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7. ADVANCED TECHNOLOGIES
IN AERIAL MAPPING

Biruté Ruzgiené, Lina Kukliené, Indrius Kuklys, Dainora Jankauskiené

Aerial mapping is one of the most advanced methods to obtain information about
the surface of the Earth and other objects using remote sensing technology. The qual-
ity of cartographic products and 3D models mainly depends on the success of aerial
photography/ scanning mission, qualified guidance of photogrammetric workflow,
appropriate realization of aerial mapping requirements.

7.1. Concept of Remote Sensing

Remote Sensing (RS) is defined as the acquisition and analysis of remotely sensed
images to gain information about the state and condition of an object through sen-
sors that are not in physical contact with it and discover relevant knowledge for deci-
sion making. Remote sensing for environmental monitoring and Earth observations
can be defined as: it is the art and science of obtaining information about the sur-
face or subsurface of the Earth without needing to be in contact with it. This can be
achieved by sensing and recording emitted or reflected energy toward processing,
analyzing, and interpreting the retrieved information (Chang, Bai, 2018)

Remote sensing technology is used for the mapping of the Earth’s surface
and objects. Data are obtained from different sensors arranged at different platforms
(unmanned aerial vehicles, airplanes, spacecraft and satellites, ships and submarines),
ground stations, without touching the objects to be mapped. The usage of different
platforms has its own advantages and disadvantages (Tab. 7.1).

In capturing imagery in remote sensing, the following factors should be consid-
ered: flight restrictions, image resolution and coverage. Sensors, equipped at satellites,
capture data at a global scale, unmanned aerial vehicles better to use for flying over
small areas, airplanes and helicopters take the middle position.
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TABLE 7.1. Evaluation the usage of different platforms (Source: WEB-1)

Unmanned aerial vehicles

Platforms (UAVS)

Airplanes and helicopters

Low Earth orbit satellites

Very high-resolution
imagery programmable
flight paths; LiDAR
capabilities.

Advantages

High resolution imagery;
pilot-flown flight paths;
LiDAR capabilities.

High to coarse resolution
imagery; large coverage
extent.

Disadvantages | Very small coverage

extent; visual line of sight.

Small coverage extent;
flight operation.

Coverage limited
to orbital path; cloud
obstructions.

Types of remote sensing and their some features are presented in Figure 7.1.

Aerial remote sensing:
Height: < 30 km
Coverage: 10~1000 km’

UAV-based remote sensing:
Height: < 3 km
Coverage: 0.1~100 km’

Satellite remote sensing:
Height: > 150 km
Coverage: 10~1000 km’

FIG. 71. Types of remote sensing/ platforms (satellite, manned aviation and low-altitude UAV)
(Source: Xiang, Xia, Zhang, 2019)

Two types of sensors are used in remote sensing:

1. Passive, when photographing with optical photography systems - electromagnetic
energy reflected or radiated from the Earth’s surface is collected. This method
involves the production of an aerial photograph.

2. Active, when electromagnetic energy is generated in the system itself. The Earth’s
surface is scanned with radar (RADAR - Radio Detection and Ranging, IFSAR

- Interferometric Synthetic Aperture Radar) or laser (LiDAR - Light Detection
and Ranging) systems (Ruzgiene, 2008).
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Figure 7.2 shows principle of passive and active sensors, equipped at unmanned
aerial vehicle, operation.
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FIG. 7.2. Principle of passive and active sensors operation (Source: WEB-2)

Data from remote sensing are used for: the construction of small-scale topographic
and thematic (geological, tectonic, geobotanical, landscape, etc.) maps; updating
the cartographic material; mapping of rapidly changing objects (for example, agri-
cultural land, minerals, cities, roads and hydraulic equipment, construction sites);
mapping under-explored and hard-to-reach areas; creating operational maps; mon-
itoring the dynamics of various processes and phenomena; determining the type
of crop, crop area or condition; monitoring the growth process of agricultural land,
forecasting the yield; determining the thickness of snow cover in large areas; study-
ing the seasonal movement of ice in the oceans, etc.

Remote sensing technology continues to be developing and improving, with the appear-
ance of more uses and opportunities to create value in new industries and fields of study

- from environmental science to public safety, to telecommunications. Several different
remote sensing methods are available today, and each comes with strengths and limitations.

The most popular remote sensing type is UAV-based remote sensing with applica-
tion of UAV-Photogrammetry and Light Detection and Ranging (LiDAR) technologies.

7.2. Remote sensing with Unmanned Aerial System

The use of the Unmanned Aerial System (UAS) for the mapping of objects with var-
ied form of topography leads to a new level of surveying technology. UAS defined
as Aerial Imaging solution is designed for the reduction of time and cost collecting
aerial cartography data as well guarantees the reliability of mapping products.
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The typical components of the mobile segments are as follows (Armenakis, Patias,

2019):

e the vehicle platform (UAV), which enables motion and houses the engine and all
other systems;

e the navigation module, which guides and controls the motion of the platform
and includes the onboard, autopilot, global navigation satellite system (GNSS),
inertial measurement unit (IMU), altimeter, compass and navigation cameras;

e telecommunication links (command and control, downlink telemetry and sen-
sor data);

e the propulsion system and power generation system, including batteries and fuel
tank;

e mapping sensors (still/video optical cameras, thermal, multispectral and envi-
ronmental sensors, and laser scanners).

7.2.1. Substantial features of UAS

The past few decades have witnessed great progress for Unmanned Aerial Vehicles
(UAVs) in civilian fields, especially in remote sensing and photogrammetry. In con-
trast with manned aircraft and satellites, platforms flying at low altitude have many
promising characteristics: flexibility, efficiency, high spatial/ temporal resolution, low
cost, easy operation, and so forth, that make them an effective complement to the other
remote sensing platforms and a cost-effective means for remote sensing.
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RETRACTABLE . N INTELLIGENT FLIGHT
LANDING GEAR I e S | BATTERY

© ,@~—- MULTIPLE CAMERA
5 COMPATIBILITY

FIG. 7.3. Basic components of UAV (Source: WEB-3)

230



Unmanned aerial vehicles of different models, classification and categories can be
used for aerial mapping, for example, helicopters with four or six wheels, the fixed-
wing UX5 from the company Trimble, etc. The company Da-Jiang Innovations (DJI),
China, rapidly turns to a new standard in mapping of territories combining a robust
and highly user-friendly system. The standard technical means from DJI used for sur-
face data acquisition are: the platform MATRICE 600 PRO with a custom-designed
camera ZENMUSE X5, thermal camera ZENMUSE XT, laser scanner MAPPER LITE
2, GPNS. The MATRICE 600 PRO is a hexa-copter specifically designed for professional
and industrial applications. It features an enhanced flight performance with the capabil-
ity to carry a heavier payload. The vehicle also comes with pre-installed arms and anten-
nas that reduce set up time. The MATRICE 600 PRO features six rotors for added redun-
dancy and stability in the air. The vehicle also features six batteries for added safety
and an extended flight time. Basic components of UAV are presented in Figure 7.3.

Main features of DJI MATRICE 600 PRO:

e Weight (with six TB47S batteries) - 9,5 kg.

Max wind resistance — 8 m/s.

Max speed - 65 km/h.

Hovering accuracy (P-GPS) - vertical: £0,5 m, horizontal: +1,5 m.

Hovering time (with six TB47S batteries and scanning equipment) - 32-35 min.
Max service ceiling above sea level — up to 2500 m.

Max takeoft weight — up to 15,5 kg.

e Operating temperature — -10°C to 40°C.

The gimbal light camera ZENMUSE X5 mounted at DJI MATRICE 600 PRO can
be successfully used for the photogrammetric data acquisition. The main features
of the camera ZENMUSE X5 is presented in Figure 7.4.

Sensor: ZENMUSE X5

Size - 17,3x 13,0 mm

Type - CMOS

(complementary metal-oxide semiconductor)
Pixels - 16 M

Resolution — 4608 x 3456 px

Optics:

Focal length — 15 mm / 30 mm

Video:

Resolution — 4096 x 2160 px

Format - MP4 / MOV

132 mm

145 mm

I~ gl

l<

FIG. 74. Main features of gimbal camera ZENMUSE X5 (Source: WEB-3)

A 3D laser scanning system of special type can be mounted quickly on any UAV
when the requirement is the use of LiDAR (Light Detection and Ranging) technol-
ogy. One of the most popular laser scanners is YellowScan MAPPER LITE 2, that has
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an easy-to-handle, easy-to-use and accurate system. This scanner is fully autonomous,
has direct georeferencing workflow for increased accuracy and efficiency of mapping
from UAVs. The main features of laser scanner YellowScan MAPPER LITE 2 is pre-
sented in Figure 7.5.

MAPPER LITE 2

Weight — up to 2,2 kg

Navigation systems:

GPS, GLONASS, Beidou, Galileo1, SBAS
Optimal scanning height — 10-75 m
Scanning precision — 10 cm (XY), 5 cm (2)
Shots per second — 18500

Laser scanning technology — up to 3 echoes per shot

FIG. 75. Main features of laser scanner MAPPER LITE 2 (Source: WEB-2)

The 3D laser scanning system is fueled by the needs of surveyors, researchers, asset
managers and all people requiring LiDAR data.

7.2.2. UAV-Photogrammetry

The modern technology of UAV-Photogrammetry is used for remote sensing of sur-
faces, acquiring a huge number of images and processing of the photogrammetric
data. Photogrammetry is one of the most advanced methods to acquire information
about the surface of the Earth and other objects using photographic images. The use
of unmanned aerial vehicles (UAVs) with the integrated camera for image captur-
ing, GPNS, the management equipment and specialized software for the process-
ing of images has been rapidly expanding for aerial mapping. The orthophoto maps
of high accuracy (quality) and three-dimensional surface models are the main prod-
ucts generated by the use of aerial photogrammetric technology.

The UAV-Photogrammetry technology contains the use of UAV with integrated
photographic equipment for gaining images of surfaces, flight planning and control,
photographic image processing by specialized software.

A typical workflow for the use of UAV-Photogrammetry technology is presented
in Figure 7.6. Main steps are: mission planning > image acquisition > UAV image
processing (triangulation and DTM/ DSM generation).

The image data processing software Pix4Dcapture and Pix4Dmapper developed
at Computer Vision Lab in Switzerland is the main tool for the application of mod-
ern technologies with the use of UAV. Pix4Dcapture is the flight planning and image
acquisition module involved in the software Pix4D.
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FIG. 76. Typical workflow applying the UAV-Photogrammetry technology (Source: Nex, Remon-
dino, 2014)

Pix4Dmapper is an image processing software that is based on automatically find-
ing thousands of common points between images. Each characteristic point found
in an image is called a keypoint. When 2 keypoints on 2 different images are found to be
the same, they are matched keypoints. Each group of correctly matched keypoints will
generate one 3D point. When there is high overlap between 2 images, the common area
captured is larger and more keypoints can be matched together. The more keypoints
there are, the more accurately 3D points can be computed. Therefore, the main rule
is to maintain a high overlap between the images.

image width ]
Area of interest

image
height

[ — el

side
overlap —

frontal
overlap =

FIG. 77. Ideal image acquisition plan — general case (Source: WEB-4)
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As the image acquisition plan has a high impact on the quality of the results,
it is important to design it carefully. The recommended overlap for most cases
is at least 75% frontal overlap (with respect to the flight direction) and at least 60%
side overlap (between flying tracks). It is recommended to take the images with a reg-
ular grid pattern (Fig. 7.7). The camera should be maintained as much as possible
at a constant height over the terrain/ object to ensure the desired ground sample
distance (GSD).

The module Pix4Dcapture offers the possibility to fly four different kinds of auto-
pilot missions and one manual but semi-automatic mission (Fig. 7.8). To get the best
results out of the image acquisition plan, the type of mission has to be chosen depend-
ing on the terrain/ objects that need to be reconstructed.

=g RON-

POLYGON GRID DOUBLE GRID CIRCULAR FREE FLIGHT
For 2D maps For 2D maps For 3D models For single 3D models Advanced users

FIG. 78. Different kind of autopilot missions (Source: WEB-4)

In an aerial mapping survey, are using ground control points (GCPs) are used
which the surveyor can precisely pinpoint: with a handful of known coordinates,
it is possible to accurately map large areas. A GCP is a point of known coordinates
in the area of interest. Its coordinates can be measured using traditional surveying
methods measuring with GPS or total stations; obtaining by other sources (LiDAR,
older maps of the area, web map service, even from Google Earth application). Ground
control points can be anything that can be easily recognized in the images. Typically,
they look like a small section of a checkerboard. The shape leaves very little ambigu-
ity about where the ‘point’ of a ground control point is. They’re almost always black
and white because it is easier to recognize high contrast patterns. In order to obtain
more precise aerial mapping products, the points/ targets are distributed in a spe-
cific order: projecting points at the edges of an object considering configuration, but
not so close to the margins because they will not be seen in several images; one point
in territory center, as well as points in the areas of a complicated relief (Fig. 7.9).
Recommendation for GCPs number - 5 points, minimum - 3, usually - 5-10. Each
of GCPs should be seen in 2 images as a minimum, if relief is complicated - 5 GCPs
should be seen in 5 images.

The Pix4Dmapper software is supplied with computer-vision algorithms com-
bined with proven state-of-the-art photogrammetric techniques to produce outputs
with the highest accuracy and with minimal manual interaction. This software is a new
concept extending the stereo view triangulation and increasing the accuracy of 3D
modelling. Aerial images are imported in consideration with their locations, orienta-
tions, and camera calibrations parameters. The use of photogrammetric algorithms
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allows correction of the image orientations. The software at first performs the adjust-
ment with photo tie points, automatically matching the tie points in all images.
Tie points are usually distributed densely, even in low terrain texture. Pix4Dmapper
software has efficient possibilities for orthophoto generation, surface modelling, etc.
Operations with this package are fully automated and flexible, data input is scalable,
output data are easily editable and on-site quality assessment is instant.

— Area of interest
® GCP

FIG.79. GCPs and their typical distribution (Source: WEB-4)

Using different platforms and sensors for capturing the images, the main pho-
togrammetric procedures remain as follows: aerial triangulation, images orienta-
tion, generation of point cloud for surface modelling, production of orthophoto map
and vector data collection for GIS or cartographic needs. The relation between images
and object coordinates can be establish, when the coordinates of ground control
points are determined.

Figure 7.10 shows aerial mapping products generated by the use of UAV-
Photogrammetry technology; image processing has been performed with software
Pix4Dmapper.

FIG. 710. Aerial mapping products: orthophoto map and DSM (Source: own elaboration, 2020)
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7.3. Remote sensing with laser systems: LIDAR technology

LiDAR, which stands for Light Detection and Ranging, is a remote sensing method
that uses light in the form of a pulsed laser to measure ranges (variable distances)
to the Earth. These light pulses, combined with other data recorded by the airborne
system, generate precise, three-dimensional information about the shape of the Earth
and its surface characteristics (WEB-5). Pulses of light are emitted from a laser scanner,
and when the pulse hits a target, a portion of its photons are reflected back to the scan-
ner. Because the location of the scanner, the directionality of the pulse, and the time
between pulse emission and return are known, the 3D location (XYZ coordinates)
from which the pulse reflected is calculable. The laser emits millions of such pulses,
and records from whence they reflect producing a highly precise 3D point cloud
(model) which can be used to estimate the 3D structure of the target area.

A LiDAR instrument principally consists of a laser, a scanner, and a special-
ized GPS receiver. Airplanes and helicopters are the most commonly used platforms
for acquiring LiDAR data over broad areas. Two types of LiIDAR are: topographic
and bathymetric. Topographic LiDAR typically uses a near-infrared laser to map
the land, while bathymetric LiDAR uses water-penetrating green light to also meas-
ure seafloor and riverbed elevations.
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FIG. 711. Principle of LiDAR operation (Source: WEB-2)
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The principle of LiDAR operations (Fig. 7.11):

Emitting a laser pulse on a surface;

Catching the reflected laser back to the LiDAR pulse source with sensors;
Measuring the time laser travelled;

Calculating the distance from source with the formula:

Distance = (Speed of light x Time elapsed) / 2.

L

The equipment needed to measure a million distances from sensors to surface
points is installed in a LiDAR system. This advanced-technology operates really fast
as it is able to calculate the distance between LiDAR sensors and target. LIDAR sys-
tems integrate 5 main components whether they are used on automotive, aircrafts
or unmanned aerial vehicles:

Flying vehicle.

Scanning laser emitter-receiver unit.
Differentially-corrected GPS.
Inertial measurement unit (IMU).
Computer.

SU o

LiDAR systems pulse a laser light from various mobile systems (automobiles, air-
planes, unmanned aerial vehicles) through air and vegetation (aerial laser) and even
water (bathymetric laser). A scanner receives the light back (echoes), measuring dis-
tances and angles. The scanning speed influences the number of points and echoes
that are measured by a LiDAR system. The choice of optic and scanner influences
greatly the resolution and the range in which you can operate the LiDAR system.

);i. -"&“ & g‘ u‘f{r

FIG. 712. 3D model generated from LiDAR data (Source: own elaboration, 2020)

Whether a LiDAR sensor is mounted on an aircraft, car or UAV (Unmanned Aerial
Vehicle), it is crucial to determine the absolute position and orientation of the sen-
sor to make sure data captured are useable data. Global Navigation Satellite Systems
(GNSS) provide accurate geographical information regarding the position of the sen-
sor (latitude, longitude, height) and an Inertial Measurement Unit (IMU) defines
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at this location the precise orientation of the sensor (pitch, roll, yaw). Data recorded
by these devices are then used to generate data into static points: the basis of the 3D
mapping point cloud.

In order to collect the data, computation is required to prepare the LiDAR sys-

tem to work by defining precise echo position. It is required for on-flight data visu-
alization or data post-processing as well to increase precision and accuracy delivered
in the 3D mapping point cloud.

LiDAR data - acquired dense point cloud can be processed using the software

MicroStation, Bentley. This software is an innovative and integral technology of today
providing possibilities for 3D surface modelling. Properly generating a digital sur-
face model, it is necessary to add the TerraScan and TerraMatch toolbars (WEB-6).
Figure 7.12 shows 3D models of a surface, generated from LiDAR data.
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7. PAZANGIOSIOS AEROKARTOGRAFAVIMO
TECHNOLOGIJOS

Biruté Ruzgiené, Lina Kukliené, Indrius Kuklys, Dainora Jankauskiené

Nuotoliniy tyrimy technologijai priskiriamas aerokartografavimas, kuris yra vie-
nas i§ pazangiausiy bidy informacijai apie Zemeés pavirsiy ir kitus objektus gauti.
Kartografiniy produkty ir 3D modeliy kokybé daugiausiai priklauso nuo tinkamai
parengto aerofotografavimo (skenavimo) skrydziy projekto, kvalifikuotai atlikty foto-
grametriniy procesy bei sékmingo skrydziy realizavimo vietovéje.

7.1. Nuotoliniy tyrimy samprata

Nuotoliniai tyrimai (RS - Remote Sensing) - tai fotografiniy vaizdy gavimas, apdo-
rojimas ir analizé, kai neprisilieciant prie objekto, specialiy jutikliy pagalba siekiama
surinkti informacija apie objekta ir jo padétj bei gauti tinkamus duomenis jvairiems
sprendimams priimti. Aplinkos ir Zzemés pavirsiaus stebéjimams skirtg nuotoliniy
tyrimy technologija dar galima apibadinti ir taip - tai menas ir mokslas patikimai
informacijai apie Zemés pavirsiy ir ant jo esanéius objektus gauti, neturint tiesioginio
salycio, fiksuojant ir i$saugant skleidziamga ar atspindéta nuo zemés pavirsiaus elek-
tromagnetine energija, gaunama informacija, kuri yra apdorojama, analizuojama ir
interpretuojama (Chang, Bai, 2018).

Nuotoliniy tyrimy technologija naudojama Zemés pavirsiui ir objektams karto-
grafuoti. Fotografiniai duomenys gaunami i$ jvairiy jutikliy, jrengty skirtingose plat-
formose (bepilotése skraidyklése, léktuvuose, erdvélaiviuose ir palydovuose, laivuose ir
povandeniniuose laivuose) bei antzeminiy stociy, neprisilie¢iant prie kartografuojamy
objekty. Skirtingy platformy naudojimas turi savy privalumy ir trakumy (7.1 lentelé).
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71.LENTEL. Skirtingy platformy naudojimo vertinimas (Saltinis: WEB-2)

Platformos | Bepilotés skraidyklés (UAV) | Léktuvai ir sraigtasparniai .nges G .
skriejantys palydovai
Privalumai | Labai aukstos skiriamosios | AukStos skiriamosios Aukstos ir didelés
gebos fotografiniai vaizdai; gebos fotografiniai vaizdai; | skiriamosios gebos
automatiskai projektuojamos | pilotuojamos skrydzio fotografiniai vaizdai;
skrydziy trajektorijos; LiDAR | trajektorijos; LiDAR didelé apréptis.
taikymo galimybé. taikymo galimybé.
Trukumai | Labai maza apréptis; Maza apréptis; skrydzio Apréptis priklauso tik
vizualiné stebéjimo zona. valdymo principas. nuo orbitos trajektorijos;
kliutys dél debesuotumo.

Gaunant fotografinius vaizdus nuotoliniy tyrimy badu, atsizvelgiama j Siuos veiks-
nius: skrydziy realizavimo parametrus, fotografiniy vaizdy skiriamaja geba ir foto-
grafuojamos vietovés dydj. Palydovuose jrengti jutikliai fiksuoja duomenis globali-
niu mastu, bepilotése skraidyklése jrengtomis fotokameromis aerofotografuojamos
nedidelés teritorijos, o léktuvuose ir sraigtasparniuose - vidutinio dydzio teritorijos.

Nuotoliniy tyrimy platformy tipai ir kai kurios jy savybés pateiktos 7.1 paveiksle.

Aerial remote sensing:
Height: < 30 km
Coverage: 10~1000 km’

UAV-based remote sensing: k Satellite remote sensing:
Height: < 3 km Height: > 150 km
Coverage: 0.1~100 km’ Coverage: 10~1000 km’

71. PAV. Nuotolinio stebéjimo platformy tipai (palydovai, pilotuojami léktuvai ir Zemai skrendancios
bepilotés skraidyklés) (Saltinis: Xiang, T., Xia, G., Zhang L., 2019)
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Nuotoliniam stebéjimui naudojami dviejy tipy jutikliai:

1. Pasyvieji, kai fotografuojama optinémis fotografavimo sistemomis — fiksuojama
atsispindéjusi arba i§spinduliuota nuo Zemés pavirsiaus elektromagnetiné ener-
gija. Taikant §j metodg, gaunama aerofotonuotrauka.

2. Aktyvieji, kai elektromagnetiné energija generuojama paciame jutiklyje. Zemés
pavirsius skenuojamas radiolokacinémis (RADAR - Radio Detection and Ranging,
IFSAR - Interferometric Synthetic Aperture Radar) arba lazerinémis (LiDAR - Light
Detection and Ranging) sistemomis (Ruzgiené, 2008).

7.2 paveiksle parodytas bepilotéje skraidykléje integruoty pasyviyjy ir aktyviyjy
jutikliy veikimo principas.

Nuotoliniy tyrimy duomenys naudojami topografiniams ir teminiams (geologi-
niniams, tektoniniams, geobotaniniams, krastovaizdzio ir kt.) Zemélapiams suda-
ryti; kartografinei medziagai atnaujinti; greitai kintantiems objektams (pavyzdziui,
zemés ukio paskirties plotams, naudingyjy iskaseny teritorijoms, miestams, keliams
ir hidrotechniniams jrenginiams, statyby aiksteléms) kartografuoti, nepakankamai
iStirtoms ir sunkiai pasiekiamoms vietovéms kartografuoti; jvairiy procesy ir reiski-
niy dinamikai stebéti; paséliy rasiai, plotui ar biklei nustatyti; Zemés tkio paskirties
ploty kitimui stebéti, derliui prognozuoti; sniego dangos storiui didelése teritorijose
nustatyti; sezoninio ledo judéjimui vandenynuose tirti ir kt.

Passive sensor Activesensor
- ) o\

e N

A

———————
7.2. PAV. Pasyviujy ir aktyviyjy jutikliy veikimo principas (Saltinis: WEB-2)

Tobuléjant nuotoliniy tyrimy technologijoms, atsiranda vis daugiau panaudo-
jimo sric¢iy ir galimybiy taikyti naujose gamybinése Sakose bei mokslo srityse (aplin-
kosaugoje, visuomenés saugumo, telekomunikacijy jrengime, kt.). Skirtingi nuotoli-
niy tyrimy metodai turi ir privalumy ir trakumy.
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Pastaruoju metu nuotoliniai tyrimai daznai atliekami aerofotografuojant bei ske-
nuojant lazeriu (LiDAR) i$ bepilo¢iy skraidykliy, o fotografiniai duomenys apdoro-
jami fotogrametriniais metodais.

7.2. Nuotoliniai tyrimai naudojant bepilote skraidykle

Bepilo¢iy skraidykliy (UAS - Unmanned Aerial System) naudojimas jvairiems topo-

grafiniams objektams kartografuoti teikia galimybe efektyviai ir $iuolaikiskai gauti

geodezinius duomenis. UAV taikymas — tai aerofotografavimo sprendimas, siekiant
sutrumpinti laiko sgnaudas ir sumazinti islaidas, kaupiant aerofotografinius/ karto-
grafinius duomenis bei uztikrinti kartografavimo produkty patikimuma.

Tipinés mobiliyjy segmenty sudedamosios dalys yra Sios (Armenakis, Patias, 2019):

e skriejanti transporto priemoné (platforma) (UAV) su visa reikiama jranga ir pro-
graminémis sistemomis;

e navigacijos modulis nukreipiantis ir valdantis platformos judéjima, jj sudaro borto
autopilotas, pasauliné navigacijos palydoviné sistema (GNSS), inercinis matavimo
jrenginys (IMU), aukstimatis, kompasas ir navigacijos jrenginiai;

e telekomunikacijy rysiai (komandoms ir valdymui, telemetrijos ir jutikliy duo-
meny perdavimui);

e varomoji ir maitinimo sistema (akumuliatorius, degaly talpa);

e kartografavimo jutikliai (fotografinés/video optinés fotokameros, terminiai, dau-
giaspektriniai jutikliai bei lazeriniai skeneriai).

7.2.1. Pagrindinés UAV savybés

Pastaraisiais deS§imtmeciais bepilociai orlaiviai (UAV) vis dazniau naudojami jvai-
riose srityse ir ypac¢ nuotoliniuose tyrimuose, taikant aerfotogrametrijos metodus.
Skirtingai nuo pilotuojamy orlaiviy ir palydovy, nedidelaime aukstyje skrendancios
platformos pasizymi perspektyviomis savybémis: lankstumu, efektyvumu, didele
erdvine ir (arba) laiko skiriamgja geba, maza kaina, paprastu valdymu ir kt., todél
jos yra ekonomiskai efektyvi priemoné nuotoliniams tyrimams.
Aerokartografavimui naudojami jvairiy modeliy, klasifikacijos ir kategorijy bepi-
lotés skraidyklés, pavyzdziui, sraigtasparniai su keturiais arba Sesiais sparnais arba
fiksuoto sparno (Trimble, UX5). Kinijos bendrové Da-Jiang Innovations (D]I) spar-
¢iai pereina prie naujo teritorijy kartografavimo standarto, derindama patikimg ir
labai patogig sistemg. Pavirsiaus duomenims rinkti naudojamos standartinés DJI
techninés priemoneés: platforma MATRICE 600 PRO su pagal uzsakyma sukurta
fotokamera ZENMUSE X35, termovizine fotokamera ZENMUSE XT, lazeriniu skene-
riu MAPPER LITE 2, GPNS. MATRICE 600 PRO yra $esiakopteris, specialiai sukur-
tas profesionaliam ir visuomeniniam naudojimui. Jis pasizymi geresnémis skrydzio
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charakteristikomis ir galimybe gabenti didesnj krivj. Transporto priemoné taip pat
turi i$ anksto sumontuotas sparny svirtis ir antenas, kurios sutrumpina skraidyklés
paruosimo skrydziui laikg. MATRICE 600 PRO turi $esis rotorius, uztikrinancius
papildoma stabilumg ore. Transporto priemonéje taip pat yra $esios baterijos, uzti-
krinancios didesnj saugumag ir ilgesnj skrydzio laika. Pagrindinés bepilotés skraidy-
klés (drono) sudedamosios dalys pateiktos 7.3 paveiksle.

ACTIVELY COOLED MOTORS ' —= E2000 PRO

RETRACTABLE . \—' INTELLIGENT FLIGHT
LANDING GEAR T B _ BATTERY

73.PAV. Pagrindiniai bepilotés skraidyklés komponentai (Saltinis: WEB-3)

Pagrindinés DJI MATRICE 600 PRO savybés:

Svoris (su $eSiomis TB47S baterijomis) — 9,5 kg.

Didziausias pasiprie§inimas véjui — 8 m/s.

Didziausias greitis — 65 km/val.

Kabéjimo ore tikslumas (P-GPS) - vertikaliai: £0,5 m, horizontaliai: 1,5 m.
Skraidymo ore trukmeé (su $eSiomis TB47S baterijomis ir nuskaitymo jranga) -
32-35 min.

Maksimalus darbinis aukstis vir$ jaros lygio - iki 2500 m.

e Didziausias kilimo svoris - iki 15,5 kg.

e Darbiné temperatiira — nuo 10°C iki 40°C.

Fotogrametriniams duomenims kaupti sékmingai naudojama lengva fotokamera
ZENMUSE X5, jmontuota DJ/I MATRICE 600 PRO skraidykléje. Pagrindinés fotoka-
meros ZENMUSE X5 savybés pateiktos 7.4 paveiksle.
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Jutiklis: ZENMUSE X5

Dydis — 17,3 x 13,0 mm

Tipas - CMOS

(papildomas metalo oksido puslaidininkis)
Pikseliy skai¢ius — 16 min.

Skiriamoji geba — 4608 x 3456 px

Optiné sistema:

Zidinio nuotolis — 15 mm / 30 mm

Vaizdo jrasas:

Skiriamoji geba — 4096 x 2160 px
Formatas - MP4 / MOV

132 mm

|4

145 mm

I~ gl

l¢

7.4. PAV. Pagrindinés fotokameros ZENMUSE X5 savybeés (Saltinis: WEB-3)

3D lazerinio skenavimo sistemg LiDAR (Light Detection and Radar) galima grei-
tai jmontuoti j bet kokig bepilote skraidykle. Vienas i$ populiariausiy lazeriniy ske-
neriy YellowScan MAPPER LITE 2 yra auksta tiksluma pasiekianti sistema, kuri pasi-
zymi lengvu valdymu bei naudojimu. Sis skeneris yra visiskai automatizuotas, turi
tiesioginj georeferenciniy duomeny nustatyma, uztikrina pakankamai didelj karto-
grafavimo i$ bepilociy orlaiviy tiksluma ir efektyvumga. Pagrindinés lazerinio skene-
rio YellowScan MAPPER LITE 2 savybés pateiktos 7.5 paveiksle.

MAPPER LITE 2

Svoris - iki 2,2 kg

Navigacijos sistemos:

GPS, GLONASS, Beidou, Galileo1, SBAS
Optimalus nuskaitymo aukstis — 10-75 m
Skenavimo tikslumas - 10 cm (XY), 5 cm (Z)
Kadry per sekunde skaicius — 18500
Lazerinio skenavimo technologija

— iki 3 aidy per vieng kadra

75. PAV. Pagrindinés lazerinio skenerio MAPPER LITE 2 savybés (Saltinis: WEB-2)

3D lazerinio skenavimo sistema sukurta atsizvelgiant j geodezininky, karto-
grafy, tyréjy, nekilnojamo turto valdytojy ir visy, kuriems reikalingi LIDAR duo-
menys, poreikius.

7.2.2. UAV-Fotogrametrija

Siuolaikiné aerofotogrametrijos technologija - UAV-Fotogrametrija (bepilo¢iy skrai-
dykliy sasaja su fotografiniy vaizdy gavyba ir apdorojimu) taikoma nuotoliniuose
tyrimuose, kai gaunamas didelis kiekis fotografiniy vaizdy, kurie apdorojami tai-
kant fotogrametrinius metodus. Fotogrametrija yra vienas i§ pazangiausiy metody,
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leidzian¢iy kaupti informacija apie Zemés ir kity objekty pavirsiy naudojant fotografi-
nes nuotraukas. Bepilo¢iy skraidykliy (UAV) su integruota vaizdo fiksavimo kamera,
GPNS, valdymo jranga ir specializuota programine jranga fotografiniams vaizdams
apdoroti naudojimas sparciai pleciasi. Auksto tikslumo (aukstos kokybés) ortofoto-
grafiniai Zemeélapiai ir trimaciai pavirsiaus modeliai yra pagrindiniai produktai, gau-
nami naudojant $ig aerofotogrametrijos technologija.

UAV-Fotogrametrijos technologija/ sistema sudaro bepilotés skraidyklés su inte-
gruota fotografavimo/ skenavimo jranga, skrydziy planavimo ir valdymo programiné
jranga, fotografiniy vaizdy apdorojimo programine jranga.

Tipiné UAV-Fotogrametrija technologijos taikymo darbo eiga pateikta 7.6
paveiksle. Pagrindiniai etapai: skrydziy planavimas - fotografiniy vaizdy gavimas
> UAV fotografiniy vaizdy apdorojimas (trianguliacija ir DTM / DSM generavimas).

Sveicarijoje kompiuterinés vizijos laboratorijoje sukurta fotografiniy vaizdy apdo-
rojimo programiné jranga Pix4Dcapture ir Pix4Dmapper yra pagrindinis jrankis, skir-
tas fotografiniams vaizdams apdoroti, gautiems fotografuojant i§ bepilo¢iy skraidy-
kliy. Pix4Dcapture yra programinés jrangos Pix4D modulis skrydziy planavimui ir
fotografiniy vaizdy gavimui.

— Flight parameters ——

Ground Sample Distance Available devices
Area of Interest NN s UAV platform
. . o . X .
Camera information —— 3 Mission Planning <« Auto-Pilot
Flight goals - l ™ Ground Control Stationg
= Image acquisition ~ —» Image stitching/mosaic
— Additional parameters — J.
Camera calibration ~ —|_ v : Digital photogrammetry
. 3 Image triangulation .
Ground Control Points —~ 7T v Feature extraction
DTM/DSM Ortho-image
generation 3D modelling

76. PAV. Tipiné darbo eiga taikant UAV-Fotogrametrija technologijg (Saltinis: Nex, F.,, Remondino, F.
2014)

Pix4Dmapper - tai fotografiniy vaizdy apdorojimo programiné jranga, kuri
pagrista automatiniu daugybés bendry tasky tarp fotografiniy vaizdy paieska.
Kiekvienas fotografiniame vaizde rastas budingas taskas vadinamas rysio tasku.
Jei nustatoma, kad du rysio taskai dvejuose skirtinguose fotografiniuose vaiz-
duose sutampa, tai jie vadinami sugretintais (matched) rysio taskais (atitikmeni-
mis). Kiekviena teisingai sugretinty tasky grupé sukuria tasko padeétj 3D erdvéje.
Fotografiniai vaizdai dengia vienas kit (persidengia) ir kuo dengimo sritis yra didesne,
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tuo daugiau rysio tasky (atitikmeny) galima aptikti. Kuo daugiau rysio tasky, tuo tiks-
liau galima atkurti 3D erdve, todél pagrindinis reikalavimas - islaikyti kuo didesnj
fotografiniy vaizdy persidengima.

Aaerofotografavimo (skrydzio) planas turi didele jtaka fotografiniy vaizdy koky-
bei, todél svarbu jj tinkamai parengti. Daugeliu atvejy rekomenduojama, kad fotogra-
finiy vaizdy idilginis persidengimas buty ne maziau kaip 75% (skrydzio kryptimi) ir
skersinis dengimas — ne maziau kaip 60% (tarp skrydzio juosty). Rekomenduojama
aeroforografuoti taisyklingu tinkleliu (7.7 pav.). Tam kad baty uztikrintas reikiamas
vaizdo elemento dydis vietovéje (GSD), fotokamera turéty buti islaikyta vir$ vieto-
vés/ objekto pastoviame aukstyje.

image width )
Area of interest

image
height

o —

side
overlap —

frontal
overlap -+

77.PAV. Idealus aerofotografavimo (skrydziy) planas (Saltinis: WEB-4)

Programinio paketo Pix4D modulyje Pix4Dcapture numatyta galimybé realizuoti
skrydzius automatiskai (autopilotu) keturiais skirtingais badais ir rankiniu (pusiau
automatiniu) badu (zr. 7.8 pav.). Norint gauti geriausios kokybés fotografinius vaiz-
dus, skrydziy planavimo/ realizavimo tipg reikia pasirinkti, atsizvelgiant j aerofoto-
grafuojamos vietovés ir (arba) objekty ypatumus.

W = & g

——
POLYGON GRID DOUBLE GRID CIRCULAR FREE FLIGHT
For 2D maps For 2D maps For 3D models For single 3D models Advanced users

78.PAV. Skirtingi skrydZiy realizavimo bidai (Saltinis: WEB-4)
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Aerokartografiniams darbams atlikti reikalingi vietovéje esantys atraminiai tas-
kai (GCPs), kuriy koordinatés nustatomos geodeziniais metodais. Zinant keliy atra-
miniy tagky koordinates, galima gauti dideliy teritorijy tikslius kartografinius pro-
duktus. Atraminis taskas - tai aerofotografuojamoje teritorijoje esantis taskas su
nustatytomis koordinatémis. Atraminiy tasky koordinatés gali buti nustatytos tra-
diciniais geodeziniais metodais, atlikus matavimus su GPS arba su elektroniniais
tacheometrais, arba gautos i$ kity Saltiniy (LiDAR, senesniy zemélapiy, skaitmeni-
niy Zemélapiy internete, net ir naudojantis Google Earth programa). Atraminiais tas-
kais gali bati mazi vietovéje esantys elementai, kurie baty lengvai atpazjstami foto-
grafiniuose vaizduose. Standartinis atraminio tasko Zenklas (taikinys) dazniausiai
yra panasus j nedidelés $achmaty lentos iskarpa juodai-baltos arba raudonai-baltos
spalvos, tam kad buty galima lengviau atpazinti. Siekiant gauti tikslesnius aerofoto-
grafavimo produktus, taskai (taikiniai) iSdéstomi (projektuojami) tam tikra tvarka.
Jie projektuojami objekto pakrasc¢iuose, bet toliau nuo krasto, tam kad baty matomi
keliuose vaizduose; vienas taskas teritorijos centre, taip pat sudétingo reljefo vietose
(7.9 pav.). Rekomenduojama suprojektuoti maziausiai tris GCP, paprastai - nuo 5
ikil0. Kiekvienas GCP turéty bati matomas maziausiai dvejuose fotografiniuose vaiz-
duose, jei reljefas sudétingas — GCP taskai turéty btiti matomi bent penkiuose foto-
grafiniuose vaizduose.

Area of interest
® (GCP

79.PAV. GCP ir jy tipinis isdéstymas (Saltinis: WEB-4)

Pix4Dmapper programinéje jrangoje jdiegti kompiuterinio matymo algoritmai
derinami su naujausiais fotogrametrijos metodais ir taip gaunami auksciausio tiks-
lumo rezultatai su minimaliomis rankinio darbo sanaudomis. Si programiné jranga
- tai nauja koncepcija, i$plec¢ianti stereovaizdo trianguliacijos sprendimo galimybes
ir didinanti 3D modeliavimo tiksluma. Aerofotonuotraukos importuojamos atsi-
zvelgiant j georefencinius duomenis, orientavima ir kameros kalibravimo parame-
trus. Naudojant fotogrametrinius algoritmus, numatytas fotografiniy vaizdy orien-
tavimo koregavimas. Programiné jranga pirmiausiai atlieka rysio tasky paieska ir
automatiskai surandami atitikmenys visuose fotografiniuose vaizduose. Ry$io tas-
kai paprastai bana i§sidéste tankiai, net ir esant lygiai fotografinio vaizdo tekstirai.
Programiné jranga Pix4Dmapper apima ortofotografinés nuotraukos generavimo,
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pavir$iaus modeliavimo ir kt. procesus. Darbas su $iuo programiniu paketu yra visis-
kai automatizuotas ir lankstus, duomeny jvestis yra kei¢iamo dydzio, i$vesties duo-
menys yra lengvai redaguojami, o kokybé jvertinama i§ karto.

Naudojant skirtingas platformas ir jutiklius fotografiniams vaizdams gauti, pagrin-
dinés fotogrametrinés procediiros islieka tokios: aerofotografiné trianguliacija, vaizdy
orientavimas, tasky debesies generavimas pavirsiaus modeliavimui, ortofotografinio
zemélapio sudarymas ir vektoriniy duomeny rinkimas GIS ar kartografijos reikméms.
Rysys tarp fotografiniy vaizdy koordinaciy ir objekty geodeziniy koordinaciy nusta-
tomas pagal atraminiy tasky koordinates.

710. PAV. Aerofotografavimo produktai: ortofotografinis Zemélapis ir DSM (Saltinis: parengta auto-
riy, 2020 m.)

7.10 paveiksle pavaizduoti aerofotografavimo produktai, sukurti naudojant
UAV-Fotogrametrija technologija; fotografiniai vaizdai apdoroti programine jranga
Pix4Dmapper.

7.3. Nuotoliniai tyrimai [azerinémis sistemomis:
LIDAR technologija

LiDAR (angl. Light Detection and Ranging) - tai nuotoliniy tyrimy metodas, kai fik-
suojamas i$siysto $viesos impulso (lazerio spindulio pavidalu) kelias ir taip matuo-
jami kintami atstumai iki Zemés pavirsiaus. Sie lazerio impulsai kartu su aerofotogra-
metriniais duomenimis leidzia gauti tikslig trimate informacija apie Zemés pavirsiy ir
objektus (WEB-3). Sviesos impulsus skleidZia lazerinis skeneris, o kai impulsas pasiekia
taikinj, dalis jo fotony atsispindi atgal j skenerj. Kadangi yra zinoma skenerio padétis,
impulso kryptis ir laikas nuo impulso i$siuntimo iki grjzimo, galima apskaiciuoti 3D
koordinates (XYZ) objekto, nuo kurio atsispindéjo impulsas. Lazeris i$spinduliuoja
milijonus tokiy impulsy ir fiksuoja jy atspindzius, sudarydamas labai tiksly 3D tasky
debesj (modelj), kuris gali bati naudojamas tikslinés srities 3D struktarai jvertinti.
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LiDAR jrangg i§ esmés sudaro lazeris, skeneris ir specialus GPS imtuvas. Léktuvai
ir sraigtasparniai yra dazniausiai naudojamos platformos LiDAR duomenims dide-
lése teritorijose gauti. Yra du LiDAR tipai: topografinis ir batimetrinis. Topografiniam
zemélapiui sudaryti LIDAR metodu paprastai naudojamas artimosios infraraudono-
sios spinduliuotés lazeris, o batimetriniam LiDAR naudojama per vandenj jsiskver-
bianti zalia Sviesa, kuria gali buti fiksuojamas jiros dugno ir upiy vagy reljefas.
LiDAR veikimo principas (7.11 pav.):

Lazerio impulsas siunc¢iamas link pavirsiaus;

Atsispindéjes lazerio spindulys fiksuojamas jutikliais LIDAR impulsy $altinyje;
Matuojamas lazerio spindulio nueitas laiko tarpas;

Skaiciuojamas atstumas iki pavir$iaus (($viesos greitis x laiko tarpo) / 2).
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711. PAV. LiDAR veikimo principas. (Saltinis: WEB-2)

LiDAR sistemoje sumontuota jranga teikia galimybe i$matuoti milijonus atstumy
nuo jutikliy iki pavirsiaus tasky. Tai pazangi technologija, kurios pagalba labai greitai
apskaiciuojami atstumai tarp LiDAR jutikliy ir taikiniy. LIDAR sistemos apima pen-
kis pagrindinius komponentus, nesvarbu, ar jos naudojamos automobiliuose, orlai-
viuose, ar bepilotése skraidyklése:

Skraidanti transporto priemoné.

Skenuojancio lazerinio spinduliuotojo ir imtuvo jrenginys.
Diferencialiai koreguota GPS.

Inercinis matavimo jrenginys (IMU).

Kompiuteris.

Gk W
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LiDAR sistemos integruotos j jvairias mobiligsias sistemas (automobilius, léktu-
vus, bepilotes skraidykles) skleidzia lazerio spindulj, kuris pereina ir per augmenijg ir
net per vandenj. Skeneris priima atsispindéjusj lazerio spindulj (aidg) ir nustatomos
polinés koordinatés (atstumai ir kampai). LIDAR tasky kiekis priklauso nuo skena-
vimo grei¢io. Nuo optinés sistemos ir skenerio tipo priklauso skiriamoji geba ir dia-
pazonas, kuriame galima naudoti LiDAR sistemg.

Nepriklausomai nuo to, ar LIDAR jutiklis yra sumontuotas orlaivyje, automo-
bilyje ar bepilotéje skraidykléje, labai svarbu nustatyti absoliucig jutiklio padétj ir
orientavimg. Pasaulinés palydovinés navigacijos sistemos (GNSS) teikia tikslig geo-
grafine informacija apie jutiklio padétj (platumga, ilguma, aukstj), o inercinis mata-
vimo jrenginys (IMU) nustato tikslius jutiklio orientavimo duomenis (polinkio, pos-
vyrio, positkio kampus). Sios jrangos uZfiksuoti duomenys naudojami generuojant
tasky debesj j 3D kartografavimo modelj.

LiDAR sistema tinkamai parengiama darbui, kad baty galima vizualizuoti situ-
acija skrydzio metu, apdoroti duomenis, pasiekti reikiamg 3D kartografavimo tasky
debesies aiskumg ir tikslumga.

[3. -n:.“ e k‘ miir

712. PAV. 3D modelis sukurtas pagal LiDAR duomenis. (Saltinis: sudaryta autoriy, 2020)

Gauta tanky taskq debesj galima apdoroti naudojant MicroStation, Bentley pro-
graming jranga. Si programiné jranga yra siuolaikiska, suteikianti jvairias 3D pavir-
$iaus modeliavimo galimybes. Tinkamai generuojant skaitmeninj pavirsiaus modelj,
batina naudotis jrankiy moduliais TerraScan ir TerraMatch (WEB-6). 7.12 paveiksle
pavaizduoti 3D pavir$iaus modeliai, sukurti pagal LiDAR duomenis.
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