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Unmanned Aerial Vehicle (UAV)

Drones (Remote Control Aircraft)

Specifications & Applications
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Olllanall § O iz
List Of Abbreviations & Used Idioms To Operated Drones
Jeb Oy O glal) 01 po 841019 s § dedsadl Oldlaall

1- Unmanned aerial vehicle (UAV)
2- High altitude Platform (HAP) &)l olels )| .z
3- Medium altitude Platform (MAP) L. ;i ¢ L V) e
4- Low altitude Platform (LAP) waixd) ¢ W,V daie
5- Horizontal Take-Off and Landing (HTOL) &Vl L,diy 5>y
6- Vertical Take-Off and Landing (VTOL) ¢sseal L ydly 5 25!

7-  Automated external defibrillator (AED) Y1 > -1 Ol )i J 5 5l
8- Antiretroviral therapy (ART)
9- Beyond visual line of sight( BVLOS) 2l lx ¢l 4 L

10- Brushless DC motor (BLDC) 34> 045 09,5 & =

11- Center of Gravity (COG) Jal a3kt 5 5

12- Inertial Measurement Unit (IMU) )i 528 43 50

13- Linear-Quadratic Regulator (LQR) . 4 Jdi il

14- Model Predictive Control (MPC) 5 el (s 3 oSl

15- Proportional-Integral-Derivative (PID) JlSl o) g2l

16- Single Board Computer (SBC) a5 > 558

17- Sliding Mode Control (SMC) Y 3V1 x4 ¢ oSS

18- Digital visual line of sight(DVLOS) .3} 2l L

19- Emergency medical response(EMR)z o)l 2ol &z V!

20- Out-of-hospital cardiac arrest(OHCA) izl 7 b= a.kal asldl
21- Search and rescue (SAR) sy e

22- Unmanned aircraft system (UAS) Lk 05y ol sl plas

23- Visual Line Of Sight (VLOS) (s 2 3 ) b

24- Extended Visual Line Of Sight (EVLOS) szl s 2 di 5 ) dax
25- Maximum Take-Off Weight (MTOW) & 3591 054 281 a4
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26-
21-
28-

53-

Near Infrared (NIR) i od) o5 iy 3 andl

Above Ground Level (AGL) 2 ¥} sla (5 52 353

Almost Ready to FIy(ARF) ¢35 sal AV 3

Air Traffic Control(ATC) & 41 a5 41 43l

Battery Eliminator Circuit(BEC) ) 5+ 5 3s

Beyond Visual Line of Site (BVLOS) x5, 54 LA 55 (s s
Civil Aviation Authority(CAA) ol 0l bl azs

Canon Hack Development Kit(CHDK) , sk as sos
Complementary Metal Oxide Semiconductor(CMOS) LSl asaall <o sl slosd
Clockwise(CW) sl o lis ol s

Counter-clockwise (CCW) asludl o jlie ol Se

Digital Surface Model(DSM) <3 Ji sl 7554
Da-Jiang Innovations(DJI)
Electronic Speed Controller(ESC) & 5 Sy ae ,udl (S5 50

Flight Level(FL) 0 xb (s 52
Forward Looking Infrared Radar(FLIR) LW sl ol okl s ans i
First Person View(FPV) J 31 jassdi s b
Geographical Information Systems(GIS) wl Ll b Jald (L
Global Positioning System(GPS) i x31 51 apust plla
Global Navigation Satellite System(GNSS) L3 je a-3lld i ol
islal
International Air Transport Association(IATA) (s, Jadl Ll 512y
International Civil Aviation Organization(ICAQ) [ s (3l 0 phll aelos
Kite Aerial Photography(KAP) (s &1 sl 3,5 s
Light Detection and Ranging(LIiDAR) sl s sl o aas
Lithium Polymer(LiPo) o5 » s 4 s
Long Range Systems(LRS) ¢sall al ,b aubsil
Megapixels(MP) .St
National Air Traffic Services (NATS) a:b i 3,41 257 41 laas
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54- Non-governmental Organization(NGO) i.,S> & <labais

55-  Notice to Airmen (NOTAM) ., Lkl lei

56- On-screen Display (OSD) zatedi Le >

57- Permission for Aerial Work (PTAW) s .41 Jusld 03

58- Plug and Play (PNP) x5 |eos

59- Post Processing Kinematics(PPK) ai~SUi adtall LS ~

60- Radio Controlled(RC) s, (& S

61- Red, Green, Blue (RGB) G ;¥ 2= ¢ a4, suai ol

62- Remotely Piloted Aircraft System (RPAS) sx ¢ 2> 5l ol sUall s

63- Readyto Fly (RTF) oi plall sal

64- Returnto Home (RTH) U=yl oSG ) 65 52

65- Real Time Kinematics (RTK) it =3, ol ~

66- Return to Launch (RTL) &Myl ¢ o0 55 52l

67- Structure-from-Motion Multi-View Stereo (SfM-MVS) saxze 5z o
ST A e sdalsl)

68- Terrestrial Laser Scanner (TLS) _>i ¢, z-W

69- Take-off Weight (TOW) ¢ 6y 05

70- Unmanned Aerial Vehicle (UAV) b 05 & 45

71-  Visual Flight Rules(VFR) 2 .2 0l plal ast g3

72- Visual Line of Sight(VLOS) s .2l 43 3 lax

73-  Remotely-Piloted Aircraft (RPA) wx o oS5 6 50

74-  Remotely piloted Aircraft System(RPAS) ux o oSl o3 ol sl ol
75-  Traffic Collision Avoidance System (TCAS) sl (s3ls5 lanall
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Flight controller GPS Antenna

Propeller

Smart Battery

Landing Gear
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o™
o
Remote Controller=®
—
Zenmuse Z3 Pyranometers Visible spectrometer
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Quantum sensors NIR spectrometer
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The Matrice 600 UAV, Zenmuse Z3 camera, pyranometers, Quantum sensors,
and NIR spectraometers.
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Description of quadcopter components.

Quadcopter components Description
P It is the construction that endures or households all the components collectively. They are designed to
o be heaithy and lightweight.
Mk The design of motors is ta rotate the propellers. Each rotor necessitates being controlled separately
by a speed controlier.
Speed controller it checks the rapidity of the motor or expressas to the engines how fast it rotates at a given time.
i A quadrotor holds four propellers, two “regular” propellers that rotate counter-clockwise, and two
Propeller “pusher” propellers that rotata clockwise to dodge body spinning.
Fiight oller It is the brain of the quadrotor. It houses the sensors before-mentioned as the accelerometers and

gyroscopes, which conclude how quickly each of the quadrotor motors turn.

Radio transmitter and

BT It enables the regulation of the quadrotor, and it necessitates four channels for a basic quadrator.

Lithium polymer (LiPo) batteries are amang the most frequent battery kinds for drones, as their size
Battery and weight benefit from high energy density with greater voltage per cell, which allows them to power
drones on-board systems with less cells than other rechargeable systems.

It is practiced to regain fiight information of the quadrotor on a computer to follow several aircraft

Telemetry module parain on the ground.
g It enhances the production of the quadrotor and adds value to its uses—the camera worked as an
attachment with a USB to observe the images.
Video transmitter The transmitter transforms the information into a radio signal and outputs it to the imputed antenna,
and receiver which later sends it out. The receiver operates to turn the radio signal inta explicit videos.
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Ground user

UAV communication.

Optimization Theory

T = <
Deployment
Game Theory / Performance analysis (Machine Learning
Path planning \
{ Resource allocation ,

\ Flight time optimization
Cell association
Stochastic Geometr} Energy efficiency / transport Theory

N

\_—/

Mathematical tools for designing UAV communication
systems.
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Light
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Magnetic

Major Types
of Sensars
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Chemical

e

Major types of UAV sensors.
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Sensors based on their detection properties.

Types

Properties

Thermal sensor
Electrical sensor
Magnetic sensor
Optical sensor
Chemical sensor
Pressure sensor
Vibration sensor
Rain/moisture sensor
Tilt sensors

Speed sensor

Temperature, heat, flow of heat etc
Resistance, current, voltage, inductance, etc
Magnetic flux density, magnetic moment, etc
Intensity of light, wavelength, polarization, etc
Composition, pH, concentration, etc

Pressure, force etc

Displacement, acceleration, velocity, etc
Water, moisture, etc

Angle of inclination, etc

Velocity, distance etc
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IRNSS, India’s answer to Global Positioning System, will No. of satellites | 35 (20

cover a radius of 1,500km with India at the centre. Here is o orbit)
where India stands in a comity of space-faring nations ,
First launch | October

GPS GALILEO 2000
Country | US Region | Area of coverage | global
No. of Satellites | 31 European Union Lifetime of each satellite |
Coverage | Global No. of satellites | 40 12 years
First sa?ellite jaunch 1978 | 10 in orbit now) Precision | 10m fer public
. First launch | 2011 and 10cm for military
Lifetime of each satellite | 10
years Area of coverage | Global IRNSS
Precision | 5m Lifetime of each satellite | 12 | Country | India
yours No. of satellites | 7(5 in
SOI.ONASS Precision | 1m for publicand | orbit)
Nougt?altell'tes"i II % 1cm for military Area of coverage | Radius
. ' of 1500km
BEIDOU
Coverage | Global Country | China __ First satellite launch |
First satellite launch | s ¢ : @ )\ 2013
October 1982 sateﬁ?tewo sepasate m Lifetime of each
U'e"'l!‘e of each constellations- limited satellite | 12 years
satellite | 10 years test system and full-scale | Precision | 20m for
Precision |Smto10m | global navigation system civilian, 10m for military
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GPS GLON A SS sistema de posicionamiento global
i = mutuamente complementario

Insuficiencias del GPS

GLONASS-M

LONASS, la exactinnd
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- Long endurance (Days or months).
- Wide coverage. v

- Quasi-stationary.
- Altitude above 17 km. p

- Fast and flexible deployment.

High altitude
platform
(HAP)

Low altitude \ - Quick mobility.
platform - Cost-effective.
(LAP) - Typically flies up to several hours.

UAV

Classification - Such as small aircrafts.

- Cannot hover.
Fixed-wing | - High speed. ~
- Can carry high payload.

- Can fly for several hours.

- Such as quadrotor drone.
- Can hover.
- Low speed.
[ Rotary-wing | - More energy limited than
fixed-wing.
- Less than 1 hour flight.
duration for typical drones.

UAV Classification.
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HTOL
o Based on Landing {
VTOL
- Tricopter
= Fixed Wing
c
2
§ H Quadcopter
1'% = Multi Rotor
Based on Aerodynamics |-
) ik H Hexacopter
§ o Flapping Wing
~
>
g = Octacoper
— Ducted Fan
- High altitude
Platform (HAP)
| Medium altitude
ARk i Platform (MAP)
| | Low altitude
Platform [LAP)
Classification of UAVs.

Unmanned aerial vehicle categorization
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‘ Orones ‘

Mano

Micro ‘ Mini ‘ ‘ Small

[ Tactical ‘

Sllall Glusads

Categorization of UAVs based on size.
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mudti-rotor drones
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Unconventional category of air drones

|

!

!

|

|

!

UAV uUAV — MAV 1 NAV 1 PAV SD
1 HTOL - HTOL | Fixed wing | [™| Fixed wing | |- Flappingwing
" VIOL L., VTOL | Flapping wing | [™*| Flapping wing | | | Quadrotor
| Tiltrotor | | Tiltrotor | |+ VTOL | Helicopter || |\jonocopter
| Tiltwing | = Tiltwing | |+ Tiltrotor —*| Monocopter | |_| Bio PAV
| Tiltbody | || Tiltbody | |- Ductedfan | [™| Quadrotor
| Ducted fan | |- Cyclocopter | t Helicopter = Hexacopter
| Helicopter | t= Ductedfan | ps Ornicopter ~+ Unconventional
| Heliwing | |- Flappingwing | |- Unconventional | | | Bio NAV Taxidermy
| Unconventional | f—! Ornicopter —| Bio MAV i | Live
Unconveational Helicopter | |- Fixed/flapping wing
| Rotary wing
:
] + + ] + ] + + +
Monocopter | | Twincopter | | Tricopter | | Quadrotor | [Pentacopter| [Hexacopter||Octocopter || Decacopter || Dodecacopter
SD PAV | NAV | MAV | uwAV | UAV
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Classification of drones according to characteristics and applications.

SIZE
Nano Micro Mini Small Medium Large
<30 mm 30-100 mm 100-300 mm 300-500 mm 500 mm—2 m =2 m
Maximum Take-Off Weight (MTOW)
<05Kg | 0.5-5Kg 5-25Kg | =25 Kg
RANGE (Distance/Type of Operation)
Close-range <0.5 miles Mid-range 0.5-5 miles Long-range 5> miles
Visual Line Of Sight (VLOS) Extended Visual Line Of Sight (EVLOS) Beyond Visual Line Of Sight (BVLOS)
WING
Rotary wing Fixed wing
Single Multi-Rotor Hybrid
Low Mid High | Delta '
Dual ) _ ] ) _ (VTOL)
: Tricopter Quadcopter Hexacopter Octocopter Wing Wing | Wing | Wing
rotors
POWER
Electric | Gas | Nitro | Solar
ASSEMBLING
Ready-To-Fly (RTF) | Bind-N-Fly (BNF) | Almost-Ready-to-Fly (ARF)
APPLICATIONS
L . Search o
Civil Disaster Predision Natural Law
Logistics . ) o Heritage and )
Engineering Relief Agriculture Resources Enforcement
Rescue
) Aerial
Wildlife Weather Industrial ] . Disaster
Leisure Military Photography | Archeology
Management | Forecasting Inspection . Relief 4l :
and Film

Note: SIZE, MTOW and RANGE: based on average values (no specific standard/ regulation). ASSEMBLING: level
of work required to use the drone since acquisition.
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Examples of Unmanned Aircraft According to Classification

Class IT Class IIT

Class I

Aircraft Class

I <150 kg

I 150 - 600 kg
11 > 600 kg

(&é@:‘-u\j‘-ﬁa) ﬁjﬁg\m J"J‘;‘_\
(%}Jﬂ&f)\j%)%ﬂh ~—\O~ JA—Y
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Micro Drone Nano Drone Pico Drone

Amphibious Drone Blimp Drone

Ducted Fan Heli Wing
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Summary classification of sensors and devices that can be coupled to drones.

Type o Spatial Spectral .
Instrument. ' Weight Costs
Sensor Resolution Resolution
Very high Low Low Low
Visible RGB Passive T
1-5 cm/pixel (3 bands) <0.5kg $100-1000
Near Infrared Very high Low Low Low
, Passive T
(NIR) 1-5 cm/pixel (3 bands) <0.5kg $100-1000
Imaging ) . High Medium Medium Medium
Multispectral Passive
Sensors 5-10 cm/pixel {5-12 bands) 0.5-1 kg $1000-10,000
High High Medium High
Hyperspectral Passive _
; 5-10 cm (= 50-100 bands) 0.5-1kg | $10,000-50,000
Medium Low Medium Medium
Thermal Passive )
10-50 cm/pixel 1band 0.5-1kg $1000-10,000
Laser scanners Adi Very high Low High High
ive
Ranging (LiDAR) 1-5 cm/pixel 1-2 bands 0.5-5kg [ $10,000-50,000
SETSOIS Synthetic Aperture Adi Medium Low High Very high
ive
Radars (SAR) 10-50 cm/pixel 1 band = kg =$50,000
Other sensors and devices
Atmospheric sensors | Temperature, Pressure, Wind, Humidity
Chemical Sensors | Gas, Geochemical
Position systems | Ultrasound, Infrared, Radio Frequency, GPS
Other devices | Recorder device/microphones
Sampling Devices | Water, Aerobiological, Microbiological Sampling
Other devices | Cargo, Spraying, Seed spreader
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Suitable sensors for research and management tasks.

Sensor Applications

Aerial photography, habitat mapping, photogrammetry, 3D Modeling,

)
Visible RGB inspection, wildlife surveys (identification), landslides

Multispectral ~ Vegetation indices, productivity, water quality, geological surveys

Fivisata Vegetation studies, biophysical variables, ecological processes, forest health,
yperspecirs chlorophyll content, insect outbreaks.

Inspection, wildlife surveys (detection), surveillance, wildfires, soil temperature,

Thermal
volcanology

3D Modeling, topographical maps, forest inventory and metrics

LiDAR : . .
iD (structure, biomass, tree volume, canopy height, leaf area index)
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Unmanned aerial vehicle classification based on size, range, properties and applications.

Flight

Operating .
Max. : Range Payload Example Flying iy g
TPe eight StRude Lo Bg) ™ adel macheniem —oecnpddn  Applcations
(m) {min)
Easily
Kogan manoeuvred
Nano 200 g 50 5 <02 6-8 Nano Multirotor and reach Recreation
Madel remaote
locations
Operated on
P ¢ low altitudes Recreation,
Micro 2kg <90 25 02-05 45 D?’”“ Fixed-wing with limited ~ military, spying
et space for fuel task.
and battery
Maintain
ol line of sight Hobbies such
0.5- . between the as photography
Mini 20 kg 150 < 300 40 10.0 18 Sptvzleacbng Muitirotor arcrattad il
ngs the ground cinematography
station.
Operated
Scout- at low to Transferring
25w 5.0- 2 medium goods, military,
o 150 kg <I9en ol 500 e E{S?O U;:V esseaone altitudes and used in remote
s ool longer loiter locations
capabilities
Operated at
25.0- Predatar g R, mvgnn;:gon
Tactical >150kg < 3000 200 200.0 1800 8 Fixed wing provide target :
i tracking or :
monitoring acquisition
ety | Jis | sl et el | Ol phall g Uyl Oy g s
MJSJW sA| 8 YaW vfo e 0 C\‘.. $U
UMM; > %0 iSo:gU:.S v5\‘0 Juq.a_gw M\‘ jjﬁ,f
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Different types of UAVs, (a) HTOL (b) VTOL . (¢) tilt-rotor UAV (d) tilt-wing UAV {e) tilt-body UAV (f) ducted fan UAV (g) helicopter
(h)  heli-wing and {i) unconventional UAV
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Different types of yUAVs, (a) HTOL (b) VTOL (¢) tit-rotor (d) tilt-wing () tilt-body, (f) ducted fan pUAV {g) helicopter (h) omithopter
@) ornicopter (i) ewlocopter and (k) unconventional yUAV
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Fig. 5. Different types of MAVs, (a) fixed wing |6, (b) flapping wing 83}, (¢) fixed/flapping-wing [84], (d) rotary wing [85], (e) VTOL (86, (f) ducted fan [87], (g) tikt-rotor, (h)
helicapter [88], (i) unconventional, (j) ornicopter [89].

Fig. 6. Different configurations of FWMAVS, (a) monoplane, (b) tandem, and (c) biplane [112].
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Fig. 7. Different types of rotary wing MAVs, (a) mono-copter [121], (b) twin-copter [122], (c) tn-copter [123], (d) quad-copter [124], (¢) penta-copter, (f) hexa-copter [125], (g) octo-
copter [126], (h)deca-copter [127), (i) dodeca-copter [ 128].

Fig. 8. Different types of NAVs, (a) fixed wing [133], (b) flapping wing [ 134], (c) helicopter [135], (d) monocopter [136], (e) quadrotor [137], (f) hexacopter [138], and (g and h)
unconventional [ 139,140].
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Fig. 10. (a) Structure of smart dust motes {157, (b, ¢, d, and ) smart dust motes [ 158-161 |, and (f and g) smart dust application [ 162].
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e

Live bio-drones (a) controlled beetle [169], (b) schematic of controlled insect [ 170, (¢ and d) controlled pigeon
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Air-ground hybrid drones: (a) tank quadcopter [174], (b) DALER robot [175], and (¢) MALV [5].

C

Air-water hybrid drones: (a) Parrot Hydrofoil [178], (b) Rutgers University drone [179], (¢) HexH20 [180], and (d) AquaMAV

RC floatplanes gala¥i = il
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Type of application
Y v
Flightzone [*» Mission [» Environment
" Y v ) v v Y
Outdoor | | Indoor Underwater | Water || Ground | | Air || Space
_ : ¥ .I ) Videography/Photography |® Inspections
Missile launching drones |4 | Military Civil | gy ol p
: > Disaster response —»  Maritime
Bomb-dropping drones [ _J l ahigh
Solar powered high- | G
: City/Government —» Meteorolo
Flying camouflage drones |¢{ | altitude WIFIdrones | [™ 4 &
A N L L»| Environment & Climate |»| Agriculture
Communication disruptors |« Aviation/ Delivery 4
, : L»|  Construction drones > Hobby
Battlefield medical supply t-—'l Landing field drones [*
Space drones —»  Mappin
Invisible spy drones  |# i P PPIng
> Mining/ oil & gas —® Miscellaneous
Classification of drones’ applications.
- degd) E o
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Disaster
S ol PASESINONGE Canstruction
SN and Infrastructur
Photagraphy & Inspection
\'\

Heal Time \ Prgmsm
Monitaring \ Agriculture
. \ e

/
Law
e _____—»  Healthcare
Enforcement — Py Goe e
Applications

WA A
¥ /" \\ \
f/ \
| \
Weather v \ Utites
Forecasting Inspecting
Geography Urban
Mapping Planning

Unmanned aerial vehicle civil anplications.
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Pre Disaster Preparation Crop Monitoring
Disaster Assessment Disaster Precision Agriculture
Disaster Responde and Recovery Management Agriculture Irrigation Management
Agrial Mustering
Artificial Pollination

'l

R 5
Carrying emergency equipment Healthcare S:d lnspecn":)n Construction Management
Collection of samples Infrastructure Inspection
Reaching remote patinets Feasibility Surveys

Categorization of civil applications.
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VR4 " '//
“~J_UAV-UEs -~ 2D beamforming 3D beamforming

~ .4 .‘ >.
“~__@® D2D networks

3D beamforming using a drone.

UAV-assisted terrestrial networks.
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Los Angeles Fire Department

Zipline uses drone technology to deliver urgent medical supplies to local communities
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Whale lung sampling in action. Using drones to collect lung microbiota for a remote assessment of whale

health off Sydney, Austraha. © Vanessa Pirotta
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Total body length

Example aerial photographs of the dorsal surface of a southern right whale, used to measure body length
and width (W) at 5 % increaments along the body axis from 5 % to 85 % body length from the rostrum
(white arrows).

Training Indigenous groups in the Amazon forest to monitor forest fires and
deforestation with the help of drones. © Marizilda Cruppe/WWF-UK
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from military beginnings, to civilian applications.

Target Drones Drones used for Dronesused  Drones with real-time Drones for combat, Drones for

developed reconnaissance  as decoy surveillance & radar surveillance and combat, attack
missions : : carrying armaments targets with
f ? missiles
Military : : : : :
1900s 1950-1960s 1970s 1980s 1990s 2000s 2010s 2015
Civilian :
Drones for mapping, Drones for
aerial photography ¢ recreational
i use
Drones for Drones for
industrial inspec- | filming &
tions & secutirty,  broadcasting
precesion :
agriculture
Drones for

logistics - first
packet delivery

A timeline of military and civilian uses for drones
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Mlitary Applications of Drane

Stealty Spy Surveillance Camouflage Drone

3

Missle Launching Bomb Droping Network Disruptors

v Applications of Smart
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Application of drones’ in space
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Application of drones' in environmental protection.
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Application of drones' in mailing and delivery [198-200].

A b Taa A
b Tt 120 Viey

Drones' in marine environments, (a) TacMAV [209], (b) Scan Eagle [210,211], (c) Volans [212,213], and (d) Cormorant [214,215].
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Drones' miscellaneous applications, () anti-drones [216], (b) runway drone [217], (¢) drones which scare birds away from airport mnways [218], (d) windows cleaning dron
219], (e) gutters cleaning drones [221], (f) solar panels cleaning drones [222), and (g and h) hobby drones [220,223].
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DHL’s drone Paketcopter used in package delivery.
A photograph by Frankhoftner distributed under a CC BY-SA 3.0 Source:
https://commons.wikimedia.org/wiki/File:Package_copter_microdrones_dhl.jpg

Amazon Prototype Prime Air Drone.
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Yamaha's drone RMAX, powered by gasoline, is popular in agricultural applications.
A photograph by Gtuav distributed under a CC
BY-SA 3.0 license. Source: https://commons.wikimedia.org/wiki/File:YamahaRMax.jpg
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AeroTerrascan’s drone Ai450 mapping a field in Indonesia.
A photograph by GIII distributed under a CC BY-SA 4.0 license. Source:
https://kids.kiddle.co/Image:Agriculture_UAV jpg
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Spraying operation done by a drone

ey, W by I g

Irradiance sensor

Battery pack
RGB camera
Sequoia camera
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AED delivery using an UAV system. Delivery of an AED in
simulated OHCA from 3 m altitude using latch-release from an UAV
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Large-scale engineering projects that operate
365 days a year - such as mining, infrastructure
and construction - are precisely why we need
high-performance persistent drones like the
QuestUAV, which can be self-maintained to
ensure this is reality.

Parachute landing capability for a fixed wing drone © Quest UAV.
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UAV-Enabled Wireless
Networks

Benefits and
Applications

Challenges

Optimal 3D placement
Channel modeling

Energy limitation

Flight time constraints
Performance analysis

Path planning

Security and privacy issues
Interference management
Backhaul connectivity

Coverage and capacity enhancement
LoS communications

o
@
¢ Internet of Things support
e On-demand communications
» e Fast, flexible and efficient deployment >
L ]
o
L ]
2

Emergency situations and disaster relief
No significant infrastructure: Low cost
Localization, search and rescue
Information dissemination

Opportunities, applications, and challenges of
UAV-enabled wireless networks.
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Indian Navy has developed an anti-swarm drone 30 mm ammunition that is
capable of building an wall around own warships or assets to protect it

from any attack by enemy swarm drones including hundreds of drones. The
30mm ammo is used by the AK-630 close-in weapon system.
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Selection of International Incidents Involving Drones

December 2002

Iraq: aircraft down a U.S. Predator

Russia downs a Georgian Hermes 450 in
leadup to war

February 2013

Pakistan calls U.S. drone strikes a violation of
sovereignty

October 2015

Turkey says i1t downed a Russian drone near
Syria

June 2017

A North Korean drone crashes in South Korea

June 2017

Pakistan downs an Iranian UAV 1n
Balochistan

December 2017

An Indian Heron crashes near disputed
territory on Chinese border

December 2017

The U.S. accuses Iran of supplying drones to
the rebels in Syria

The U.S. downs an Iranian drone in the
Persian Gulf

Sllall Glusads

Israel downs an Iranian-made drone

March 2009

The U.S. says it downed an Iranian drone in
Iraq
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December 2011

Iran says it downed a U.S. RQ-170 on spy
mission from Afghanistan

Japanese fighters respond to intrusion by
Chinese drone over disputed 1slands

May. June 2017

U.S. fighters down two Iranian Shahed-129s
in Syria

February 2018

Israel downs Iranian drone in Golan Heights

July 2018

Israel downs a Russian drone on the Syrian
border

June 2019

Iran downs a U.S. Global Hawk 1n the Gulf of
Oman
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Available third-party drone planning software and apps

NAME OPERATING SYSTEM  DESCRIPTION WEBSITE
BAUFLY Android and i0S The Federal Aviation Administration (FAA)  https://kittyhawk.io/b4ufly/
has produced this app to make it very
easy to know where in the US you can,
and cannot, fly your drone.
Airmap Android and i0S A comprehensive flight planning app that ~ www.airmap.com
also includes regulations for more than
20 countries. Can be used to program D)l
drones.
DroneDeploy Android and i05S Flight planning app and cloud-processing ~ www.dronedeploy.com
platform for 3D models and vegetation
indices (NDVI). Also offers an enterprise
platform
Mission Planner Mac and Windows  Computer based open source planning www.ardupilot.org/planner
software and image geo-positioning.
Oriented towards custom built drones
running Ardupilot software

DJl go Android and i0S Planning software designed for all models ~ www.dji.com/de/goapp
of D)l drones

Litschi Android and i0S Open source mission planning software wwwi flylitchi.com
designed for DJI drones

Maps made easy Web and i0S Web system for cloud processing of drone  www.mapsmadeeasy.com
data, and an integrated planning app for
DJl drones
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Unmanned

Terrain, weather, obstacles, .
other supplemental data Traffic Managemem
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National Airspace System E UAS Service Suppliers Oronss D 73:
National/Global Airspace Data Drone Operators
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Unmanned Traffic Management
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l— Operators obtain airspace authorization from ATC for
flight within/into controlled airspace.

UTM operations conducted up to 400 feet AGL within U.S. airspace.
Operators meet applicable regulatory and performance requirements when flying.

FL 600
18,000 MSL [Iais A
14,500 MSL Class E
(Class B
(lass C
(Class D
700 AGL 1,200 AGL

The complex volumetry “airspace” designations that broadly apply globally.
AGL = above ground level. FL = flight level (= height above ground level /100).
MSL = mean sea level
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KNOW BEFORE YOU GO!

WHERE CAN YOU
FLY YOUR DRONE? 20,254

REGISTER YOUR DRONE AND
GET YOUR BASIC OR ADVANCED
DRONE PILOT CERTIFICATE AT:

Canada.ca/drone-safety

Usze thiz map to find a safe
site to fly your drone:
bhttps://ncc.canada.calon/
drone-tool/

Always rezpect the
privacy of others
while flying.

Q

FLY YOUR DRONE:

BASIC OPERATIONS

whereyou.can TSI T T T T below Fly )
seeit HZ | 122m  30m {a>z;

at all times e 5 (400 feet) horizontally |

S from bystanders -

=2 |

|

I

J

ADVANCED OPERATIONS

1.9km

5.6km
e

from airports and outside
controlled airspace

» For eligible drones:

Get permission from NAV CANADA
to fly in controlled airspace:
naveanada.calrpas

away from emergency sites and
advertised events (concerts, parades)

e
’
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Drones are today operated offline through remote controls within
visual line of sight (VLOS) and will tomorrow be operated online
through cellular networks beyond visual line of sight (BVLOS)...

TODAY (2022) - Inspection of windfarm TOMORROW (2026) - Inspection of windfarm

Manual operations within visual line of sight (VLOS) Automatic operations beyond visual line of sight
through remote controls and pilots, with manual data (BVLOS) through 5G networks, with automatic data
transfers transfers
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Drones are today operated offline through remote controls within
visual line of sight (VLOS) and will tomorrow be operated online
through cellular networks beyond visual line of sight (BVLOS)...

TODAY (2022) - Inspection of windfarm TOMORROW (2026) - Inspection of windfarm

—em 2

Automatic operations beyond visual line of sight

Manual operations within visual line of sight (VLOS)
through remote controls and pilots, with manual data (BVLOS) through 5G networks, with automatic data
transfers transfers
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Large-scale engineering projects that operate
365 days a year - such as mining, infrastructure
and construction - are precisely why we need
high-performance persistent drones like the
QuestUAV, which can be self-maintained to

ensure this is reality.

Parachute landing capability for a fixed wing drone © Quest UAV.
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NIR spectrometer Zenmuse Z3 camera

Pyranometer
VIS spectrometer
Quantum sensor
Remote controller
VIS spectrometer
Quantum sensor P
NIR spectrometer
White panel
Pyranometer
Tripod

(b)

UAV (a) and ground (b) systems.
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Law enforcement

Security patrols on private property

Agricultural surveying

Communications relay

Incident command support

Aerial mapping

Aerial photography

Severe weather telemetry

University research projects

Search and rescue

Civilian Uses of Quadcopters
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Figure 6: Drone Operations in the Middle East By Theater
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Factories that produce military UAVs in Russia

Company Location Type of UAVs | Other Products Number of UAV annual
Employees | production rate
(2023)
STC St. Petersburg Orlan-10 (-20, No 2200 200-300
-30)
Kronshtadt UAV Dubna Orion No 1500 <10
factory
Luch Design Rybinsk Tipchak, Avionics 800 <20 of each type
Bureau (Vega Lastochka-M
Holding)
ZALA Aero Group lzhevsk ZALA drones, Counter-UAV EW 100 200-300
(Kalashinkov) KUB-BLA, Lancet systems
lzhevsk Izhevsk Granat-1(-2,-3,-4), No 180 <100
Unmanned Takhion
Systems
(Kalashnikov)
Supercam lzhevsk Supercam No 250 150
Unmanned
Systems
Eniks Kazan Eleron Flying Targets 300 <50
UZGA Yekaterinburg Forpost, Zastava, | Light commerial 4300-4500 <10 Forpost, <10
Altius aircrafts, repair of Zastava, single
engines UAVs Altiius
(protoypes)
Novosibirsk Novosibirsk S-70 Okhotnik Su-34, parts 6800-7000 Single UAVs for
aircraft plant for combat and trials (prototypes)
commercial
aircrafts
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TYPES OF CHINESE MILITARY DRONES

&) ! @&
SV

RECONNAISSANCE DRONES

Gathering intelligence on - enemy
positions, novements and
capabilities Jsing adio remote
control Tor artillery positioning,
surveiliance and range reconnaissance

« WING LOONG 1

« CASC CAl HONG
RAINBOW SERIES

« SOAR DRAGON

TYPES OF CHINESE MILITARY DRONES

N

ELECTRONIC
COUNTERMEASURES DRONES

Using radar jammers and signal
generators to create an 'electronic fog'

and confuse anemy systems
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TYPES OF CHINESE MILITARY DRONES

COMBAT DRONES

Used in air-to-air combat and ground
attack, carry out deep-depth attack
and defense suppression

TYPES OF CHINESE MILITARY DRONES

.. el
wN -

COMMUNICATIONS RELAY
DRONES
Performing data-transmission &

command and control between actors
in a networks-based warfare scenario
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Below are two tables showing the top 5 famous drones (both Military and Civil) till now and their crucial specs:

turbofan

cylinder engine

Name of Drone  MQ-9 Reaper (Predator) RO-4A Global Hawk MG-1C Grey Eagle TAl Anka CH-5
Country of Origin Usa UsSA USA Turkey China
Mznufacturer General Atomics Northrop Grumman General Alomics Turkish Agrospace China Acrospace

Aeronautical Systems, Aeronautical Industries (TAI) Science and
Inc. Systems, Inc. Technology
Corporaztion (CASC)
Paylozd Capacity | Up to 3,800 Lb (1,700 kg) | up to 3,000 lb (1,350 kg) 1,075 Ib (488 kg) 200kg 1000kg=-can carry 14
missiles at a single
time
Service Ceiling 50000 ft 60000ft 29000 ft 30,000 ft 2km
Engine Honeywell TPE331-10GD Rolls Royce-North Thielert's heavy=-fuel | 1x Thielert Centurion 2.0 unidentified turbo-
turboprop American F137-RR-100 engine turbocharged four- charged piston engine

(f,\\‘r
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Type Strike, coordination and | intelligence, surveillance Reconnaissance, Tactical surveillance and Combat 2nd
reconnaissance and reconnaissance, or Surveillance, and reconnaissance missions | reconnaissance drone
ISR Target Acquisition
(RSTA) and attack
operations
Range 1150 miles 8700 nm 2500nm 3024 mi (4896 km) 10000km
Piciure
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English Reference

1- Whitepaper Applications of drones in warehouse operations

Lukas Wawrla - Omid Maghazei - Prof. Dr. Torbjgrn Netland

2-Optimization approaches for civil applications of unmanned aerial
vehicles (UAVS) or aerial drones: A survey

Alena Otto 1- Niels Agatz 2- James Campbell 3- Bruce Golden 4- Erwin Pesch 5
3-A Tutorial on UAVs for Wireless Networks: Applications, Challenges,
and Open Problems.

Mohammad Mozaffari , Walid Saad, Mehdi Bennis , Young Han Nam,

Merouane Debbah
4- Drones — a view into the future for the logistics sector?

ANTHONY MONAGHAN
5- A Literature Survey of Unmanned Aerial VVehicle Usage for Civil

Applications

Mithra Sivakumar , Naga Malleswari

6- Unmanned Aerial Vehicles Landscape Analysis: APPLICATIONS IN
THE DEVELOPMENT CONTEXT.

USAID GLOBAL HEALTH SUPPLY CHAIN PROGRAM Procurement and Supply

Management (GHSC-PSM)

7- How Drones Can Be Used to combat COVID-19 -

UNICEF

8- The use of drones in the maritime sector — areas and benefits

West Pomeranian University of Technology in Szczecin Department of Safety and

Energy Engineering 41 Piastow Ave., 71-065 Szczecin, Poland

9- drones-for-monitoring-and-inspection

Global infrastructure Hub

10- Drone-Aided Delivery Methods, Challenge, and the Future: A
Methodological Review

Xueping Li *,1 , Jose Tupayachi § , Aliza Sharmin 1 and Madelaine Martinez

Ferguson

11-  Drone-assisted Multi-purpose Roadside Units for Intelligent
Transportation Systems

Nico Saputro, Kemal Akkaya, Ramazan Algin and Selcuk Uluagac

12-  Multi-Purpose UAVs: Towards Cost and Energy Efficient Aerial
Networks

Yujie Qin, Student Member, IEEE, Mustafa A. Kishk, Member, IEEE, and Mohamed-

Slim Alouini, Fellow, IEEE

13-  wfmmc-final-report-09-2023 ON FIRE: The Report of the Wildland
Fire Mitigation and Management Commission

14- amanda_ripley the unthinkable 2008

15- Public-Safety-Drones.

3rd-edition
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16- No Drone Zone —

Public Safety Small Drone Playboo

17- Microsoft Word - DRTHESIS almost done Use of drones for
firefighting operations

Master Thesis Report MSc. Risk and Safety Management - Student: Vlad Tiberiu

Radu

18- UAS ProgramConsiderationsEENA20210116

19-  nfpa2400.

20- Maneuvering and Payload Functionality Overiew (v2019-08-20-
Jacoff

21- Developing a Drone Policy for the Olathe Fire Department

22- Wixted NFPA_ANSI UAS 5 18 2017

23- Setting standards for drones in the First Responder Community

24- Classifications, applications, and design challenges of drones:

A review - M. Hassanalian, A. Abdelkefi

25-  Internet of Drones
MIRMOJTABA GHARIBI1 , RAOUF BOUTABAL AND STEVEN L. WASLANDER?2

26- Drones in medicine—The rise of the machines
27- Drones for Biodiversity Conservation and Ecological Monitoring
Ricardo Diaz-Delgado and Sander Micher
28- Greenness Indices from a Low-Cost UAV Imagery as Tools for
Monitoring Post-Fire Forest Recovery.
Asier R. Larrinaga and Lluis Brotons
29- Enhancement of Ecological Field Experimental Research by Means
of UAV Multispectral Sensing.
Ricardo Diaz-Delgado Gibor Qnodi , Gyorgy Kroel-Dulay and Miklos Kertész
30- Rapid Assessment of Ecological Integrity for LTER Wetland Sites by
Using UAV Multispectral Mapping.
Ricardo Diaz-Delgado, Constantin Cazacu and Mihai Adamescu
31- Estimating Wildlife Tag Location Errors from a VHF Receiver
Mounted on a Drone.
André Desrochers, Junior A. Tremblay, Yves Aubry, Dominique Chabot , Paul Pace
and David M. Bird6
32- Drone technologies for conservation .
James Duffy, Karen Anderson, Aurélie Shapiro, Felipe Spina Avino, Leon DeBell,
Paul Glover-Kapfer.
33- Ears in the Sky: Potential of Drones for the Bioacoustic Monitoring
of Birds and Bats. Adrien Michez, Stéphane Broset, Philippe Lejeune
34- FOUR-PROPELLERS UNDERWATER DRONE MODELLING
Mohamed MOUSTANIR, Karim BENKIRANE, Adil SAYOUTI1,, Hicham
MEDROMI
35- Unmanned aerial vehicles (drones) in out of- hospital-cardiac-arrest
A. Claessonl*, D. Fredmanl, L. Svenssonl, M. Ringhl, J. Hollenbergl, P.

Nordbergl, M. Rosenqvist2, T. Djarv1,S. Osterbergl, J. Lennartsson3 and Y. Ban3
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36- An Investigation of the Scientific and Humanitarian uses for a
Biological Unmanned Aerial Vehicle.

S-B-S iIGEM

37- UNDERWATER DRONE

Chirag Naik, Nai Mohammed Arbaz, Rahul Pandit, Assistant Prof. Sagar Ghuge

38- ULTIMATE GUIDE FOR DRONES

Mario Polj

39- Underwater Drone

Ambavaram Siva Jain (Deemed-to-be) University, Bangalore, Karnataka, India .

40- Sensors and 10T define future designs for autonomous underwater

Drones.

By Christian Kloch, Asger Nordlund, Ole Ngrrekar Mortensen and Brian Lohse,

41- Bio-inspired control for collective motion in swarms of drones.

Matthieu Verdoucq, Guy Theraulaz, Ramdn Escobedo, Clément Sire, Gautier

Hattenberger

42- Review of Biomimetic Approaches for Drones.

Saori Tanaka , Abner Asignacion , Toshiyuki Nakata2, Satoshi Suzuki and Hao Liu

43-  Aerial and underwater drones for marine litter monitoring in shallow
coastal waters: factors influencing item detection and cost-
efficiency.

Gabriela Escobar , Sanchez - Greta Markfort -Mareike Berghald - Lukas Ritzenhofen

Gerald Schernewski

44- Design and development of a submersible UAV

ADAM OLSSON

45- BioDrone: A Bionic Drone-Based Single Object Tracking
Benchmark for Robust Vision.

Xin Zhao - Shiyu Hu - Yipei Wang - Jing Zhang - Yimin Hu - Rongshuai Liu -

Haibin Ling - Yin Li -Renshu Li - Kun Liu - Jiadong Li

46- DEVELOPMENT OF A MULTI-PURPOSE UAV WITH BIO-
INSPIRED FEATURES.

Rodrigo Kuntz Rangel*,**, Karl Heinz Kienitz*, and Mauricio Pazini Brandéo

47- BioDrone: A Bionic Drone-based Single Object Tracking

Benchmark for Robust Vision.

Xin Zhao, Shiyu Hu, Yipei Wang, Jing Zhang, Yimin Hu, Rongshuai

Liu, Haibin Ling, Yin Li, Renshu Li, Kun Liu and Jiadong L.i

48- Biological and Chemical Threats and UAV Delivery Systems A
Lethal Combination.

Mrinmayee Bhushan.

49- A Beginner’s Guide to Drones, UAVs, and ROVs.

John Baichtal.

50- THE DRONE DATABOOK
DAN GETTINGER

51- Propulsion system for a small unmanned aerial vehicle
Oscar Andersson DennisWilkman
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52- Clarity from above
PwC global report on the commercial applications of drone technology

53-  5G Technology as the Backbone for Commercial Drone Usage
Ericsson Drone Mobility (EDM)

54-  Design of Autonomous underwater drone for achieving the
efficiency in the operation of the sensor package during monitoring of
water bodies

Muaz Abul-Muti

55- School Of Electrical And Electronics Department Of Electronics
And Communication Engineering .

Sathyabama Institute Of science and Technology

56- Drone Application for the Indian Power Sector

USAID & Indian Ministry Of power

57- Build your own quad copter

Donald Norris

58- Build Guide for Raspberry Pi Drone

Ramyad Hadidi, Bahar Asgari, Sam Jijina, Adriana , Amyette, Nima Shoghi, and

Hyesoon Kim

59- Make: Drones - Teach an Arduino to Fly .

by David McGriffy

60- Components for Creating an Unmanned Aerial Vehicle.
Mitch Johnson

61- Drone Design

(Runen Antuna Herrero)
62- Drone 101: A Must-Have Guide For Any Drone Enthusiast
Myin Uddin - Shenyang Aerospace University
63- PUBLIC SAFETY DRONES, 3rd EDITION
DAN GETTINGER
64- Drones - Applications in Agriculture
Udit Debangshi
65- Proposed method for building an anti-drone system for the protection
of facilities important for state security.
Jedrzej Lukasiewiczl, Anna Kobaszynska - Twardowska2
66- The Role of Drones in Future Terrorist Attacks
by Thomas G. Pledger
67- Awviation Law and Drones Unmanned Aircraft and the Future of
Aviation
David Hodgkinson and Rebecca Johnston
68- DRONES DETECTION USING SMART SENSORS
by Aishah Moafa , A thesis submitted in partial fulfillment of the requirements for the
degree of Master of Science in Cyber security Engineering at Embry-Riddle
Aeronautical University .
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69- China’s APPROACH TO MILITARY UNMANNED AERIAL

VEHICLES AND DRONE AUTONOMY
Anushka Saxena

70- RUSSIAN MILITARY DRONES(Past, Present, and Future of the

UAYV industry)
PAVEL LUZIN

71- Drone Wars, Defense Economics & Turkeys Way.
Dr. Can kasapoglu , Sine Ozxarasahin
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