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What is an UAV 7

An unmanned aerial vehicle (UAV), commonly known as a drone, is an aircraft
without any human pilot, crew, or passengers on board. UAVs were originally
developed through the twentieth century for military missions too "dull, dirty or
dangerous for humans, and by the twenty-first, they had become essential assets
to most militaries. As control technologies improved and costs fell, their use
expanded to many non-military applications. These include aerial photography,
precision agriculture, forest fire monitoring, river monitoring, environmental

monitoring, policing and surveillance, infrastructure inspections, smugsling, product
deliveries, entertainment, and drone racineg.









History of The UAV

®* From the past to the present, UAVs have been used mainly in military affairs.
acting as a spy and Most attack missions, meanwhile, successful attack UAVs have

been reported to be It is easily damaged and prone to errors.

®* UAVs are used to a small extent in civilian operations such as firefighting. UAVs are

often used for more difficult and dangerous missions than manned aircraft.
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History of The UAV

Early drones

®* The earliest recorded use of an unmanned aerial vehicle for warfighting occurred in July 1849, with a balloon carrier (the
precursor to the aircraft carrier) in the first offensive use of air power in naval aviation. Austrian forces besieging Venice
attempted to launch some 200 incendiary balloons at the besieged city. The balloons were launched mainly from land;
however, some were also launched from the Austrian ship SMS Vulcano. At least one bomb fell in the city; however, due to
the wind changing after launch, most of the balloons missed their target, and some drifted back over Austrian lines and the

launching ship Vulcano.

® The Spanish engineer Leonardo Torres Quevedo introduced a radio-based control-system called the "Telekino" at the Paris

Academy of Science in 1903 with the intention of testing an airship of his own design without risking human lives.

® Significant development of drones started in the 1900s, and originally focused on providing practice targets for training
military personnel. The earliest attempt at a powered UAV was A. M. Low's "Aerial Target" in 1916.[38] Low confirmed that
Geoffrey de Havilland's monoplane was the one that flew under control on 21 March 1917 using his radio system.[39]
Following this successful demonstration in the spring of 1917 Low was transferred to develop aircraft controlled fast motor
launches D.C.B.s with the Royal Navy in 1918 intended to attack shipping and port installations and he also assisted Wing
Commander Brock in preparations for the Zeebrugge Raid. Other British unmanned developments followed, leading to the

fleet of over 400 de Havilland 82 Queen Bee aerial targets that went into service in 1935.



History of The UAV

Early drones (Count.)

® Nikola Tesla described a fleet of uncrewed aerial combat vehicles in 1915.[40] These developments also inspired the
construction of the Kettering Bug by Charles Kettering from Dayton, Ohio and the Hewitt-Sperry Automatic Airplane — initially
meant as an uncrewed plane that would carry an explosive payload to a predetermined target. Development continued
during World War I, when the Dayton-Wright Airplane Company invented a pilotless aerial torpedo that would explode at a

preset time.

® The film star and model-airplane enthusiast Reginald Denny developed the first scaled remote piloted vehicle in 1935.

® Soviet researchers experimented with controlling Tupolev TB-1 bombers remotely in the late 1930s.



History of The UAV

World War I

® In 1940 Denny started the Radioplane Company and more models emerged during World War Il — used both to train
antiaircraft sunners and to fly attack-missions. Nazi Germany produced and used various UAV aircraft during the war, like the
Argus As 292 and the V-1 flying bomb with a jet engine. Fascist Italy developed a specialised drone version of the Savoia-
Marchetti SM.79 flown by remote control, although the Armistice with Italy was enacted prior to any operational

deployment.
Postwar period

* After World War Il development continued in vehicles such as the American JB-4 (using television/radio-command guidance),
the Australian GAF Jindivik and Teledyne Ryan Firebee | of 1951, while companies like Beechcraft offered their Model 1001
for the U.S. Navy in 1955.[38] Nevertheless, they were little more than remote-controlled airplanes until the Vietnam War. In
1959 the U.S. Air Force, concerned about losing pilots over hostile territory, began planning for the use of uncrewed
aircraft.[44] Planning intensified after the Soviet Union shot down a U-2 in 1960. Within days, a highly classified UAV program
started under the code name of "Red Wagon". The August 1964 clash in the Tonkin Gulf between naval units of the U.S. and
the North Vietnamese Navy initiated America's highly classified UAVs (Ryan Model 147, Ryan AQM-91 Firefly, Lockheed D-21)
into their first combat missions of the Vietnam War. When the Chinese government showed photographs of downed U.S.

UAVs via Wide World Photos,[48] the official U.S. response was "no comment".



History of The UAV

Postwar period

® During the War of Attrition (1967-1970) in the Middle East, Israeli intellicence tested the first tactical UAVs installed with
reconnaissance cameras, which successfully returned photos from across the Suez Canal. This was the first time that tactical
UAVs that could be launched and landed on any short runway (unlike the heavier jet-based UAVs) were developed and

tested in battle.

® In the 1973 Yom Kippur War, Israel used UAVs as decoys to spur opposing forces into wasting expensive anti-aircraft missiles.
After the 1973 Yom Kippur war, a few key people from the team that developed this early UAV joined a small startup
company that aimed to develop UAVs into a commercial product, eventually purchased by Tadiran and leading to the

development of the first Israeli UAV.

® In 1973 the U.S. military officially confirmed that they had been using UAVs in Southeast Asia (Vietnam).[52] Over 5,000 U.S.
airmen had been killed and over 1,000 more were missing or captured. The USAF 100th Strategic Reconnaissance Wing flew
about 3,435 UAV missions during the war[53] at a cost of about 554 UAVs lost to all causes. In the words of USAF General
George S. Brown, Commander, Air Force Systems Command, in 1972, "The only reason we need (UAVs) is that we don't want
to needlessly expend the man in the cockpit." Later that year, General John C. Meyer, Commander in Chief, Strategic Air
Command, stated, "we let the drone do the high-risk flying ... the loss rate is high, but we are willing to risk more of them

...they save lives!



History of The UAV

Postwar period

® During the 1973 Yom Kippur War, Soviet-supplied surface-to-air missile-batteries in Egypt and Syria caused heavy damage to
Israeli fighter jets. As a result, Israel developed the IAl Scout as the first UAV with real-time surveillance. The images and
radar decoys provided by these UAVs helped Israel to completely neutralize the Syrian air defenses at the start of the 1982
Lebanon War, resulting in no pilots downed.[58] In Israel in 1987, UAVs were first used as proof-of-concept of super-agility,
post-stall controlled flight in combat-flight simulations that involved tailless, stealth-technology-based, three-dimensional

thrust vectoring flisht-control, and jet-steering.



History of The UAV

MQ-1 Predator UAV

Hewitt-Sperry Automatic Airplane
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Il First acquired in 2000-2004 .
B First acquired in 2005-2009 ‘
Bl First acquired in 2010-2014
W First acquired in 2015-2019

First acquired in 2020-2024

Countries that have acquired armed UAVs



I First used in 2000-2004
B First used in 2005-2009
" First used in 2015-2019 v'
B First acquired in 2010-2014, haven't used

I First acquired in 2015-2019, haven't used

~ First acquired in 2020-2024, haven't used

Countries that have conducted UAV strikes
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Countries that have developed armed UAVs.
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UAV Applications

Aerial photography










UAV Applications

® | aw enforcement
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UAV Applications

® Cargo transport
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UAV Applications

® Agriculture studies




UAV Applications

® Disaster relief




UAV Applications

® Environmental studies







UAV Applications

® Topographic surveys

https://irevolutions.org/2014/07/07/humanitarian-uav-missions-during-balkan-floods/






UAV Applications

® Urban studies
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UAV Components
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Types of UAV

Multi Rotor Drones
dji phantom 4 flight time
Max Flight Time Approx. 28 minutes

-
17 N >
T g
PHANTOM 4 PRO V2.0 )
1" 20 MP CMOS Sensor | 30-min Flight Time - l
Obstacle Sensing in Five Directions . ,\.4 y

https://www.dji.com/phantom-4/info
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Dongho Kang and Young-Jin Cha. Autonomous UAVs for Structural Health Monitoring Using Deep Learning and an Ultrasonic Beacon System with Geo-Tagging, Computer-Aided Civil and Infrastructure Engineering. 2018
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Types of UAV

Fixed-wing drones Fayszen
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Inverted joined wing scaled demonstrator programme JO - 29th Congress of the International Council of the Aeronautical Sciences, ICAS 2014



Types of UAV

How to launch the Fixed-wing UAV
®* Hand launch
® | auncher

® Run way

https://www.youtube.com/watch?v=dgwThsmRyqd
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e VTOL : Vertical take off and
/ \ Landing
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https://www.youtube.com/watch?v=kUfp87cDaE0






https://www.youtube.com/watch?v=UXjxCjVCTx4



Example : Multi-rotors UAV

The DJI Phantom 4 Pro / Pro+ is an extremely smart flying camera with five directions of
obstacle sensing made up of vision and infrared sensors, making it able to intelligently avoid
obstacles during flight.

lts brand-new camera offers unprecedented image quality for the Phantom, with greater clarity,
lower noise, and higher resolution photos and videos. Dual frequency support in the remote
controller makes the HD video downlink more efficient and more stable.

The Phantom 4 Pro/Pro+ V2.0 also features a more efficient propulsion system, as well as a
4dB (60%) operational noise reduction, as compared to the Phantom 4 Pro/Pro+. The

illustrations in this user manual use Phantom 4 Pro / Pro+ as an example.



Example : Multi-rotors UAV

Upgraded TapFlyM and ActiveTrack'M commands in the DJI GO 4 app, the Phantom 4 Pro / Pro+ flies anywhere visible
on-screen with a tap and tracks moving subjects effortlessly. Camera and Gimbal: The Phantom 4 Pro / Pro+, shoots at
4K at up to 60 frames per second and captures 20 megapixel photos that look crisper and cleaner than ever thanks to
the new 1-inch CMOS sensor. Its mechanical shutter and auto focus create an even better aerial shooting experience.
Flicht Controller: The flight controller has been updated to provide a safer, more reliable flight experience. A new flight
recorder stores critical data from each flight. A system of visual sensors enhance hovering precision when flying indoors
or in environments where GPS is unavailable. Dual IMUs and compasses design provides redundancy. HD Video Downlink:
The low-latency long range HD video downlink is powered by an enhanced version of DJI LIGHTBRIDGE'M for the
Phantom 4 Pro/Pro+, and DJI's latest long-range transmission technology OCUSYNC'M for the Phantom 4 Pro/Pro+ V2.0.
Support of both 2.4 GHz and 5.8 GHz wireless bands ensures a more reliable and stable connection in environments with
more interference. Remote Controller: The Phantom 4 Pro+ remote controller includes a 5.5 inch high luminance
monitor with integrated DJI GO 4 for full control. Intelligent Flight Battery: The new 5870 mAh DJI Intellicent Flight Battery
features upgraded battery cells and an advanced power management system to provide up to 30 minutes* of flight.
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Example : Multi-rotors UAV Multispectral

The P4 Multispectral imaging system contains six cameras with 1/2.9-inch CMOS sensors, including an RGB camera and a multispectral
camera array containing five cameras for multispectral imaging, covering the following bands: Blue (B): 450 nm T 16 nm; Green (G): 560 nm
+ 16 nm; Red (R): 650 nm + 16 nm; Red edge (RE): 730 nm + 16 nm; Near-infrared (NIR): 840 nm + 26 nm. The spectral sunlight sensor on
top of the aircraft detects solar irradiance in real-time for image compensation, maximizing the accuracy of collected multispectral data. The
P4 Multispectral uses a global shutter to avoid distortions that might be present when using a rolling shutter. The P4 Multispectral aircraft
has a built-in DJI Onboard D-RTK, providing high-precision data for centimeter-level positioning when used with Network RTK service or a DJI
D-RTK 2. Raw satellite observations and exposure event records can be used for post-processed kinematic (PPK) differential corrections
(supported later). The P4 Multispectral can hover and fly in extremely low altitude and indoor environments and provides multi-directional
obstacle sensing and vision positioning functions. Obstacles detection and avoidance in large range and landing protection enhance flight
safety. Built into the remote controller is the latest DJI OcuSync technology with enhanced anti-interference capability to deliver a more
stable and smoother image transmission. When combined with the receiver in the aircraft, the remote controller has a transmission range of
up to 4.3 mi / 7 km (FCC-compliant version). Connect an iPad to the remote controller via the USB port to use DJI GS Pro app to plan and

perform missions. Import the image data into DJI GS Pro or DJI Terra to generate multispectral index maps and view the analysis.



Red Edge (RE): Near-Infrared Green (G): 560
730nm 16 (NIR): 840 nm nmz16 nm
nm +26nm

Visible Light Red (R): 650 Blue (B): 450
(RGB) nm=16 nm nm+16 nm






Example : Multi-rotors UAV RTK

The Phantom 4 RTK aircraft has a built-in DJI Onboard D-RTK, providing high-precision data for centimeter- level positioning when used with Network RTK
service or a DJI D-RTK 2. Raw satellite observations and exposure event records can be used for post-processed kinematic (PPK) differential corrections. The
Phantom 4 RTK can hover and fly in extremely low altitude and indoor environments, and provides multi-directional obstacle sensing and vision positioning
functions. Obstacles detection and avoidance in large range and landing protection enhance flight safety. The Phantom 4 RTK is equipped with a 24 mm (35
mm format equivalent) wide angle camera, high-precision and anti-shake gimbal, 1-inch CMOS sensor, mechanical shutter to offer the best in aerial photo
analysis. Built into the remote controller is the latest DJI OcuSync technology with enhanced anti-interference capability to deliver a more stable and
smoother video downlink. When combined with the receiver in the aircraft, the remote controller has a transmission range up to 4.3 mi/ 7 km (FCC-
compliant version).

The remote controller is equipped with a 5.5-inch high luminance monitor, and an integrated DJI GS RTK App for real-time HD display. Users can plan flight
paths and perform flight operations in the app for operation types of Photogrammetry, Waypoint Flight, Linear Flight, Terrain Awareness Mode, Block
Segmentation, Linear Flight (Adjustable Height), and Angled Flight Route. For Photogrammetry, Linear Flight, Terrain Awareness Mode, and Block Segmentation
operations, simply tap on the map in the app or import files to set a flight area. For waypoint operations, fly the aircraft to set waypoints and configure
waypoint actions, then the aircraft will be able to perform automated operations.

The remote controller's Multi-Aircraft Control mode can be used to coordinate the operation of up to five aircraft at the same time, enabling pilots to work
very efficiently. Image data from the Phantom 4 RTK can be used to generate maps for field planning when operating a DJI AGRASTM aircraft. Users can also
import photos to the DUI PC GS Pro application or third-party mapping software to composite highly accurate maps for different applications.
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* Laws, rules and regulations for the use of unmanned aerial
vehicles in Thailand
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For flying drones in national parks, it is divided into two cases as follows.

1. UAVs fly, shoot, and record a private videos. without commercial distribution, Permission is

required from the Superintendent of National Parks.

2. UAVs fly, shoot, and record videos. With commercial distribution Permission must be
obtained from the Film Permission Department, special activity at Sueb Nakhasathien Building,
9th floor, Department of National Parks, Wildlife and Plant Conservation, Bangkok (in office
hours) after being approved by the Department Ask for permission from the head of the park.
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Aerial photography

For example, the main purpose is to have a flight to cover the area around
the country and to produce orthodox photosgraphs to be used as a base
map for the management of natural resources and property of the Ministry
of Agriculture and Cooperatives, as well as providing services to other

government agencies.

This aerial photographic flight has many elements. Related as follows
- Overlapping photographs

- Flight Line Index



Overlapping photographs

Overlap or Endlap

It is a photograph that overlaps along the plane. Which usually has
an overlapping size of about 55 - 65 percent, generally at 60 percent,

in some cases, there will be more overlapping areas.




Overlap or Endlap
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https://www.e-education.psu.edu/ge0g892/node/657



Overlapping photographs

Taking pictures like this will make between Figure 1 and 3, there is still another 10%
overlapping area. This is to ensure that even if one picture 2 is missing, The imaging still covers
the entire area, but Figures 1 and 3 are not stereo pair images in the photogrammetry work.

because there is only a slight overlap
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Overlapping photographs

Sidelap

It is taking pictures to have overlap in each
flicht line or side flight line. which is about

15 - 35 percent overlapping in size
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Flight Line Index

® Flight Line Index is a document to show the characteristics of flying aerial photography.

Most of them are group photos covering the study area.

® Makes it possible to know the direction of the positioning of aerial photographs in the flight

direction. And can search for any number of photographs that cover the area to be studied.
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The characteristics of aerial photography

Features of aerial photographs

- Opftical properties

- Geometric Property



The characteristics of aerial photography

- Opftical properties
Brightness and Tone
Conftrast

- Geometric Property
Scale
Spatial Resolution
Aerial-Photo Error Accuracy



The near plane of the
OpenGL camera is the
counterpart of the
physical camera image
sensor chip, a device
that converts an
optical image into an

electronic signal.
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https://www.researchgate.net/figure/The-near-plane-of-the-OpenGL-camera-is-the-counterpart-of-the-physical-camera-image_figd 259001447



Virtual objects
(3D models)

Perspective projection

Viewport
(Computer screen)

View frustum

Field of view

i http://www.real3dtutorials.com/tut00002.php



Aerial Photo Scale

Aerial Photo Scale is the ratio of range ab : AB Can be shown in the equation 1

S = f/H

e
S = Scale of Aerial Photograph
f = Focal lenght

H = Aircraft flying height
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Ground

Mean Sea Level




Exercises

This aerial photograph was taken with a 152mm focal length camera, taken vertically at a
height of 2,780 meters above mean sea level. If the photographed terrain is 500 meters high,

what is the scale of this photograph ?

S, =t/H-h =01520 /2,780- 500y

= 1/15.000 w39 1:15.000
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Spatial Resolution

the minimum Mapping Unit means the smallest unit of the human eye that can distinguish

or interpret an object. in aerial photographs. It is typically about 0.2 mm.

For example, an aerial photograph has a scale of 1:15,000, so an aerial photograph will have an
MMU of 3 meters.

1 mm. = 15 m.
0.2 mm. = 3m.

This means that the user of this aerial photograph cannot recognize objects if they are less

than 3 meters in width and length and the correct position for this map is within 3 meters.



Positional discrepancy in aerial photographs

*Tilt Displacement

®*Relief Displacement
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https://support.pixdd.com/hc/en-us/articles/205675256-How-does-PixdDmapper-define-Yaw-Pitch-Roll-



- Crab

- Drift

Planned flight line

https://www.slideshare.net/SumitSumit8/aerial-photography-and-photogrammetry
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