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HISTORY

w1850s: Unmanned balloons - Beginning of unmanned aircraft concept

w1915: 1920: Kettering Bug (flying bomb)- Basic parameterization
(heading & timer)

w1930 - 1945: Radio-Controlled (RC) & Target Drones - iRemotely
pilotedo

w1950 - 1960: Miniaturization of RC Electronics - i R @obby b 0 0 mo

w1980 - 1990: Reconnaissance and Battlefield UAVs i Proven use cases
and increased funding

w2010 - present: Commercial Applications; RC & phone technology Source: mode,airmanenews_co

integration - Go | d e of DrAngs®
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Source: Amazon.com
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NAMES

RPA - Remotely Piloted Aircraft

RPV - Remotely Piloted Vehicle (International acceptance)
RPAS - Remotely Piloted Aircraft System

ROAV - Remotely Operated Air Vehicle

MAV - Micro Air Vehicle

UAV - Unmanned Aerial Vehicle

UAS - Unmanned Aircraft System

SUAS - Small Unmanned Aircraft System Source: Pinterest

Drone 172....... first used from battleship target drones in the 1930s (Havilland Queen Bee target
aircraft)
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UNMANNED Al RCRAFT ASYSTEMo (UAS)

A UAV does not fly alone -
but with interaction with a A
.
Gcs %%
Communication
Ground Control Station Drone
Pro——

Payload Data

- (S. Atoev, et al. 2018)
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WHY UAS?

A Satellites

Lower Resolution
Scheduled
Clouds

Limited coverage in some
areas

A Planes

Inefficient for small areas
Expensive

A UAS
" Ondemand

Under Clouds
Less corrections
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UAV SIZES

Military
use 5

CrazyFlie 2.0 (27 g) $1000 (4.0 Kg)
— il
N
: | I % i I ! | >
107! 10° 10 102 103 10% 105 10°

Weight (g)
(J.Burgues et al. 2019)

IJ JULICH

Mitglied der Helmholtz-Gemeinschaft Forschungszentrum



UAV TYPES
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Source: DJI

Multirotor

Pros

- Ease of use
Confined Areas
Accessibility
Feasible pricing
Hover Flight

Cons

Short flight times
Small Payload
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Source: uavcoach

Helicopter (single

rotor)

Pros

- VTOL and hover
Increased
endurance
Heavier payload

Cons
More dangerous
Harder to fly
Expensive

Sourpg:
Fixed g
Pros
- Long Endurance
- Fast flight speed

Cons

VTOL / Hybrid

Pros
- Rotor & wing advantages

Cons
- Not the best at forward or

_ Needs larger landing area hovering flight

- Harder to fly
- No hover
- Expensive

- Still in development
- Expensive

IJ JULICH

Forschungszentrum



RTK VS. DGPS

Differential Gobal PositioningSystem DGP$- is a correction
method (base station with known position) increases the
position determination of a GPS receiver (rover with
unknown and moving position) usifpeudo-range code.

The Real Time Kinematic (RTK)} works same way as the

DGPS method described above but does not use the codes sent
by the satellites but uses the radio waves themselves to
determine the distanceslhese carriephasesare correlated

with one another based on their wavelength.
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NAVIGATION AND CONTROL

Hover / climb/ descent - all motors

2

Yaw (pivot) left reaction from torque in clockwise
—1)O1OI'S
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Pitch forward/ forward flight -more thrust from back motors

Source: honors.libraries.psuedu

Roll right -more thrust from left side
motors
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GROUND CONTROL STATION - UAVY COMMUNICATION

B 7 ®
100m 100m - 2km 2km SoKm
B s i I e
Bluetooth Wifi Frequency Hopping
u Spread Spectrum Mobile Network Satellite
(FHSS)
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(2.4GHz, 5.8 GHz,
900 MHz, 400MHz)

Most common

(A. Cushley, J. Noel, 2015)
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MISSION PLANNING

A Common Parameters:

Speed
Height above ground
Heading

Sensor forward & side overlap

A Sensor and project specific
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MISSION TYPES

§
NS
} o ///
A Flight profiles depend on project scope \'2

GRID DOUBLE GRID CIRCULAR
A Several prepared templates In mOSt SOftware Be:lﬁ:jill)omNaps Bes?ﬁfc‘:rs:isl)'goNdels Best fo?ilir?g?:?[)Nmodels

- Single Grid/ hatch - (most common) for
orthomosaics
- Double grid / crosshatch - 3D mapping

- Orbit - 3D objects

2D Imagery Products Inspection and 3D Products

Source:
esri.com
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UAV IN PRECISION AGRICULTURE

y 1 y 4
I I S

MUI“ “ Hm”" i
spectral spectral |
Hyper ; ! ll

spactral
Soil sampling— Early weed Nutrient status Pathogen Drought Yield Detection of Yield map
soil conductivity detection assessment detection stress prediction lodging

detection
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IMAGING SYSTEMS

RGB, Multispectral and Thermal Sensors
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MULTISPECTRAL

A Every material on earth shows its own strength of reflection in each
wavelength when it is exposed to the electromagnetic waves

A Can distinguish between objects and their health based on reflectance in
certain band widths

A UAV multispectral camera consists of the sensor, GPS (geotagging), incident
light sensor (not always), calibration target with known reflectance

\\‘ Inciaent i
Light Sensor Image Digital Numbers Reflectance Maps
E’ - wie 1(5[(3]|5
"' ........... W o T A T2 T o] oveesemmsmsnmnnsnnsnnmnn
Y | 3/6]1]9 GRE
: 418|2(6
. ; Vegetation Index
Ambient Light | S— > - RED  -eeeeeeens > IR
At-Sensor Radiance Classification
/ - NIR
Surface Radiance [ENNTETITREINTNITY
m Reflectance Standard OICe e SssaTehpIeSs S0
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GROUND SAMPLING DISTANCE (GSD)

T , Zenmuse X5 specifications
¥ Detector
d, Array _
g Resolution: 4096 x 2160
Optics
Dimensions: 17.3 x 13.0 mm
FO
B Focal length: 15 mm

IFOV
S e Flight altitude: 100 m

NCENGE RN SN a b, T AN

i ixel resolution (x) = (17.3/4096) / 1000 = 4.2 Em
SD, = (100 * 4.2 10°) / 0.015 = 0.028 m

Footprint or GSD -

(Andraec, 2019)
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IMAGE OVERLAP

Image overlap is required e 2o Mol T o
for the photogrammetry =
and computer vision i

\

T A AT\
Desired overlap needs to // WVEAN \
be planned for v Lds 1
Sgﬁg‘;‘;;‘:‘jpwe i Example from Pix4D: point selected in the point

cloud and showing the corresponding tie points in

the images that correlated with that computed
location
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IMAGE OVERLAP
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OTHER CONSIDERATIONS

For 75% Overlap

150 m

Altitude

30 m

OK

Too fast/low

|
5m/s

25 m/s

Flight Speed

Source:
micasense.com
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Remember to consider flight speed, altitude, and shutter
speed to prevent blurry images

_vxt
GSD

V = velocity (m/s)

t = shutter speed (s)

b = blurry parameter

To minimize blur the distance travelled by the platform during
an exposure should be < 1.5 times the GSD (Ordnance survey,

2015)

Shutter speeds range from between 1/250 s to 1/1000 s with
slower speeds increasing the likelihood of detfimental motion

blur J JULICH
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GEOREFERENCING

="
A GPS marked locations to be referenced in images in post process
A Size and color for visibility from air (size according to GSD) GCPs
ﬁ (Ground Control Points) &

A Spread evenly across study area

Source.

Sensefly.com
A UAV GPS =~ 1m (fastest) w/ GCP =~1cm
A Can be time consuming but most trusted method - O i

O
€]
®
“u . .

Source. Geavis.si

Sure. Wrigwithrones.com ] ‘ ' J U L I c H
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3D MESHES VS DEMS

DEM has height values and can be visualized as 3D but is not true 3D

(Ga g athl. 2019) " JULICH
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OBLIQUE IMAGES FOR TREE HEIGHT

Tree Height (m)
Gauss: mean = 12.752136 / std.dev. = 6.461005 [1901 classes]
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Side Image of Trees of Interest

Count

Pt T
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C2C absolute dlstance_s

Tree Height (m)

Gauss: mean = 11.804856 / std.dev. = 4.788891 [2630 classe:

Count

T T ™ T
4.5 9 13.5 18 225 27
Jemp. approx. distances

Tree Height m

Gauss: mean = 13.400194 / std.dev. = 6.713097 [1633 classes]

Count
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UAV THERMAL IR CAMERA

A When the material gets hot, it radiates showing its own strength in each
wavelength

Ve

A When a plant is water stressed it is not transpiring and radiates more heat

A Thermal cameras have low resolution and therefore need higher altitudes for
increasing textures for the tie points in photogrammetry process

Ve

A Thermal calibration targets needed to get absolute temperature values

A Sensor affected by camera temperature changes that often correlate with

flight direction and wind
UAS LST throughout the day (20.07.21) @ Selhausen (ICOS Field)

. Example
Radiation characteristic

‘ Example
Reflection characterist ic

Strength of reflection Sremgth of radiation

P tnd Parine
e ——

1550..4 "S5 E

- S W at o sur fac

: M at o <
uhtran lodet ray simible ry Infrarcd microwave
Near Infrured | Intermediate Infrared fhermal 1nfrared
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THERMAL CALIBRATION METHODS

Qchanging Cloud Conditions

Relative wind

9
e

H Camera Temperature
L

Small UAS Thermal Imagery Issues:

A Vignetting from non-uniform cooling and temperatures around lens anc
during non-uniformity corrections (NUC)

Sensor Temperature noise

Wind affects on sensor temperature fluctuations

Ground references for accurate assessment and corrections

> >

Presented Solutions:

@O Humidity

Distance from Target
Air temperature

External heated shutter

Sensor covering to contain sensor heat and shield from wind
Slower flights planned to minimize the impacts of wind
Construction of ground thermal reference targets

> > v D

Corrected LST Mosaic = -1.933 + 1.109 * LST Mosaic

70-

=]
o
'

wn
=
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i. Targets

.
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'

Temp. Sensors

30-

30 40 50 60 70 I
Drone
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LIDAR

Light Detection and Ranging

IJ JULICH
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UAV LIDAR

Light Detection and Ranging (LIDAR) - is a method for measuring distances with differences in laser
return times by illuminating the target with laser light and measuring the reflection with a sensor

Distance = speed of light * time of travel / 2

Laser Laser
Transmitter Receiver

Source: onyxscan-lidar.com
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LIDAR VS. PHOTOGRAMMETRY

LIDAR (Active sensor) i

A More accurate in Z axis (nadir
configuration)

Can provide information underneath
vegetation canopy

A
A Not Affected by shadows
A

Attributes (intensity, echo, scan angle,
time)

Optical (Passive sensor) i
A More accurate in X & Y
A Cheaper and more accessible sensors
A More software

A Attributes (RGB texture) i can verify the
features
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LiDAR PHOTOS

Source:
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UAV LIDAR T FASSADE COVERAGE

Double hatch | Single hatch Double hatch ]
High Scan | High Scan Low Scan
Angle AL Angle Angle " S . . |

Best Coverage for urban Some oblique coverage Much lower oblique coverage

setting missing ‘ J U LICH
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STUDIES
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FARMING CASE STUDY 1 LIDAR CROP HEIGHT

Difference of DEMs (DoD)

t,=CSM,

= t,=CSM;
to=DT™ t;=CSM,
Growing season (N. Tilly, 2015)

Cloud to Cloud Distance (C2C)

nearest » CZC
neighbor X \
distance .- \.
.\ true N om)
[ 3 distance ‘. o
‘0‘. e
L
Reference U
cloud 'Y
N true’surfaces

(implicit)
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LIDAR CROP HEIGHT

Example from Campus Klein-Altendorf of crop height can
being monitored over time for winter wheat
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LIDAR GAP FRACTION

Count All Points in Grid (15cm)
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/
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/ \
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I Beer Lambert Equation |
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COMBINING SENSORS

Spatial Correlation:

. . Winter wheat point cloud ’ PAlLipar . GAluitispectra - PAIILLDSIE 3?‘11_‘%?{umulﬁspecwal
Concept of multi-sensor use in oo N
combination with the advantages of Fos I
UAS high resolution, on demand .. ... T
collections that provide a more e "
complete picture to improve farming et
strategies. = g

1020 £ >
3203000 3203005 3203010 3203015 3203020

The difference between the PAI
LIDAR and GAIl multispectral 23/06
methods and products allowed for o R
the hybrid estimation of Brown Area
Index (BAI).

Time-series of field average PAI, GAI, and BAI - 21/07

® Above Ground
® Ground

— PAlipsr GALupsent BAlyeas
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UAV IN FORESTRY

Overhead photographic insight into hard-to-inspect areas
Measuring volumes quickly while providing accurate tree counts
Mapping harvest units, and conducting post-harvest waste
assessments

Assess understorey

Inspections completed in a fraction of the time
Assess plant health and damage

View 3D images of forests

> >

> > > D
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UAV IN FORESTRY

Side View
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TREE SEGMENTATION

Individual treesegmentation shows the application

Diameter at Breadtleight (DBH) retrieval shows how we
of a region growing algorithm to delineate trees

extract DBH with Principle Component Analysis (PCA) a
DBSCAN

DBH retrieval from UAV-mounted LIDAR

- Point
* Trunk Point
m— PC1
— PC2
PC3

20
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