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Abstract

Aerial photography, monitoring and survaging small Unmanne
Aerial Vehicles (UAVS) is a modern, cheample, helpft and still
developing and improving area. For these purf the ongoing
research is focused mainly on the cameras and irpemgessing
methods and software. Howevas it was confirmed in the artic
a stabilized camera gimbal is also velgcessary to obtain quali
and bright pictures or video recordsd to allow the operator or t
tracking computer to track the camera’s line ohsig the point o
an interest.Because the camera stabilization is ey factor
influencing the quality of the pictures or videaslaconsidering th
application on the UAV@erforming the flights irthe low altitudes
and often also in the mountain terraithe wind conditions
turbulences, wind shears, which can varyther magnitudes and
directionssignificantly, the convenient stabilization of tbamere
gimbal can have a significant influenan the quality of the
obtained resultswhich are very important for the creation of
precise 2D or 3D models. Furthermore, itcrease the UAV
payload, it is important to use lightweighblutions.Due to the
onboard electronics of small UAVs, regarc the limited memory
and computational performancesmall microcontrolle including a
convenient, simple, and still fast enouggmtrol algorithm needs 1
be designed and implementéal.order to stabilizea camera gimbal,
it is needed to design a model of the actuatoravels as the
gearings, to propose an effective control algorittand to
implement the control algorithms intothe on-board
microcontrollers. This article deals with the modelling of t
actuator, conventional commercial servomotor usgda camera
gimbal stabilization and with the design and vedfion of the
improved control algorithm based on the inverseracteristics of
the actuator model. Due to thequirement of tt high-quality
images, wher¢he fast stabilization is needed, a dynamic coiva
feedback was implemented. And as tbhgroscopesare very
sensitive to the UAVs vibrations, theébrations ofthe camera
gimbal were eliminated bthe digital low pass filte The theoretical
background was experimentally verified by the ggmlal survey o
the stone pits in Sedlice, Vechec and KlatothimEastern Slovakia.

Keywords
unmanned aerial vehicle (UA, camera gimb; stabilization,
monitoring, photogrammetry, mining areas.
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Introduction

Unmanned aerial vehicles (UAVs) have been recamlyd in various applications. From the monitoring
and survey applications in regard to the miningasréRen, et al., 2019) as for example, object roani,
dump, surface subsidence, coal gangue heap, openiping pit or industrial site monitoring can bentioned.
In the terrain surveying and 3D modelling the tappiic changes are monitored, earthwork computaitaoe
perfomed, dynamic surveys of mine reserves ar@peagd, or soil erosion is estimated. From the egiofd and
environment monitoring and land damage assessnpgiications the tasks involving analysis of crolgi
decrease is very important, but also surface sahs& accumulated water, or soil destruction cambeitored
(Blistan, et al., 2016). In the case of geologmabther disasters, UAVs can be used for pollutimmitoring,
gas monitoring, coal fire monitoring etc. UAVs al§iad their applications in the land reclamationdan
ecological restoration assessment; they can be tmedxample, for the monitoring of the vegetattmverage
changes, for surveying of the land use or vegetatiassification (Ren, et al., 2019). Monitoring ahe
geological environment of mines is crucial itaproving mine environment and reducing amdigating
damage caused by exploitation (Li, et al., 2015)

For all of the above mentioned applications, agfetogrammetry, surveillance, and monitoring, tahg
the geological survey, monitoring of Earth resoarad the mining areas, monitoring of the ecologmaposes,
followed many times with the creation of the 2D &1l models, the utilization of a camera systemeisassary
(Blistan, et al., 2019), (Blistan and Kovanic, 2Dand (Lucieer, et al., 2014).

The accurate terrain data are not only the basthe®f3D modeling, but they are also important foe t
geological risk prediction, due to the fact thag thining exploitation also causes serious damagbedoth
land and the ecological environment (Ren, et @119, (Xiang, et al., 2018), (Fernandez-Lozanlgt2018).
The framework of UAV applications in the mining igites is presented in the Fig. 1.
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Fig.1. The framework of UAV applications in thexmg activities (Ren, et al., 2019 - modified byhaus)

The research in the above mentioned areas is misiollsed on the camera design and development and
related image or video processing methods and acdtKrsak, et al., 2016). The importance of theppr
camera gimbal stabilization is often forgottenhaligh it can have a significant influence on thaligy of the
resulting camera image or video.

It has to be also mentioned that the category efsthall UAVs has in comparison to the conventignall
used airborne systems many particulariti€gfhar and Jalovecky, 2010), as for example operdémnands
(Lipovsky, et al., 2019), dimensions, weight, comgpional demands and last but not least price efubed
systems, due to which a new interesting task hiasrarconstruction of a camera gimbal platform tbhgewith
the stabilizing and tracking control algorithmsfiflihg these requirements. Because without theveoient
camera stabilization the UAYV itself, the flight ntarvers and meteorological conditions, particuldhlg wind
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and turbulences in the mountain areas and duriadlight performed in the low altitudes above grddavel,
the quality of the images or videos can be dectkesgmificantly.

Recently multiple techniques for the camera gingtabilization have been developed. Some of them are
based on the PID controllers and on the enhanceofi¢héir parameters applying, for example, a feetoop
and steering parameters calculated from quatetnésformation angular velocities received fromaggopes
(Zych, et al., 2015) or evolutionary algorithms lsues PSO, GA (Rajesh and Kavitha, 2016) or on Hia g
scheduling approach with the gimbal model iderdifim the close loop manner by the PEM algorithm
(Golmohammad, et al., 2007) to reduce disturbaaoésprovide better performance and accuracy irsyseem
response due to their effectiveness, simplicity &asibility. As an alternative approach, the aiitd neural
networks can provide a more accurate model of tiwba system based on their non-linear mapping ¢deh
the inertial characteristics gyro-stabilized mgitinbal system (Layshot and Yu, X.-H., 2011). Othpproach
applicable for the micro and mini UAV category iasked on the DC servo motor control and a novelsbbu
control strategy employing the technique of undetyaand disturbance estimator (UDE) (Kori, Anarafed
Chandar, 2016). Other approach uses piezo mot@saéikov, et al., 2016) instead of the more comsemo
motors characterized by the higher bandwidth, iespponse and direct drive.

For the UAVs of mini and micro categories also gatshin the role of mechanical video camera staditiz
represent unacceptable payload, thus approachesl lmas the video stabilization using the computesiovi
techniques, software image stabilization (Wiriygataand Ruchanurucks, 2015), (Windau. and Itti,1201
(Pienizek, 2003) and video smoothing methodologies (Vazgund Chang, 2009) have been developed.

Our approach of the camera gimbal stabilizatiors . seommercial servomotor and the improved control
algorithm based on the inverse characteristicshef @ctuator model with the dynamic correction femttb
applying the angular rate signals from the gyrossop\nd thanks to stabilization, better input datéhe form
of the photos or videos can be achieved, and meage terrain models can be created.

Materials and Methods

Unmanned Aerial Vehicles

Nowadays, on the market, there are available mgmstof small UAVs. For the monitoring purposes, th
mostly preferred are flying vehicles from the catggof rotary wings, so-called “multirotors”. Thediffer
mainly in the number of rotors (starting from thretéors —"tricopter”). The usage payload is sliglihcreasing
with the number of rotors, the stability is alsdtbewhen comparing ie. tricopter versus hexacopttir 6 rotors
or octocopter comprising of 8 rotors. Flying timeostocopter OktoXL with installed 10 000 mAh baigs and
an additional payload of 1000 grams reaches stitenthan 15 minutes, what is enough for monitoihc
small area. An advantage of modular constructiosnadll UAVs is in the possibility of swapping baiés by a
spare (fully charged) in several seconds what gisethe ability to continue in the flight missiosurvey. In
Fig.2 octocopter predefined for carrying of the eaanwith the raised landing gear is shown. In tige E with
the number 1 protective hood is marked, 2 is maftr a 12" propeller, 3 is a rigger, 4 is a landiepr, 5 is a
battery holder and finally, as 6 a camera gimb&heled.
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Fig. 2. Octocopter OktoXL (sourckttps://www.mobilexcopter.com/files/ARF- Fig.3. Camera gimbal with the GoPro camera

OktoXL-Manual_%28en%29.9df

Camera Gimbal

Camera gimbals allow us to rotate the camera areaoH axis, so it is possible to track an objedhtefrest
and to have it still in the line of sight (Lozar9)10). There are many types of camera gimbals asmthd the
world. After the precise analyses of their paramsgteost, weight, and our requirements, the camienhdal with
two degrees of freedom was chosen (Fig. 3). Inrotdereach the highest precision in the positionargl
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smooth movement, the servomotors with the high bemof steps have been used (resulting in the angle
resolution less than 0.1°).

Considering the multi rotor application, the gimlall be used to compensate the roll and pitch esgif
the heading needs to be changed, a multi rotockeehan rotate around itsaxis, meaning that the third gimbal
axis is not necessary. As a camera, the high-qualitPro camera MagiCam SD21 was chosen. This caimera
predefined for such applications, as it can makekent and sharp images even if small vibratiozwuo.

To give the ground station operator the abilitysé@ online pictures from the flying UAV, the vebislas
equipped with the wireless video transmitter TS 8&yderating at the 5.8 GHz frequency), and in treugd
station, the receiver RC 305 was used.

Onboard Sensorics

To determine the UAV position and the camera gimpadition in the real time, the camera gimbal
platform was equipped with the IMU 9 DOF stifikertial measurement unit with 9 degrees of fresahe
66 channels GPS receiver Locosys LS20031 and tremedric pressure sensor BMP 102, the data of which
were processed by the mbed microcontroller. Thd irsrtial measurement unit includes a 3 axes anoeleter
(providing linear acceleration data), a 3 axes ggope (providing angular rate data) and a 3 axageiamer
(needed for the heading computation). All data wamboard stored to a micro SD card. To obtain &ebet
position determination and positioning precisiom an eliminate the noise and errors of the usedasn the
complementary filter was used for the INS and GB& €usion.

Servomotor Simulation Model

As a servo motor, we used the high-quality Power32D9TH servomotor (with the titanium gearings)ttha
allows us to rotate the camera gimbal in the rdngma —30° to +30°. It's dimensions are 40.3 mm x226m X
37.2 mm, its weight is just 57 grams, and the maximangular rate is up to the 750°/s. As it is vkelbwn, a
servomotor is a complex and nonlinear electromeichhrsystem. We didn't study servomotor’s internal
construction and gearing, but we modeled it aslackbbox” only according to the servomotor’s traiosi
characteristics measured using a special workstalibe servomotor was installed on a workstatiomnected
to the external rotational angle sensor (rotatiqgmatentiometer), which output data were sampledigushe
mbed NXP LPC1768 microcontroller at the 10 kHzra&s soon as the primary measured data were athlyz
the transport delay of 20 ms was determined. At tldment, we were aware of the difficulties thatwikk face
during the control algorithm design process (th&ahility when the regulator is fast, long reguatitime).
After additional precise analyses were completed,simulation model was designed and also simglifising
the Mason’s gain formula. The simplified simulatiorwdel of the Power HD 1209TH Servomotor in the Ilat
Simulink is shown in the Fig. 4.

I > %( > 480s+60000 |:|

input signal Transport s +133s2+3880s

Dela -
Y ’_b Transfer Function Scope

Fig. 4. Simplified simulation scheme of the POWHIR1209 TH servomotor

The obtained simulation results were compared thigéhreal measured data from the servomotor, and the
correctness of the proposed model was confirmedt isclear from the Fig. 5, where the resultarirthe step
responses are displayed, the simulation modekisigg enough.

For the quantitative evaluation of the proposed ehothe following statistical values were calcuthte
maximum absolute average error (MAAE), mean absduerage error (MAE), mean absolute percentage err
(MAPE) and quadratic integral error (QIE):

MAAE = 2.916°

MAE = 1.284°

MAPE = 0.0469 %

QIE = 9.1406.1¢

After the successful servomotor simulation modedigie, the complex model of the whole gimbal was
developed, considering the camera gimbal’s geanitiige roll and pitch axis, too.
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Fig. 5. Verification of the proposed POWER HD 1289 simulation model.

Results and Discussion

As it was mentioned earlier, used servomotors hbgetransport delay that makes the control algarith
design quite difficult. There are many robust cohtalgorithms primary designed for the systems wifth
transport delay, but usually, they are slow andehbigh computational demands. Considering the awboa
microcontroller that will be used for the camermlgél stabilization, our goal was to use as simfgerghm as
possible, obviously with the satisfactory resufisstly we decided for an open-loop control alduritbased on
an inverse function of the mathematical model. thertransport delay elimination, the correctivareat was
used. Based on the theory (Bakshi and Bakshi, 2@88)dynamic parameters of the controlled object loe
modified via a closed-loop corrective element. Tiain principle of the corrective element is to addlosed
loop, which needs to guarantee the stability arality) and to add an additional signal, initiallgtrused in the
control algorithm, that improves the controllingpopess (Madarasz, et al., 2009). In our applicatios dynamic
correction was performed; the angular rate sigf@m gyroscopes were added to the actuating sigpal
computed by the inverse model controller (IMC)tas illustrated in the Fig. 6.

w inverse Ur u i
model gimbal pitch

angular rate
gyroscopes

i
i
i
i
! .
i corrective element

..........................................

Fig. 6. Block scheme of the inverse model cohbap with the dynamic correction.

From the control algorithms theory, for the stapilpurposes, only the middle frequency asymptote is
important (it has to have the “~1” slope) (Bakshi @8akshi, 2009). The gyroscopes, as the anguiarsensors,
can be considered as a source of a high-frequdgogls- as they sense fast changes in the diredéionthe
reduction of the possible high frequency (distugbimoise (noise dynamics is considerably highen ttie
servomotors dynamics), the low pass filter was iegpfor the gyroscopes’ data. The low pass filtansfer
function is:

1
F(s) =
Ts+l (1)

whereT, is the filter time constant.
As the control algorithm was implemented in the thb@crocontroller, the necessity of the digitatefiing
algorithms creation and implementation in the ngordroller arose. Due to the high demands on thahjcs

and the lowest possible delay, the IIR (Infinitepitse Response) filter was chosen (Vaispacher, gadBréda,
Adantik, 2015).
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IIR Filter

The low pass filter, needed for the angular rat@ didtering, with the window size of 2 samples, sva
designed based on (Steven, 1997). The advantate ¢fR filters in comparison with the FIR (Finitepulse
Response) filters lies in the better filtering @pind the lower time delay. The main disadvantaigiR filters
is the possibility to be unstable.

lIR filter design approach: Consider the data thed to be filtered as an input signal for the ffjlia our
application, the angular ratgr. The output data from the filter are markedygs In the discrete-time domain,
the input data is one column vector (with the langtL), with samples numbered as 1, 2,.3L. Simple, the
IIR filter principle is based on the iterative afigbm. The output signal is computed from the achyput data
x(n), previous input datax((n—1), x(n—2), ....), and also the previous output dsa—1),y(n-2 ), ....).

In general, the formula for such IIR filter is knows a recursive equation:

Yur(k) = agxyp(k) + ayxr(k — 1) + axpp(k — 2) +
+azx;p(k —3) + -+ byyyr(k — 1) + byyyr(k — 2) + b3yyp(k — 3) + - (2

whereyr is the output filter datagr are input filter data (raw datdl represents the number of sampkgs,.a;
are coefficients, which the input filter data araltiplied by andb,...bs are coefficients, which the output filter
data are multiplied by.

The design of the used low pass IIR filter can yglaned on a simple example, where one output Eamp
and two input samples will be used. For a sampéguencyfs and a cut-off frequency, the following
relationship can be written:

— A—2Mfcl fs
Z=e (3)

where the criteriofi/f; falls into the interval (0, 0.5).
For the low pass filter, the coefficients can bepated as:

%=1-zb =2 (4)

In our application, the sampling frequerfgy 100 Hz was used. Based on the experiments argsasaf
the gimbal dynamics, the cut-off frequency wastedt = 1/6 rad.s' ~ 1 Hz. When the input signal is at the
frequency of = 20 Hz §/fs = 0.2), the attenuation of —9 dB occurs.

The filtering ability verification of the designéiR filter applied to the real measured angulae rdata can
be seen in the Fig. 7.

250 : —npreprocessed data
—low pass filtered data

200+

1501 ; =

1001 8

50

0

pitch rate [°/s]

-50

-100

-150F-

-200F-

-250t i i i 1 i i i |
1 2 3 4 5 6 7 8 9 10
time [s]

Fig. 7. 1IR low pass filter verification (angulaate data as the input)
As it can be seen from the Fig. 7, the IIR filtdtefs out the high frequency ,noise", vibratiorisat

occurred at the time between 6—7 seconds. Whemth#-rotor realized a smooth movement, the IIRefil
passed the input data without any attenuation @#ailser, Bréda, Madarasz, 2015).
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Inverse Model Controller
Based on the aforementioned analyses, the invers#gelntontroller with the dynamic correction was
designed and simulated with the gimbal simulaticdet in the control loop (see Fig. 8).

\/ P In1 out1 + I:l

Sine Wave . + Scope
inverse model controller Saturationt

Gimbal model
Servo + gearing

1
1/6s+1

feedback correction sensorics
Fig. 8. The simulation scheme of the inverse mcaletroller with the dynamic correction

7 —Inverse model
—IM dynamic correction
15~

-—-Theta required

pitch angle [°]
]

-20¢ i I i i ey
0 1 2 3 4 5 6 7 8 9
Time [s]
Fig. 9. The inverse model controller simulatiomifieation

Running plenty of simulations of the designed camgimbal control algorithms with a variety of input
signals, the maximum time delay between the comnaarttl measured gimbal output of 13 ms (without the
dynamic correction), and only 1 ms with the dynagoerection was determined. Running the simulatidth
the steps input signal, the maximum steady-statar @f 0.04° in the pitch and 0.06° in the roll &mgvas
determined.

The correct inverse model controller behaviour s@sfirmed by the Fig. 9. A significant improvememt
the performance of the inverse model controllehwfite dynamic feedback correction against the catitveal
inverse model controller, especially in the regaolatime, can be seen from the the Fig. 9. Durlmg inverse
model controller simulation, the sinusoidal sigaalthe input signal (simulating continuously chaggpitch
angle with the amplitude of 20°) was used. Forrdwulator verification, only the sine wave sigreapresented,
as the sine wave signals represent the possiblemmawt of the UAV during manoeuver, climbing, destieg,
rotation around z-axes, or movement due to the wiimlvever, better results in the regulation timee do
angular rate signals used by the control law, weaehed for all input signals (step, ramp, etc.).

Tab. 1. Statistical errors for the controller viszation

IMC without the dynamic correction  IMC with the dymic correction

MAAE [°] 2.0497 0.2523
MAE [°] 1.3916 0.1510
MAPE [%] 0.6611 0.0180
QIE [] 2.3200 0.0280

From the Tab. 1 with overviewed statistical erroe1 be seen that in the case of the inverse model
controller with the dynamic correction, the deceeasthe achieved statistical errors, which meanmerease in
the quality of the control process, is obvious.
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_______________ roll command .
desired position- 4 = = = = = = = = > : ___________ | camera gimbal

microcontroler

angular rates

Fig. 10. Hardware implementation

As the proposed inverse model controller was swfakhg verified by the simulation, it was implemedt
into the onboard mbed microcontroller (Fig. 10.3l accessfully tested on the real camera gimbahmtJAV
with the satisfactory results.

Geological Monitoring and Photogrammetry

When flying with the small and lightweight UAVs, @v a small gust of wind can significantly affecgith
flight, and the UAV has to compensate these distucbs continuously via changing the pitch and (mllyaw
angle) and position itself. To obtain high qualityages and videos, the camera gimbal is compegstairthe
UAV movements (position angles) as well as trackirgobject of an interest.

The proposed above-mentioned methodology was alsted experimentally. A geological survey was
performed using the UAV - Mikrokopter Okto XL in @peration with the Future Fly company that is amew
of the Aerial Work Operator Certificate No. SK/096,the stone, pits Sedlice shown in the Fig. ¥echec
(Fig. 12) and Klatov (Fig. 13) in the Eastern Skiga Based on the dimensions of the monitored grbkatos
were taken from the height of approximately 500 eret The camera gimbal stabilization and precise
positioning are extremely important as just smirations caused by the UAV's rotors, the noiseneftial
sensors used for the stabilization, or noise oftjpméng servo motors have a significant influergethe image
quality. Taken into account the 500 m height, \ilorgs in the camera line of sight with the ampléuaf just 0.1
degrees will result in the error of £0.9 meters andordingly blurred photos.

Image shown in the Fig. 13 was taken in the Klaoza from the height 150 m above ground level, and
subsequently, they were processed into the 3D magief the Agisoft PhotoScan software, as can ba se
the Fig. 14. In this area, the first set of testpigiures were taken without the enhanced stakiizeof the
camera gimbal (Fig. 15 and Fig. 16), and thesaumstwere then compared to the images taken wétlactive
camera gimbal stabilization (Fig. 17 and Fig. 183.can be clearly seen from the pictures, the pegand
tested stabilization of the camera gimbal leadhéottigher sharpness of the image and minimal noise.

Fig. 11. Aerial survey of the open pit mine Sedlic Fig. 12. Aerial survey of the open pit mine Vechec
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Fig. 13. Aerial survey of the open pit mine Klatov

Fig. 15. Photos taken without the enhanced cargeréoal Fig. 16. Detail of the objects of interest withtlwt enhanced
stabilization (A — building, B — grooved terrain). camera gimbal (A — building, B — grooved terrain).

Fig. 17. Photos taken with the enhanced camera gimb Fig. 18. Detail of the objects of interest withtlut enhanced camera
stabilization (A — building, B — grooved terrain). gimbal (A — building, B — grooved terrain).

In addition to the obviously seen functionalitytbé proposed camera gimbal stabilization from thetas
shown in Fig. 15 — Fig. 18., the correctness oftttemretical principles together with their implertation and
practical realization on the UAV was also provedtly fact that the resulting error of the imagehatson per
pixel was reduced in compliance with the theorétisgsumptions almost ten times.
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Conclusion

Aerial survey and monitoring using small Unmannestial Vehicles (UAVs) are modern, cheap and still
rapidly developing and improving the area, which ba used for a wide band of various applicatisash for
example aerial photography, photogrammetry, sdarak, and monitoring, including geological survey,
monitoring of Earth resources, of the mining ar@asnitoring of the ecological purposes, naturaasiers, etc.,
for which utilization of a camera system is reqdirBor these purposes, a stabilized camera gimbadessary
to obtain quality and bright pictures and to allth& operator or the tracking computer to trackddmera’s line
of sight to the point of interest. Considering thegpplications, a very challenging task is to desigproperly
stabilized camera gimbal, which can compensatevithrations caused by the UAV construction and ofana
itself, which is able to whitstand also the perfednmaneuvers and also which is resistant to thed win
conditions, that can cause significant problems wie stabilization, especially considering the Uldlization
in the low altitudes and in the mountain terramorder to stabilize the camera gimbal, it is neletdedesign a
model of the actuators as well as the gearingprdpose an effective control algorithm and to impdat the
control algorithms into the onboard microcontralleAs the payload of the used vehicle is importth&,small
and lightweight single cheap microcontrollers h&wée used. Due to the limited memory and computati
power of the small microcontroller, a convenienitne, and still fast enough control algorithm ned¢d be
designed and implemented. This article deals with modeling of the actuator, conventional commeércia
servomotor, used for the camera gimbal stabilimatend with the design and verification of the immd
control algorithm based on the inverse charactesistf the actuator model. As for the high-qualinages, the
fast stabilization is needed, dynamic correcticedfack based on the angular rates signals fromyttescopes
to the computed command was added. Considerintathdéhat gyroscopes measure fast rotational mowsne
they are very sensitive to the UAVs rotor vibrasprare noisy, and so the elimination of the undésr
vibrations of the camera gimbal applying the digibav pass filter for the angular rates signal éeded. As the
microcontroller is working in the discrete-time daim a discrete digital filter was designed.

UAVs nowadays are inexpensive and have wide applia also in the mining applications. The
correctness of the proper inertial sensors datsiorfiy data filtering, and fast camera gimbal sizéiion was
therefore proven experimentally in the geologiaaivey of the stone pits, using the UAV of the octoier
configuration, where bright pictures were obtainAd.UAVs are able to scan the terrain rapidly ahdaply,
also other experimental flights were performedhe stone pit area. In this case, the images olatdnoen the
UAV during the test flight without the enhanced eaengimbal stabilization were compared to the phodéen
with the proposed camera gimbal stabilization. Tésilts of the further image processing confirntexdtheory
and approximately ten times better results weréaed.

The further research will be focused mainly ondp&mization of the control algorithm also in couotien
to the fast-developing onboard sensors that carudmsl for the camera gimbal stabilization, whichl wil
significantly improve the quality of the images, ielhis determining for the further postprocessingaftware
used in the photogrammetry, for the texture infdiamain the topography and mainly for the creatidrihe 3D
terrain models in the areas, where the changesaations are monitored and evaluated.
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