INTRODUCTION TO CIVIL DRONES
This book covers the basics or RPAS ( Remotely Piloted Aircraft Systems ).
Introduction to civil drones covers the primary elements of a typical RPA
system.
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PREFACE
This book focuses on the basics of Remote Pilot Aircraft systems and
its operation. It is the first module of the RPA ground course offered at
the SANAD ACADEMY in Dubai. This book includes study material that
prepares candidates for the theory examination at the Academy.
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INTRODUCTION
An RPAS refers to a Remotely Piloted Aircraft System. These are
unmanned aircrafts that are most commonly piloted using a radio
control system. commonly known as drone.

a. Drone
b. UAV (Unmanned Aerial Vehicle)
c. UAS (Unmanned Aircraft System)
Categories
RPAS are categorised using its:

Multirotor System

a. MTOW (Maximum Take Off Weight) :
This refers to the total weight including maximum payload of the
aircraft.
b. Type :
The two most common forms of RPAS are:
c. Standard Aviation categrorise RPAS into weight and type.
-

Multi Rotor : Vertical take off and landing system
Fixed Wing : Takes off from a runway or launch pad, has wings similar
to a conventional airplane
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Fixed Wing System
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RPAS HARDWARE:
In this section we look at the main
components of an RPA system.
Motors
The motors spin the propellers. The
motors are rated using kilovolts (Kv)
which means that the higher the Kv the
faster the motors spin.
Frame
. This component connects
all of the other components. Frames
can be of various size, types or shapes.

Flight Controller
The flight controller is most commonly
installed on the main frame, which acts
as the brain of the drone.

Battery
Propeller
Propellers create the lift
needed for the RPAS, They are
of 2 types (Clockwise and
Counter Clockwise)

Sanad Academy 2019

RPA systems are powered by LiPo
(Lithium Polymer) batteries also installed
on the mainframe.

ESC
(Electronic Speed Controller)
The ESC’s are installed on the arm of the
aircraft.
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ELECTRONIC COMPONENTS
This section covers the function of main hardware
components installed on RAPS. For a drone to fly
perfectly, the IMU, GPS, GYRO, stabilization and
flight controller technology is essential

FC
Flight Controller
This component is brain
of the drone. It collects
data from the entire
system, including motor
speed, GPS location
command inputs, and
data from any installed
sensors which affect the
aircrafts behavior at any
moment
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ESC
Electronic Speed
Controllers
The ESC’s relay vital motor
speed information to the
Main Controller and send
commands back to the
motors based on input.

IMU GPS

Inertial Measurement
Unit
IMU detects the spiral
orientation of the drone.
Detects any change in
orientation using
gyroscopes and
accelerometer to help
stabilization the drone

Global Positioning

BARO
Baromoter

System
An onboard GPS chip helps
determine the aircrafts
position and helps
maintain a hold on
different positions and
provides essential data
during an autonomous
flight.

The barometric pressure
sensor is used for providing
ambient pressure reading to
the FC these pressure
readings are used to
determine the altitude. The
ultrasonic Sensor, on the
other hand provides data
related to nearby objects
essentially, data about how
far the drone is from the
ground
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POWER
In this course we refer to electrically powered RPA systems. These
aircrafts are powered using Lithium Polymer (LiPo) battery packs.
Due to the delicate nature of LiPo battery packs, great care must
be taken when handling and storing. LiPo battery is also highly
inflammable in nature due to which the following signs must be
looks out for:
a. Any evidence of leakage
b. Pack puffiness
In the event of any of the above circumstances the battery pack
must be discarded in a safe manner.
When storing LiPo you must ensure that you do not leave it
outdoors or exposed to the sun / heat for prolonged periods of time.
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MEANS OF RPAS CONTROL
RPA systems are operated primarily using two methods:
a. Radio Controlled Flight: A Radio Control is used to pilot the
aircraft. The PIC (Pilot in command) pilots the aircraft by using
the joysticks on his/her radio
b. Ground Station / Autonomous Flight: An alternative method
used is an autonomous flight using a ground station. The ground
station software if usually installed on a tablet, a smart phone or
a computer. This software shows you a satellite map of the flight
location on which way-points are drawn, that determine the
flights path. Such softwares often also allow an automated take
off on the click of a button.

Left Joystick

Right Joystick

Radio
The figure above illustrates a typical radio
controller. In the next section you will
discover the functions of each joystick
movement.

c. Radio frequency of Operation
2.4/ 5.8ghz
2.4 - long range (low data)*
5.8 - short range (Large data)*
**Depends upon scenario (Recommended to keep it Auto)
Ground Station
The figure above illustrates two way
points on a ground station.
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RADIO CONTROLS
Throttle (Using Left Joystick)
By pushing the left joystick up the aircraft shall move
upwards (increase altitude*) and by pushing this stick
down, it will move downwards (decrease altitude*).

Yaw (Using Left Joystick)
By pushing the left joystick to the left or the right, the
aircraft will rotate around its axis in the manner
illustrated on the right

Pitch (Using Right Joystick)
By pushing the right joystick of the aircraft upwards,
the aircraft will pitch forward and by pushing the stick
down, it will pitch backwards. This is simply the front
and back movement of the aircraft.

Roll (Using Right Joystick)
By pushing the right joystick to the left or right, the
aircraft will roll sideways
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Figure A

RADIO OPERATION:
When piloting an RPA system, you must ensure that the aircraft is
always in the VLOS (Visual line of sight) . This will ensure that the
aircraft and the radio are always in communication. In the event that
an obstruction comes in the way of the radio and aircraft, the
connection will be disrupted immediately.

✔

Figure A on the right illustrates a perfect radio connection that is
necessary during a flight whereby Figure B illustrates an extremely
dangerous flight whereby the connection between the PIC (Pilot in
command’s) radio and the aircraft has been disrupted.

TIP!
It is always advised to stay above the height of the highest
obstruction within the area of your proposed flight. This must
however be done within the limits of legally allowed flight altitudes.
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Figure B

X
For your information:
Visual Line of Sight (VLOS) means that the pilot is able to visually see
the aircraft at all times while being airborne. This will allow the pilot
to avoid any obstructions
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FAILSAFE / RECOVERY
Figure A

In the event that a RPA system loses connection from its radio, most
in built flight controllers allow the following two methods of
recovery:
a. Immediate Landing : As illustrated in Figure A, when this
recovery feature is active, the aircraft will land immediately upon
loss of signal/connection.
b. Return to home (RTH) : The RTH feature will activate a recovery
system in the aircraft whereby it will first gain altitude and then
fly towards the point of take off where it will land. It does this
using the pre-recorded GPS coordinate from the time of take off.
Figure B illustrates this method of recovery.

Figure B

Legend:
Disconnected Radio connection
FAILSAFE flight path to landing
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FLIGHT MODES
GPS
In this mode, the aircraft will hold its altitude and
position using the information from an onboard GPS
chip. The aircraft will even resist wind to ensure that
it stays stable and in position

In this mode, the aircraft will only hold its altitude
the barometer installed onboard. The GPS chip
does not hold position when flying in this mode.

Note:

Note:

a. This mode only works when enough satellites
are available to provide GPS positioning .

a. This mode is prioritized allowing you to recover
your aircraft in attitude mode in the event of GPS
failure

b. Positioning accuracy may vary due to
obstructions causing satellite connections to fail.

OPTI mode

Attitude

This mode is call (optical flow mode) or vision mode,
prioritized in indoor use, available in the newer drones.
use case scenario:

b. professional pilots tend to operate in atti for
better control of their RPAS.

When there is lack of GPS and atti mode is risky due to
proximity of obstacles. Hence opti mode helps RPAS to
hold position given, height of operation is below 4
meters.
Note:
a: Opti mode does not work is the texture of the floor is not
illuminated (visible)
Example: it does not work over reflective surface (mirror or
water) uniform surface (carpet, patterned floor)
b: Use propeller guard when operating in this mode, use
tripod mode for better control.
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GENERAL RULES AND REGULATIONS OF THE DCAA
Register your RPAS with DCAA

Areas of Operations

Operational Safety

• Firstly, you must register your
aircraft with the Dubai Civil Aviation
Authority prior to any recreational or
organizational use. The process map
for this procedure is mentioned in a
separate module that should be
included as part of this package.

• Stay away from congested area
airport, airfield and other areas included on the Dubai NO
FLY ZONE map (Appendix I)
• When there is any civilian or military aircraft nearby
( operating within 2000ft) they possess right of way and
you must land your drone immediately

• Don’t fly your RPAS within
200m of person, vehicle, building
or structure, or overhead groups
of people at any height.

Liability

Airworthiness

Operational Envelope

• You are legally responsible for safe
conduct of each flight.

• Prior to each flight, ensure that your aircraft is in safe, working
condition and that all components are functional as prescribed by
the manufacture’s operation manual.

• The maximum allowed altitude
is 400ft (120m) while the
maximum distance from the PIC
(Pilot in command) is 500m.

• Take time to understand the rules.

• No carriage of hazardous materials.

• Failure to comply could lead to a fine.

• At all times the small unmanned aircraft must remain close
enough to the remote pilot in command and the person
manipulation the flight Controls of the small UAS for those people
to be capable of seeing the aircraft with vision unaided by any
device other than corrective lenses.

• No operations careless or reckless
operations
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• Daylight-only operations.
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NO FLY ZONE AREAS
Appendix I
IMPORTANT NOTE! The map to the right indicates strict no fly zones. Both Green and Red areas are no fly zones, however, the green zone may be accessed upon
special approvals from the DCAA for commercial pilot.
Also note that areas not marked with either RED or GREEN can be used for RPAS operation only within regulation. This includes all the information from the
previous page as well as other elements of operation that you will study in other modules throughout the SANAD Ground Course.
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(The illustration in this section has been extracted from www.dcaa.gov.ae for educational purposes)
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ATTENTION
IT IS MANDATORY TO REGISTER YOUR RPAS WITH GCAA even if it is registered DCAA

https://www.gcaa.gov.ae/en/pages/UASRegistration.aspx/
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Finished
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