cancel button Leave this screen without saving the definition or modification.
User hints Usage and instruction summary
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7.3.4 Options screen

The options screen can be opened from the options...-menu command on the welcome screen. It allows
manually setting the standard (average) turn rates. These values can also be determined automatically by

the flight test feature (see chapter 7.3.11).

FLIGHT{OOMER GROUNDSTATION

turn rates

(L]

Average time in seconds for a 360° turn:

To the right: seconds

To the left: seconds

Element Purpose

Turn rates Currently there is only the turn rates-options screen.

Right turn rate The standard right run rate is the duration in seconds of a 360° right turn.
There is a separate setting for the left turn rate (see below).

Left turn rate The standard right run rate is the duration in seconds of a 360° left turn.

There is a separate setting for the right turn rate (see above).
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7.3.5 Main screen — overview

Selectable panel bar

ALT REF

Primary Flight Display PFD Navigation Display ND
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7.3.6 Selectable panel bar — overview

The selectable panel bar gives quick access on the various features of the app. By pressing on the capital
letters the associated panels can be opened and collapsed again.

[arrer ()5 [ vorL ILS VORR

Element Purpose

Mode control panel Pressing on the M-button opens the mode control panel.
selector

Display control panel  Pressing on the D-button opens the display control panel.
selector

Flight Management Pressing on the F-button opens the Flight Management System.
System selector

Image offset panel Pressing on the I-button opens the image offset panel.
selector

Flight test panel Pressing on the T-button opens the flight test panel.
selector

Using the selector buttons on the selectable panel bar any panel can be opened at any time regardless
which panel currently is selected. At any time only one selectable panel can be open. The screenshot above
shows the selectable panel bar with all panels collapsed so only the selector buttons themselves are visible.

Pressing on a selector button once opens the associated panel. Pressing on the same selector button a
second time collapses the associated panel again and returns to the presentation as shown in the
screenshot. Pressing on another selector button opens the associated panel and collapses the panel which
was shown before.

Opening an associated panel typically means that the selected panel is shown in the selectable panel bar
beside the selector button. If Fis pressed (for FMS) also the lower area of the screen is changed in order to
slide in the Flight Management System.
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The following diagram shows how any panel can be reached from any other panel:

L ]

7.3.7 Selectable panel bar — mode control panel

The mode control panel allows switching on and off the Flight Lock mode from the groundstation (as an
alternative from using the Flight Lock mode switch on the Sensorics-app). This is useful if there is no easy
access to the sensor device while it is mounted on the aircraft.

The Flight Lock mode is also coupled with the armed mode of the Ardupilot firmware via MAVLink so
alternatively it can be activated also using the RC transmitter.

The FlightZoomer functionality which goes along with Flight Lock mode is locking the screen of the sensor
device for user input and starting to record flight data (on the relay server).
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As airworthiness is not given unless the Flight Lock mode is switched on, the mode control panel is colored
with eye-catching signal colors (yellow and black) prior Flight Lock activation. This also applies to the
selector button if the mode control panel is collapsed:

Mode control panel Flight Lock not active Flight Lock active

@ END FLIGHT MOD

(3

The mode control panel in unlocked condition looks like this:

ALT REF

LOCK FOR FLIGHT This button can be used to toggle the Flight Lock mode. The command is
button propagated to the Sensorics-app and puts the entire system into flight
readiness. Once the Flight Lock mode is activated, the background of the
panel becomes grey and the caption of the button changes to
END FLIGHT MOD.

CONFIRM UNLOCKED  This button overrides the Unlocked Flight Protection feature (see below).
button This can be useful if aircraft movements are simulated by the relay server.

Status text This text label is only shown while a mode switch has been requested and
for the time until the mode has changed.

Unlocked Flight Protection

This panel can not only be opened manually by pressing on the M-panel selector button, but there is also
the Unlocked Flight Protection-feature which prevents flying with the Flight Lock mode not activated. This
protection automatically switches to the yellow mode control panel if the Flight Lock mode is not active
and the sensor device starts reporting movements.
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7.3.8 Selectable panel bar —display control panel

The display control panel is modelled after the EFIS ND Control Panel, which is located on the glareshield of
the real Boeing 787:

On this panel the appearance of the Navigation Display can be controlled.

DISRLAY C ONTROL
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Element Purpose

Increase map By pressing repeatedly on the upper half of the CONTRAST control, the
brightness brightness of the terrain on the Navigation Display increases. At maximum
brightness the Navigation Display appears like this:

Decrease map By pressing repeatedly on the lower half of the CONTRAST control, the
brightness brightness of the terrain on the Navigation Display decreases. At minimum
brightness the Navigation Display appears like this:

Switch on/off terrain By pressing on this button the terrain can be switched on/off. Without
data (map) terrain the Navigation Display appears like this:
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Navigation Display
MAP mode

Navigation Display
PLAN mode
I Track Lock mode

Decrease range

Increase range

By pressing on the MAP label the Navigation Display MAP mode is
activated. In this mode the compass rose is shown, the aircraft symbol is a
triangle which always points upwards while the whole map rotates to
indicate the current direction (heading or track in Track Lock mode):

By pressing on the PLAN label the Navigation Display PLAN mode is
activated. In this mode the compass rose is hidden, range circles are shown
instead, the aircraft symbol is shaped like an aircraft which rotates
according to the current direction (heading or track in Track Lock mode)
while the whole map always stays fixed with north pointing upwards:

By pressing on the TL-knob the Track Lock mode can switched on and off.
The Track Lock mode determines whether the heading (compass) or the
track (from GPS) is taken as source for the current direction. The green
label beside the current direction indicates whether the Track Lock mode is
active:

Track Lock mode (label = TRK): Heading mode (label = HDG):

ILS
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Further information about the Track Lock mode can be found in
chapter 8.1.5.

By pressing on the left half of the RANGE control, the range (zoom) of the
Navigation Display decreases.

By pressing on the right half of the RANGE control, the range (zoom) of the
Navigation Display increases.
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7.3.9 Selectable panel bar — Flight Management System (FMS) control panel

The Flight Management System (FMS) control panel is modelled after the FMS, which is located on the
forward aisle stand in the real Boeing 787:
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While on the Flightzoomer Groundstation-app the controls are arranged somewhat differently, the main
features of the generic user interface are there:

INIT/REF INDEX
COMPASS FILTER >|

" <RTE MEDIUM

SPD UNITS >|
" <FIX KMPH (km/h) F

ALT/DIST UNITS >|
“| <NAV RAD METER [

PREV NEXT
PAGE PAGE

&
Dws1"" , Qsst

/
EXEC "1

The FMS is described in detail in the chapters 7.3.21 to 7.3.28.
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7.3.10 Selectable panel bar — aerial image offset panel

In some case the satellite images lack accuracy. If this is the case typically there is a constant offset
between the real and the displayed location. The aerial image offset panel enables a constant offset to the
terrain images to correct any given offset. As long as the aircraft stays in the same area, a constant offset is
sufficient to correct any position error. This means that a particular offset setting can be kept as long as
flying happens in the same area.

This panel controls the offset in meters of the shown location on the map. The offset only affects the
positioning of the terrain. The navigation data symbols are not shifted relative to the aircraft position.

AERIAL IMAGE OFFSET
Longitude

Reset

Latitude

ALT REF

Element Purpose

Reset button Reset the offset to 0.0m/0.0m

Decrease horizontal offset  Decrease the horizontal offset by 5m (larger arrow) or 0.5m (smaller
arrow).

Current horizontal offset This readout shows the current horizontal offset in Meter.

Increase horizontal offset  Increase the horizontal offset by 5m (larger arrow) or 0.5m (smaller
arrow).

Decrease vertical offset Decrease the vertical offset by 5m (larger arrow) or 0.5m (smaller
arrow).

Current vertical offset This readout shows the current vertical offset in Meter.

Increase vertical offset Increase the vertical offset by 5m (larger arrow) or 0.5m (smaller
arrow).

107



7.3.11 Selectable panel bar —flight test panel

As explained earlier (chapters 1, 6.4.3 and 6.5.2) the standard turn rates in both directions can either be set
manually in the Options...-menu (see chapter 7.3.4) or be determined automatically by the flight test
feature.

The flight test panel supports the execution of the flight test.

The test consists of flying a steady turn and measuring the time it takes until the initial course is reached
again. Thus the turn rate is defined as the time to complete a full 360° turn. The test has to be flown in both
directions separately so (slightly) different result should be expected.

FLIGHT TEST
Turh Rate [seconds/360°]

Element Purpose

Right standard turn This is a read-only textbox initially but after a successfully completed test
rate/test state contains the currently defined right standard turn rate.
During a running right turn test the display changes to “Msrg..:”
concatenated by the already passed turn angle in degrees.
If the test fails, the text changes to “Failed...”.
If the test did not complete because the turn has been interrupted the text
changes to “Discontinued...”.

Start right turn test This button initiates a right turn test. The test procedure looks like this:
1. Initiate a steady right turn, preferably with a reproducible and
consistent yaw command (see also chapter 6.5.2).
2. Press this button to start the test.
Monitor the progress of the test on the display.
4. Once the 360° turn is over the test automatically ends and the
result is shown in the test state display.

w

Left standard turn This is a read-only textbox initially but after a successfully completed test
rate/test state contains the currently defined left standard turn rate.
During a running left turn test the display changes to “Msrg..:”
concatenated by the already passed turn angle in degrees.
If the test fails, the text changes to “Failed...”.
If the test did not complete because the turn has been interrupted the text
changes to “Discontinued...”.
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Start left turn test This button initiates a left turn test. The test procedure looks like this:
1. Initiate a steady left turn, preferably with a reproducible and
consistent yaw command (see also chapter 6.5.2).
2. Press this button to start the test.
Monitor the progress of the test on the display.
4. Once the 360° turn is over the test automatically ends and the
result is shown in the test state display.

w

7.3.12 Instruments — Primary Flight Display (PFD) — overview

Voice output on/off button Secondary flight status indications

Bank scale

ALT REF button

PROP P/N BAT \J/C/CAP FLIGHT MODE
433.5W/65% 15.6V/27.7A/4736 / STABILIZE Altitude scale

=

|— 200

Speed scale

Altitude target mark

Current speed

Altitude trend vector

Target speed mark

Current altitude

Aircraft symbol Ground elevation indication
Pitch scale
Elapsed time

Element Purpose
‘. Voice output on/off This buttons allows switching on and off the synthetic voice output

button (Barking Bob feature). For more details, see chapter 7.3.29.

Speed scale The speed scale moves vertically in order to keep the current speed at the
center.

Current speed The current speed indication shows the momentary groundspeed in the
unit chosen on the INIT page of the FMS (see chapter 7.3.23).

Target speed mark The target speed mark indicates the target speed which was defined for

the current flight plan (see chapter 7.3.24).
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Aircraft symbol

Pitch scale

Secondary flight
status indications

Bank scale

ALT REF button

Altitude scale

Altitude target mark

Altitude trend vector

Current altitude

Ground elevation
indication

Elapsed time

The aircraft symbol consists of two wings and indicates the position of the
aircraft in relation to the artificial horizon.

The pitch scale indicates the pitch angle of the aircraft. On the screenshot
above the aircraft is tilted downward by 7°.

At the top and the bottom (left) of the display a number of secondary flight
parameters and status information are displayed. The following data is
shown:

Propulsion power [W] / propulsion power [%]

Battery voltage [V] / current [A] / remaining capacity [mAh]
The remaining battery is calculated from charged battery capacity as
entered on the PERF page in the FMS.

The current flight mode from the (Ardupilot based) flight controller as
received via MAVLink

Vibration in the X or Y axis (horizontal, the larger value of the two is
shown) /
Vibration in the Z axis (vertical)

The pitch scale indicates the pitch angle of the aircraft. On the screenshot
above the aircraft is banked left by 8°.

The ALT REF button allows setting the current altitude as reference ground
elevation. Prior to taking off this button can be used to enforce that the
ground elevation indication matches the actually received altitude.

The altitude scale moves vertically in order to keep the current altitude at
the center.

The target altitude mark indicates the target altitude which was defined
for the current flight plan (see chapter 7.3.24).

The altitude trend vector points to the altitude which will be reached in
three seconds if the aircraft continues to climb or descend at the current
vertical speed.

The current altitude indication shows the momentary altitude in the unit
chosen on the INIT page of the FMS (see chapter 7.3.23).

The crosshatched area represents the ground which moves along the
altitude scale in order to indicate the aircraft altitude above ground. For
altitudes above ground between 0 m to 15 m the indication appears in
amber, above 15 m in white. Above 25 m the ground elevation indication is
not visible.

The reference ground elevation can be set either manually (see ALT REF
button above) or is set automatically according to these rules:

- Ifaflight plan is activated using the EXECUTE button the mean
elevation of all the runways of the origin airports are taken as
reference ground elevation.

- If the flight mode changes to LOCKED and the ground elevation has
not been set earlier, the current altitude is recorded as reference
ground elevation.

The reference ground elevation is always valid for a static spot. It is not

updated according to the actual position of the aircraft.

The elapsed time shows the past time after the activation of the Flight Lock

mode. This time can be interpreted as the duration of the flight because
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activating the Flight Lock mode is intended to happen immediately prior to
taking off.

7.3.13 Instruments — Primary Flight Display (PFD) — ILS mode

The ILS (Instrument Landing System) allows approaching a runway on the extended runway center line (see
chapter 5.6.3). In real world aviation an ILS consists of a localizer which provides directional feedback (how
is the aircraft positioned horizontally vs the runway center line) and the glideslope which provides altitude

feedback (how much does the aircraft deviate vertically from the glideslope).

FlightZoomer simulates this system using the following components:

- The navigation database which contains user defined runways and ILS approaches (see
chapter 5.6.3)

- The NAV RAD page on the FMS which allows the selection of an ILS approach by tuning to the
desired frequency (see chapter 7.3.28)

- The deviation and status indications which are shown on the Primary Flight Display during the
actual approach, described in this chapter.

The following screenshots show the ILS specific indications on the Primary Flight Display. The ILS specific
indications are only visible, if the navigation receiver has been tuned to the primary or reverse ILS

frequency of a runway (see chapter 7.3.28) and the ILS mode has been activated on the Navigation Display
(see chapter 7.3.15).
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ALT REF

Inner Marker

ALT REF
Middle Marker

Outer Marker

Glideslope deviation scale

Glideslope pointer

Localizer deviation scale

Localizer pointer

Outer Marker While overflying the Outer Marker the “OM”-symbol is flashing.
Additionally, a 400 Hz tone is beeping. Further details see below.

Middle Marker While overflying the Middle Marker the “OM”-symbol is flashing.
Additionally, a 1300 Hz tone is beeping. Further details see below.

Inner Marker While overflying the Inner Marker the “OM”-symbol is flashing.

Additionally, a 3 kHz tone is beeping. Further details see below.

Glideslope deviation The glideslope deviation scale indicates how much above or below of the
scale glideslope the aircraft currently is.

Glideslope pointer The glideslope pointer moves up and down on the glideslope deviation
scale. If the pointer is above the center, the aircraft flies lower than the
glideslope. If the glideslope is captured from below the pointer initially
sticks to the top of the scale and then moves steadily to the center the
closer to the glideslope the aircraft gets.

Localizer deviation The localizer deviation scale indicates how much to the left or to the right
scale of the extended runway center line the aircraft currently is.
7/ Localizer pointer The localizer pointer moves left and right on the localizer deviation scale. If

the pointer is on the left side, the aircraft is flying too much to the right. If
the localizer is captured from the right side the pointer initially sticks at the
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left end of the scale and then moves steadily to the center the closer to the
runway center line the aircraft flies.

Marker beacons

In real world aviation the marker beacons are providing aural and visual feedback about the progress of an
approach. There are three marker beacons, the outer being placed between 6.5 and 11 km from the
runway threshold, the middle being placed at a distance of 3500 ft from the runway threshold and the
inner being placed very close to the runway (at Cat Il minima).

FlightZoomer marker beacons are placed at the following distances:

- Outer marker beacon: where the capturing altitude intersects the glideslope (see chapter 5.6.3).
- Middle marker beacon: at half of the approach.
- Inner marker beacon: at about 20 ft before the threshold.

The marker beacons represent a vertical cone and while flying through that cone, the respective tone is
beeping and the respective symbol on the navigation display flashes:

7.3.14 Instruments — Primary Flight Display (PFD) — Flight Director mode

In the cockpit of real aircraft, the flight director consists of vertical and a horizontal bars which are
displayed on the Primary Flight Display. These bars indicate to the pilot the exact pitch and roll steering
commands which are needed e.g. to let the aircraft follow the programmed flightplan. A semi-automatic
autopilot so to speak: the system tells the pilot how to manipulate the control stick.

The real 787 flight director bars look like on the following extract from the Boeing Crew Operation Manual.
In this example the pilot currently needs to apply some roll-right and pitch-up corrections:
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B Airplane Symbol
Indicates airplane attitude with reference to the IRS horizon.
PFD Steering Indications

Note: Refer to Chapter 15, Warnmg Systems, for TCAS PFD Vertical Guidance
and Alerts Displayed on the PFD.

[Option — Split cue, Horizon line heading scale]

IEE Flight Director Pitch and Roll Bars

Indicates flight director pitch and roll steering commands.

This concept has also been replicated with FlightZoomer with the goal of assisting the pilot to follow the
flightplan. The appearance is somewhat different but the principle is the same.

The following image shows the appearance of the FlightZoomer flight director at the bottom of the Primary
Display. The flight director is only visible while LNAV is switched on (a flightplan is being followed):
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The following image shows the two modes of the FlightZoomer flight director:

ALT REF

Enroute straight leg countdown timer Enroute turn countdown timer

ALT REF

Element Purpose

‘. Enroute straight leg This timer counts down the seconds of the current straight leg while
countdown timer approaching the next turn.
Important: the system does not guide the pilot to apply the small
corrections needed to follow the deviations which always occur following
the straight line. The system only shows the remaining seconds until the
next turn needs to be initiated (considering the exact current flight path).
For the small corrections the pilot should refer to the Navigation Display.
The displayed text pattern is:
| [RS] |
[RS] = remaining time of the current straight leg in seconds. No places after
the decimal point.

Enroute turn The turn countdown timer indicates how long the current turn needs to be
countdown timer continued until the correct course for the next leg is established. The
calculation of the remaining turn time is based on the standard turn rate.
For further information about the standard turn rate refer to chapter 7.3.4
and 7.3.11.
The displayed text pattern is either:
>>> [RT] >>> or <<< [LT] <<<
[RT] = remaining right turn time in seconds. One digit after the decimal
point.
[LT] = remaining left turn time in seconds. One digit after the decimal
point.
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7.3.15 Instruments — Navigation Display (ND) — overview

The Navigation Display offers situational awareness to the pilot. Additionally, there are several switches
which provide control over the autoflight modes and settings.

The following screenshots shows the layout of the Navigation Display:

Autoflight control
switches

See chapter 7.3.17
Moving map display

See chapter 7.3.18

7.3.16 Instruments — Navigation Display (ND) — basic settings

The appearance of the Navigation Display can be controlled by the autoflight control switches (see the next
chapter). Additionally, the following basic settings can be controlled by the display control panel:

Map brightness (see chapter 7.3.8)
Terrain on/off (see chapter 7.3.8)
Track Lock (see chapter 7.3.8)
MAP mode (see chapter 7.3.18)
PLAN mode (see chapter 7.3.18)
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7.3.17 Instruments — Navigation Display (ND) — autoflight control switches

VOR L mode button ILS mode button

VOR R mode button

VOR L

3D/1.7/11

N
Ny
N ¥

Increment Course LNAV mode button

Decrement Course

Activate the previous waypoint Activate the next waypoint

Element Purpose

VOR L mode button Activates radio navigation for the left VOR receiver. The frequency to
which the VOR L receiver is tuned on the NAV RAD page selects the actual
target radio station (for which a radial shall be captured/followed).

By activating VOR L the deviation indicator and DME indications start being
displayed on the Navigation Display.
Pressing this buttons switches off any other active navigation mode.

ILS mode button Activates the ILS approach which by selecting the ILS receiver. The
frequency to which the ILS-GLS is tuned on the NAV RAD page determines
the runway which is approached.

By activating ILS the deviation indicator and DME indications start being
displayed on the Navigation Display. Additionally, the Primary Display
changes into ILS mode.

Pressing this buttons switches off any other active navigation mode.

VOR R mode button Activates radio navigation for the right VOR receiver. The frequency to
which the VOR R receiver is tuned on the NAV RAD page selects the actual
target radio station (for which a radial shall be captured/followed).

By activating VOR L the deviation indicator and DME indications start being
displayed on the Navigation Display.
Pressing this buttons switches off any other active navigation mode.

Increment Course Pressing this button increments the course of the expected radial on which
a radio beacon can be approached.
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Decrement Course Pressing this button decrements the course of the expected radial on
which a radio beacon can be approached

LNAV mode button The precondition for using LNAV is an activated flightplan. Pressing the
LNAV button activates the mode, where the active flightplan is followed.
Pressing this buttons switches off any other active navigation mode.

Activate the previous  Pressing this button while following the flightplan causes the active

waypoint waypoint to be set to the previous waypoint.
Activate the next Pressing this button while following the flightplan causes the active
waypoint waypoint to jump to the next waypoint.

7.3.18 Instruments — Navigation Display (ND) — moving map display

The Navigation Display has four basic combinations regarding the presentation of the directional
information. The following matrix shows vertically the two sources for directional information (track over
ground and magnetic aircraft heading) and horizontally the two basic modes (MAP and PLAN):

MAP mode PLAN mode

In MAP mode the aircraft symbols In PLAN mode the map stays fixed and
always point exactly upwards. The map  North is always pointing upwards. The

is rotated to show the flying direction aircraft symbol is rotated to show the
over ground (derived from GPS). flying direction over ground.

Instead of showing the track over Instead of showing the track over ground
ground the map is rotated to show the  the aircraft symbol is rotated to show the
aircraft heading. heading.
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[Option - MAP mode, Track over ground directional source]

In MAP mode the current track over ground is shown exactly upwards and the map does rotate accordingly.
The heading information is not provided.

TRK mode label Current track

Compass rose

GPS status
Increase range

Decrease range

Turn trend line
Zoom range mark

Navigation aid

Airport and runway

Aircraft symbol

Position error circle

Element Purpose

- TRK mode label This label indicates the source for the directional information either by
showing TRK or HDG. TRK means that the track over ground is shown.
n Current track The current track over ground as a 3 digit number with the range 0...360.
n Compass rose The compass rose rotates around the aircraft location.
GPS status At the top left the current GPS status information is displayed (this only

applies to the GPS information coming from MAVLink). The following
information is there:

ST/HDOP/CNT
GPS Status / reported HDOP / satellite count
n Decrease range Pressing this overlay button zooms into the map.
n Increase range Pressing this overlay button zooms out of the map.
7/ | Zoom range mark The zoom range mark gives an indication about the current scale of the

map. The figure is the distance between center of the map and the white
small horizontal mark beside the figure. The distance from the center to
the compass rose is the double of this distance.

The units are always metric.

The following range values can be selected:
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- 6.5m; 15m; 30m; 50m; 75m; 100m; 150m; 200m; 300m; 400m;
500m; 700m; 1000m; 2000m; 3000m; 5000m; 50km; 500km;

3000km
n Turn trend line This line indicates the flown radius if the current turn rate is maintained.
Navigation aid On the map all the navigation aids are displayed. Beside printing the ID of
the navigation aid the following symbols are used:
- VOR, GPS FIX o
m Aircraft symbol The aircraft symbol is a white triangle.

Position error circle A yellow circle shows the estimated position error (HDOP if the flight
controller is the source).

Airport and runway On the map also all the airports are displayed. Beside printing the CODE of
the airport the following symbols are used:

- Airport (o)
- Runway (showing length and direction) -

[Option - MAP mode, Heading directional source]
In this mode the current magnetic heading of the aircraft is shown exactly upwards and the map does

rotate accordingly. The track information is provided by the track indicator.

HDG mode label Current heading

Track indicator

Element Purpose

HDG mode label This label indicates the source for the directional information either by
showing TRK or HDG. HDG means that the heading is shown (where is the
aircraft’s nose pointing to).

Due to side wind components the actual track above ground can differ
from the heading.
n Current heading The current heading as a 3 digit number with the range 0...360.

n Track indicator The track indicator shows the track over ground as additional information.
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[Option - PLAN mode, Track over ground directional source]

In PLAN mode the aircraft symbol does rotate according to the current track over ground and the map stays
fixed with north pointing upwards. The heading information is not provided.

The following description only highlights the differences to the MAP mode. The range control buttons and
the symbols stay the same.

TRK mode label Current track

Range circles

30/1.7/11

Aircraft symbol

Element Purpose
- TRK mode label This label indicates the source for the directional information either by
showing TRK or HDG. TRK means that the track over ground is shown.
n Current track The current track over ground as a 3 digit number with the range 0...360.
n Range circles The range circles are centered at the aircraft position and show zoom
range and the double zoom range.
| Aircraft symbol In PLAN mode the aircraft symbol looks like the silhouette of an aircraft.
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[Option - PLAN mode, Heading directional source]

In this mode instead of the map the aircraft symbol does rotate according to the current heading. The map
is fixed with north pointing upwards. The track information is provided by the track indicator.

HDG mode label Current heading

30/1.7/11

Track indicator

Element Purpose

HDG mode label This label indicates the source for the directional information either by
showing TRK or HDG. HDG means that the heading is shown (where is the
aircraft’s nose pointing to).

Due to side wind components the actual track above ground can differ
from the heading.
n Current heading The current heading as a 3 digit number with the range 0...360.

|| Trackindicator The track indicator shows the track over ground as additional information.
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7.3.19 Instruments — Navigation Display (ND) — flight plan

[After EXEC, prior LNAV mode activation]

Immediately after pressing EXEC in the FMS, the planned route is displayed on the Navigation Display:

Planned route

[After EXEC, after LNAV mode activation]

After pressing on the LNAV toggle mode button on the right side of the display the actual route is shown
with a darker magenta.

VOR L ILS

Actual route ' ‘ 292
30/1.7/11 , Lv-;l :
\ 111
\4 x !

Next waypoint




Element Purpose

Planned route The planned route is shown with a magenta line. The turn radius is derived
from the planned cruise speed (as entered on the RTE page of the FMS)
and the standard turn rate as either entered on the Options screen (see
chapter 7.3.4) or determined by flight testing (see chapter 7.3.11).

Actual route As the flown route often does not precisely follow the planned route
(especially if flown manually), the actual route which approximates the
planned route best is shown in darker magenta in addition.

Deviations from the planned route can be corrected by following the
darker magenta line.

Next waypoint The most important information regarding the next waypoint is displayed

information at the top right corner of the Navigation Display:

- The ID of the navigation aid in magenta letters
- The remaining time in white letters
- The remaining distance in white letters (in display unit)

7.3.20 Instruments — Navigation Display (ND) — radio navigation

Radio navigation allows flying to or from radio beacons. The radio navigation features offered in
FlightZoomer allow en-route navigation using VORs as waypoints or ILS approaches.

Activating radio navigation requires a two-step procedure:

- Tuning the VOR L, VOR R or ILS receiver to particular VOR or ILS frequency and setting the desired
course (on the NAV RAD page of the FMS).

- Activating one of the radio navigation buttons at the top of the Navigation display (VOR L, ILS or
VOR R).

Because the activation happens in the second step using dedicated buttons for each of VOR L, ILS or VORR,
the respective receivers can be tuned at the same time to a suitable radio beacon.
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[Option — VOR L (or R) activated, MAP mode]

Localizer deviation indication

Selected course pointer
Activated VOR information

115.10
CRS 276
DME 232

W
P
T

<rPzZr

VOR L information
VOR R information

TO/FROM indication

[Option — ILS activated, PLAN mode]

ILS

079
s 60—

Tuned ILS information

3D/1.7/11

Approached runway
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Element Purpose

Selected course The selected course pointer shows the direction of the target radial

pointer towards the localizer. It allows flying to (or from) the radio beacon on any
particular radial and not only on the direct course between the aircraft’s
position and the station. This means that if the direct course does not
match the selected course the aircraft first needs to capture the radial.
Very typically this is required flying an ILS approach to capture the
extended runway centerline.

The selected course must be defined on the NAV RAD page on the FMS.
For ILS approaches the selected course must match the runway direction.

At any time the selected course can be fine-tuned using the CRS + and
CRS — buttons on the Navigation Display frame. In this manner, the direct
course to a VOR can be identified.
Localizer deviation The localizer deviation indicator is a magenta bar which moves sideways in
indication parallel to the selected course pointer. The lateral deflection indicates the
closeness to the selected radial towards the localizer.

While the localizer is being captured the deviation indication moves into

the middle until the course pointer and the deviation indicator are in-line.
Activated VOR If one of the VOR receivers is activated for navigation the detail
information information is presented in the top right corner of the display.

This consists of the following parameters:

Active receiver (VOR L or VOR R)

Frequency
VO R« 145,10 Selected course
CRS 280 ' o '
/ DME 232 Distance in display unit
VOR L information Whenever the VOR L receiver is tuned to a valid frequency of a VOR, the

most relevant information is shown in the bottom left corner of the
Navigation display.
The following parameters are shown:

3\
VORI ID of tuned VOR

OR
EOR Distance in display unit

DME 232

This information is also present if none, the other VOR, or the ILS receiver
is activated for navigation.

VOR R information As for the VOR L the information of the tuned VOR R receiver is shown in
the right bottom corner of the display.

TO/FROM indication This text label either shows TO or FROM depending on whether the
selected course is leading away or to the radio beacon (from the
perspective of the current position).

The label appears on the left side if the active VOR is VOR L and on the
right if the active VOR is VOR R.

Activated ILS While approaching a runway using activated ILS the following detail
information information is presented in the top right corner of the display:
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ILS label

Frequency

Selected course

Distance in display unit

Approached runway Symbol for the runway for which the aircraft is on final approach.

7.3.21 Flight Management System — overview

DEST
0ooo) -

DEST ETA
00:00

VORL

ST/HDOP/CNT
3D/2.0/11

PREV NEXT

PAGE PAGE

EXEC

Element Purpose

CDU Display The CDU Display shows the state of
Scratchpad The scratchpad is used for any operation
Keypad
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7.3.22 Flight Management System — CDU (Control Display Unit)

In this chapter the main components and mechanisms of the Control Display Unit are described. More than
90% of the descriptions are copied one-for-one from the Boeing 787 FCOM!

[CDU overview]

172 |
DEST

[oo0g) -

CRZ SPD/ALT DEST ETA
~(26/0000 00:00 ~

Element Purpose

CDU display Displays FMS data pages.
Line select keys Push —
-moves data from scratchpad to selected line
- moves data from selected line to scratchpad
- selects page, procedure, or performance mode as applicable
- deletes data from selected line when “DELETE” displays in scratchpad
Conventions —
- scratchpad must be blank for line select transfer
- data cannot be transferred to a blank line
- a blank scratchpad cannot be transferred to a line
-not all data can be modified
- message displays if inappropriate entries are attempted
-The keys are designated like this:

Scratchpad Displays operator-entered data or operator line-selected data.
- data may be transferred to and from the scratchpad by pushing a line
select key.

- data may also be transferred to the scratchpad while using the PICK WPT
function on the FIX page
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The following operations can always be accomplished the same way using the scratchpad:

Operation  Steps

1. Write the new value into the scratchpad

Press the line select key beside the parameter on the CDU

Ensure that the scratchpad is empty (if not press and hold the CLR key).
Press the line select key that contains the value which will be copied.

Press the line select key beside the parameter where the value will be copied
into.

Press the DEL key -> “DELETE” is written to the scratchpad

Press the line select key beside the parameter which will be deleted/reset.

Lol e

Ensure that the scratchpad is empty (if not press and hold the CLR key).
Press the line select key beside an undefined waypoint -> a list appears which
allows browsing all available waypoints for selection based on the ID.

il ) [=

[CDU page components]

The following screenshots are examples that show the various generic components on the CDU display.

172
DEST

-
CRZ SPD/ALT DEST ETA
-126/0000 00:00 -

LOAD

IDENT
MODEL WEIGHT UNIT

| - Ka
NAY DATA SPD UNIT

| = KMPH (km/h)>

COMPASS FILTER ALT/DIST UNIT
METER> [

MESSAGE TITLE
IN DATABASE

Element Purpose

Page title Subject or name of data displayed on page.

Boxes Data input is mandatory.

Dashes Data input is optional.

Page number Left number is page number. Right number is total number of related
pages. Page number is blank when only one page exists.

Inactive button No supported positions on the display have a blue button outline.

Prompt Display pages, select modes, and control displays. Caret “<” or “>" is

before or after prompt.
CDU help window Displays error/help messages to the crew.
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Color is used as follows:

- black -
o background color of page
- cyan-—
o inactive RTE page title
o inactive button outline
- green-—
o navigation radio data
o active state of two—position and three—position selectors
- magenta — data used by FMC for lateral and vertical flight commands
o active waypoint
o active airspeed
o active altitude

o cursor

o highlight box
- shaded gray —

o input field

- shaded white —

o modifications

o MOD precedes page titles of modified pages
- white — most data

[Function keys]

Element Purpose

CDU function keys Press —
-INIT REF — displays page for data initialization or for reference data.
-RTE — displays page to input or change origin, destination and route.
- FIX — displays page to browse through the navigation aid and airport
database.
-NAV RAD — displays page to view or control navigation radio tuning.
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[Multifunctional keypad]

Element Purpose

Alpha numeric keys Press —
- puts selected character in scratchpad
- Plus Minus (+/-) key — first push enters “-” in scratchpad.
Subsequent pushes alternate between “+” and “-”
Space (SP) key Press — enters space in scratchpad
Slash (/) key Press — enters “/” in scratchpad
Delete (DEL) key Press —enters “DELETE” in scratchpad. “DELETE” can then be applied to
any data input line to delete the current content.
Clear (CLR) key Press — clears last character of data in the scratchpad.
Press and hold — clears all scratchpad data.
ENTER key Not used
Next page Press — displays next page of multiple page displays
Previous page Press — displays previous page of multiple page displays
Execute LED Illuminated (green) — active data is modified but not executed.

Execute (EXEC) key Press (while EXEC light is illuminated green) —
- activates data modification(s)
- extinguishes execute light
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7.3.23 Flight Management System — INIT/REF page (initialization)

The initialization/reference index page allows manual selection of FMC pages. It gives access to pages used
during preflight and is not usually used in flight.

INIT/REF INDEX

Element Purpose

Open IDENT page The IDENT allows the identification of static system parameters.
Additionally, some system configurations can be performed.

Open PERF page The PERF page allows entering actual parameters which are relevant for
performance calculations.

Open FIX page The FIX page enables browsing of the navigation database.

Open RTE page The RTE (route) page enables definition and maintenance of flight plans.

Open NAV RAD page  The NAV RAD (radio navigation) page tunes the radio receivers.

7.3.24 Flight Management System — IDENT page (identification and preflight
checks/settings)

The IDENT page is used to verify basic aircraft data and define operational FlightZoomer settings. A number
of parameters are constants or are not yet populated. In addition, the page allows selection of various
system settings. This includes display units for speed and distances. While the whole transmission and
processing of data is strictly based on Sl units, display units can be used to change the units which are used
on the presentation layer of the groundstation.

IDENT
MODEL WEIGHT UNIT

- K6

NAV DATA SPD UNIT

- KMPH (km/h)> P

COMPASS FILTER ALT/DIST UNIT
7| <SOFT METER> |

Element Purpose

Compass filter There are four compass filter settings which can be applied to the received
raw compass data: NONE, SOFT, MEDIUM, STRONG
Speed unit The following speed units are available:
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Altitude and distance  For distances, altitudes and also vertical speed (per second) the following
unit units are available:
7.3.25 Flight Management System — PERF page (routes & flightplans)

The PERF INIT page is used for initialization of data required for VNAV operations and performance
predictions.

PERF INIT

CHRGD BAT CAP

0000 mAh

RES BAT CAP
=T

Element Purpose

Total battery capacity The total battery capacity is stored in the app settings and stays always the
same as long as the same battery type/capacity is used.

Charged battery The charged battery capacity is the currently available battery capacity.

capacity While the battery is discharging this value decreases.
At app start the value is taken from the total battery capacity but it can
also be manually set at any time to reflect a partially charged battery.

Reserve battery The reserve battery capacity can be defined to calculate the overall
capacity useable capacity. Currently the system does not use this value.
Cruise altitude The cruise altitude is the altitude during the cruise phase of the flight. This

value is used to set the altitude target mark on the Navigation Display.
This parameter can also be set on the RTE page. On the PERF page it is
optional.

Aircraft weight The aircraft weight is used for various performance calculations, however
currently the system does not use this value.
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7.3.26 Flight Management System — RTE page (routes & flightplans)

The FMS RTE page consists of several sub-pages that are used for entering flightplans during flight
preparation. Flightplans can also be stored and loaded into the navigation database. The activity of creating
a flightplan includes the selection of an origin and destination airport, the cruise altitude, cruise speed and
any number of waypoints.

The following diagram shows the various components of the RTE page and the steps of the activity (in red):

Open RTE page

172 |
DEST

r
DEST ETA
00:00 [

STORE

173 |
ORIGIN DEST

|LSHG| -
- GGeturn to first page; check duratioa

CRZ SPD/ALT DEST ETA
03:22

STORE
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Element Purpose

Origin airport of the flight. Enter an existing airport CODE as defined in the
navigation database.

This parameter is mandatory.

Destination airport of the flight. Enter an existing airport CODE as defined
in the navigation database.

This parameter is mandatory.

Origin airport

Destination airport

Cruise speed/altitude

Total duration

Company route load

Company route store

Waypoint ID

Waypoint information

line

Waypoint constraint

Enter the planned cruise speed and cruise altitude in display unit. The two
values must be separated by a dash-character (“/”). Entering a number
without “/” means that only the cruise speed is changed. Entering “/”
followed by a number allows changing the altitude alone while the speed is
kept unchanged.

This parameter is mandatory.

Total duration of the flight, updated after every change. Check after the
last waypoint has been entered, to see the total expected flight duration.

This feature can be used to load existing company routes (see the next
point how company routes can be created).
Enter the name of a route in the scratchpad and press the 3L key.

Any flightplan which has been created can be stored using this feature.
Enter a route name in the scratchpad and press the 3R key. A status
information text will display the progress and once the flightplan is stored
completely.

On the following subpages of the RTE page, waypoints can be added.
Enter either the ID or the VOR frequency of an existing waypoint in the
scratchpad and press 1L, 2L or 3L.

Waypoints can either be added at the last position or replace earlier
defined waypoints.

If the scratchpad contains “DELETE” (DEL key) the waypoint at the selected
position is removed.

If the scratchpad is empty, a special page opens which lists all available
waypoints.

After three waypoints a new subpage is added which can be opened using
the NEXT PAGE key.

Waypoints which require 180° turns are not supported while flying.

After a waypoint has been set, the waypoint information line gets updated.
The following information is shown from the left to the right:

Heading of the inbound leg (from the origin or the previous
waypoint to this waypoint).

Distance in display unit of the inbound leg.

Duration of the inbound leg.

Total duration of all legs up to this waypoint.

Not currently supported.
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7.3.27 Flight Management System — FIX page (browse navigation database)

APT/NAVAID INDEX

<AIRPORTS

<NAVAIDS

0 Press <AIRPORTS, get multipage airport IisD

AIRPORT DATA BASE
AIRPORT AIRPORT

EDOB LSSC p

AIRPORT AIRPORT
LSHG LSHH &

AIRPORT e Select an airport, get detai@
T LSNF BACK> -

AIRPORT DETAILS 172 |
CODE LATITUDE

LSSC 47.5880179598641
NAVAID LONGITUDE
STC 8.250084577636719

NAVAID FREQ
116.78@ RUNWAYS> =

AIRPORT DETAILS

RUNWAY
e@"d page: runway list 04/22

RUNWAY
08/26

LSSC RUNWAY 04,22 72 |
1D COURSE

@Gelect a runway, get runway detail9 04 041 °

ELEVATION FREQUENCY
449 METER 108.10

LENGTH
G Press <NAVAIDS, get all navigation aids on IisD 20 METER OPPOSITE DIRECTION> -

NAVAID DATA BASE 15 |
VORDME 110.00 VORDME 115.10

BAD FOR

GPSFIX GPSFIX
Fo8 Fa [

VORDME 112.50 VORDME 115,60
7 FCH HOM =

ID
GGelect a navigation aid, get detail9 FOR

TYPE
VORDME

MNAVAID DETAILS
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Element Purpose

RUNWAYS> prompt Press to show the runways of an airport on the AIRPORT DETAILS page.

BACK> prompt Use to return to upper levels while browsing.
Show opposite Press to open the details of the reverse runway.
runway

7.3.28 Flight Management System — NAV RAD (radio navigation)

VOR navigation radios are normally autotuned by the FMS. The NAV RADIO page displays the VOR and ILS-
GLS status and allows manual control of these radios. Entering data on this page tunes the selected
navigation radio. VOR courses can also be entered.

Q(Open NAV RADIO paga

NAV RADIO

ILS-GLS

VOBA

113,70 ITPR]] -

ILS-GLS

S11e9.10/0877

Element Purpose

Selected VOR L The shown data is the frequency of the selected VOR L, the tuning status
and the ID.
Enter either the frequency or the ID in the scratchpad to tune the left
receiver.
The tuning status can be one of the following:
- M: the receiver has been tuned manually
- A:thereceiver has been tuned by the LNAV feature following the
flight plan
VOR L course The target radial to be followed towards (or from) the VOR L.
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Selected VOR R

VOR R course

ILS frequency and
course

The displayed data is the frequency of the selected VOR R, the tuning
status and the ID.
Enter either the frequency or the ID in the scratchpad to tune the right
receiver.
The tuning status can be one of the following:

- M: the receiver has been tuned manually

- A:thereceiver has been tuned by the LNAV feature following the

flight plan

The target radial to be followed towards (or from) the VOR R.

The shown data is the frequency of the selected ILS and the course.
Enter the frequency the desired ILS approach in the scratchpad to tune the
ILS receiver. The course is then selected automatically.

7.3.29 Synthetic voice generation for pilot guidance

To be completed.
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8 Appendix
8.1 System accuracy
As with any technical system, there is a gap between the ideal, perfect accuracy and what can be achieved

with the actual implementation. FlightZoomer is not different in that regard. There are several areas, which
need to be looked at separately in the following chapters.

In general, the system accuracy largely depends on whether the flight controller feeds sensor data (via
MAVLink) or whether the phone’s sensor stack is being used (see chapter 5.5).

The information in this chapter mostly is applicable only for phone sourced data.

In each of the following chapters the two possible data sources are marked with the following two
symbols:

Data coming from the phone’s sensors

Data coming from via the MAVLink connection
(the source is the flight controller)
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8.1.1 Time accuracy (lag time)

Description Affected sensors

Due to the system architecture of FlightZoomer the transmission and display of

sensor data is not possible in absolute real-time. Obviously mobile network coverage

can be impaired temporarily or even be marginal for an extended period of time,
depending on a number of factors, including antenna coverage.

As a result, there is a lag time from transmission by the Sensorics app until the

newest data appears on the groundstation.

|1'|- T
<ep ol

Lag time in numbers Affected sensors
[ ] Value Unit

Typical lag time 40..120 ms
Several seconds )
lag time

Contributing factors to the lag time Affected sensors

0= dtanidl s While a stable 3G connection does easily support the figures TR
EVETEL] [ above (min 40ms, max 120ms, average 80ms) a 2.5G connection =er b
Gl el =t will degrade the average lag time by several 100ms. ” )

= il = During the phases while the device is switching between different
sleanedi e s | network types (2.5G, 3G or 4G), the lag time temporarily can
switches worsen. In order to avoid connectivity drops while the device
switches between network modes, we recommend to configure
the sensor device to stick to a lower connection speed (than the
highest). FlightZoomer does not need 4G, so restricting the
network on the sensor device to 3G is sufficient.

Distance A very small impact also comes from the actual distance between
slsi e e the sensor device and the groundstation (via the relay server).
device and Switching from a closely located relay server (e.g. home based) to
“elteees s acloud based server can add some dozens of milliseconds to the =ot by
total lag time. At any rate, users must have a working knowledge U
of where potential chokepoints are on the connection paths
between the three elements of FlightZoomer.

|1'|' |t|‘|v$ 1 |
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FlightZoomer design provisions to minimize the effect of lag time

The design of the communication channels from the sensor device to the
groundstation is focused especially on recovering from any kind of failure modes. So
whenever the connection is lost, connectivity will be reestablished as soon as the
network will allow it.

FlightZoomer continuously measures and displays the current time lag on the
groundstation. At any time and on all screens on the top left of the display the time lag
bar is indicated:

Time lag bar

This bar grows to the right as long as no updated sensor data is
received. With each set of new received sensor data (location,
altitude, speed, track), the bar is reset. The white bar will reach
100% width after three consecutive seconds without receiving
updated sensor data.

The FlightZoomer Sensorics app has a built-in feature to measure and display exactly
how long it takes for each single transmitted packet over the entire communication
channel from the sensor device to the groundstation device.

The lag-time-test is accomplished solely by the Sensorics-app and the relay server and
does not need the Groundstation-app. Once the test is started, a second connection
from the sensor device to the relay server is established which is used to simulate the
complete end-to-end connection.

While the test cannot be performed during the flight (because the Sensorics app
needs to be manipulated), the test feature is still very helpful in understanding the
system time response and the factors that impact it positively and negatively. The lag-
time-test would be a useful Pre-Flight check during ground station setup.

The following screenshot shows the lag time test screen. For more details, refer to
chapter 7.1.9:

¥ 10:02

lag time test

current relay server:
WAN, SV002

lag times (min/avg/max):
0.0340s /0.0577s /0.0790s

In order to measure and display the total
lag time between FlightZoomer Sensorics
and FlightZoomer Groundstation, a closed
loop to the relay server and back to this
device is established by tapping on the
start-button. The measured round trip time
is then shown above.
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Pilot guidelines to mitigate the lag time

e The time lag bar needs to be considered while flying.

e In case of excessive lag time the displayed information quickly becomes outdated and should not
be trusted anymore.

e With a multicopter: speed shall be reduced and the LOITER mode should be activated.

e If connectivity does not recover before any situational awareness is lost, the flight must continue
with visual guidance or the FlightZoomer independent fallback mechanism will be triggered (e.g.
the RETURN-TO-LAUNCH feature of the flight controller).

e Special caution is warranted whenever the current flight trajectory would intersect terrain or
obstructions such as towers or buildings (e.g. during descends or when flying towards higher
terrain).

8.1.2 Position accuracy

Description Affected sensors

Position determination is crucial for the system. It is not only the primary source for

navigation but also speed and course are derived from it.

Position accuracy is one of the areas where the flight controller offers greatly
improved accuracy over data coming from the phone’s sensors. So the following

description more or less applies only for phone sourced position data (see

chapter 7.1.7 for details about how the data source priority can be configured).

Position error in numbers Affected sensors
I Value Unit
Typical position -
.1
Typical position

error flight 0.5..2 m
controller

T
el o)
oE LIRS

Contributing factors to the position error Affected sensors
i i=ddl=e 0 The GPS accuracy depends on momentary conditions such as the

number of satellites in view of the device. Newer smartphones
often also support GLONASS which improves the position

accuracy somewhat.

e e =S More than one would expect, the actual device has an impact on

the chosen the position accuracy. During flight testing several devices have
device been used and the accuracy differences between them are
notable.

Time lag of Any movement of the aircraft since the last received sensor data
“leitdlei== .| obviously contributes to the location error.

e ‘.
=ep ¢f 3
or LIRS

06 el Sometimes the aerial images have a constant error between real
of the aerial and displayed location. This can be corrected using the aerial
images image offset correction-feature (see chapter 7.3.10 Selectable
placement panel bar — aerial image offset panel).

|l'|' [TTH T |
-er ol
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FlightZoomer design provisions to minimize the effect of the position error

ooy sdele - The navigation display on the groundstation shows at any time a yellow circle around
1ol ey | the center mark, which indicates the current position error:
the ground-
station display

Position error circle

This circle indicates at any time the largest possible error
between the displayed and the actual position. The actual
position therefore lays somewhere within the boundaries
of the yellow error circle. On this screenshot a moderately
degraded location accuracy is shown.

The circle size scales up and down with the display range
(zoom).

Maximum error

On this screenshot the largest displayed error is
shown. In case of larger errors the error circle will still
stay within the compass rose.

Pilot guidelines to mitigate the position error

e First and foremost, make use of sensor data coming from the flight controller via MAVLink as the
primary position information feed. Mavlink data reduces the impact of the following items.

e The position error circle needs to be considered while flying.
e The yellow position error circle should stay away from obstacles.

e In case of a sudden loss of position accuracy the flight should be slowed down and continued
using fallback navigation mechanisms (visual guidance, RETURN-TO-LAUNCH feature of the flight
controller).

e Considerable time should be spent flying simple flight profiles and circuits to become familiar
with the system response.

e Ensure that at any time fallback capabilities are available.
e Better results and more safety can be achieved with spacious and extensive flight profiles.

e FlightZoomer ideally is used to cruise along routes with ample straight legs and not too many
(and too tight) turns.

e FlightZoomer does not support 3D flying.
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8.1.3 Altitude accuracy

Description Affected sensors

The altitude is derived from the same source as the position (GPS). Therefore, the
description in the previous chapter is fully applicable for the altitude as well.

Position error in numbers Affected sensors
I Value Unit
Typical altitude 520 "
error phone
Typical altitude

error flight
controller

FlightZoomer design provisions to minimize the effect of the altitude error

A= s | The current altitude error is shown on the primary display as follows:
indication on
the ground-

station display

ALT REF

Altitude error bar:

The vertical yellow bar indicates
at any time the largest possible
error between the displayed and
the actual altitude.

The actual altitude therefore
with a high probability lays
somewhere within the
boundaries of the error bar.

Pilot guidelines to mitigate the altitude error

e Asthe terrain tends to be more important in the vertical than horizontally (except very close to
mountains), the UAV altitude (“z vector”) tends to be more safety relevant than the position (x, y
vector).

e To create good altitude awareness therefore additional feedback should be considered (visual
tracking, fly with activated ALTITUDE-hold mode, stick to one altitude while cruising, close
examination of terrain maps whilst planning the UAV mission...).

e Double check the reliability/accuracy of altitude readouts while descending. Even rather short
altitude feed interruptions can develop to dangerous situations. The UAV could be quickly lower
than indicated.
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8.1.4 Turn indication accuracy

Description Affected sensors

One of the areas which is affected the most from lag time and the position error is
the situational awareness during turns (both about the turn rate and the turn
progress). Though using directional data from the flight controller gives much better
results, getting turns right is so crucial, that the feature described below is useful in
all cases.

FlightZoomer design provisions to optimize the turn accuracy

HlgiiaElndtdss | When following flightplan routes, the Flight Director provides a countdown timer both
countdown as synthetic voice (“Barking Bob”-feature) and visually on the primary display
timer indicating the beginning of the turn. Once the turn has started there is another timer
counting down the remaining turn time (assuming a constant turn rate, see below).
The following screenshot shows the Flight Director indicating the current right turn to
be continued for exactly another 7.5 seconds:

Once the countdown timers reach zero, the stick will be released and the aircraft is
expected to fly the new course. Additionally, the synthetic voice counts down the
seconds audibly.

This feature requires the standard turn rate to be set for the given UAV aircraft. The
standard turn rate can either be set manually in the options...-menu of the
Groundstation-app (see chapter 7.3.4) or also be determined automatically by the
turn test feature (see chapter 7.3.11).

Pilot guidelines to improve the turn accuracy

e During free flight apply only rather small turn rates (this behavior is not unrealistic when thinking
about real aircraft).

e Also don't fly extended long turns. In general, apply rather small course corrections (also this is a
realistic behavior looking at real aircraft).

e Consider a RC transmitter configuration as described in chapter 6.5.2. This allows applying
constant turn rates which helps getting a feeling about the turn progress even in case of a small
time lag on the displays.

e Use the aforementioned feature above to reduce turn control input durations.
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8.1.5 Compass accuracy

Description Affected sensors

Compass accuracy is one of the areas that benefits greatly from the much higher
accuracy the onboard flight controller usually offers. Therefore, the following
description more or less only applies for compass data coming from the phone’s
internal magnetometer (see chapter 5.5 for details about how the data source
priority can be configured).

The direction of the compass rose on the primary display always displays either the
magnetic direction from the compass sensor (= heading) or - alternatively - the
calculated track from the GPS (called Track-Lock mode). The accuracy of the later is
covered in chapter 8.1.2.

The requirements for a good flight experience with the compass is a small lag time

and a smooth step response. While the compass of the smartphone usually

responds quicker to directional changes than the GPS Track Lock, in testing, the

output of the phone’s magnetometer sensor almost always proved to be quite

erratic. Therefore, avoiding the heading mode completely and choosing the Track

Lock mode would be the recommended option if flying without MAVLink data.

The GPS Track Lock mode has the disadvantage that it does not show the direction if
there is no forward speed. Also crab angles can’t be derived from the GPS track only.
On the other hand, the track above ground is more relevant for navigation.

Contributing factors to compass error Affected sensors

The actual Current generation (and newer) devices like the Lumia 925 have
device performed better regarding magnetometer accuracy. While still

far outclassed by heading data coming from the flight controller
it was marginally useable while the older OMNIA 7 had to be

flown in GPS Track Lock mode all the time.

102 el After each power-on the compass of the smartphone needs to be
calibration calibrated. See 7.1.5.
Sl gl s . Proximity of the magnetometer sensor to other electrical

1 aeltd=e e (especially high power) devices.

the aircraft
1141 eele=a | There are four compass-smoothing settings available on the

smoothing groundstation (none, soft, medium or strong).

setting

I"l' I Ty |
it
L l‘lllfu:.i_‘.»l.

Pilot guidelines to mitigate compass error

e Enough time should be spent testing various options (with GPS track, witch compass, compass
smoothing options) to ascertain which combination is the best match for the actual hardware
setup and your personal preferences.

e |If a reliable compass feedback can’t be achieved, revert to the GPS Track Lock mode (which
offers nearly the same flying experience).
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8.1.6 Attitude accuracy

Description Affected sensors

Like the compass, the attitude benefits greatly from improved accuracy when

coming from the flight controller. Because horizontal accelerations do wrongly

impact gravity determination, bank and pitch should only be trusted when the

source is the MAVLink.
Nevertheless, the attitude arguably is of lesser importance when flying with

stabilized aircraft like a multicopter, so for all practical purposes the attitude is

usually accurate enough.

Contributing factors to the attitude error Affected sensors

Geometry Conducting the geometry capturing sequence precisely (see

capturing chapter 7.1.8).
(=l The current time lag of the data feed. I
lag time bl
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8.2 Glossary

Abbreviation/term  Description Real aviation term
- FMS Flight Management System X
- ILS Instrument Landing System X
- M Inner Marker X

LNAV Lateral Navigation X

Auto flight mode where the loaded flight plan is
being followed.

MM Middle Marker X
- ND Navigation Display X
- oM Outer Marker X
- PFD Primary Flight Display X
- VOR VHF omnidirectional range X
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