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The possibility of drones’ (or unmanned aerial vehicles, UAV) application in crops vegetation aerial
control is considered. The corresponding to this task Technical Vision System (TVS) based on dynamic
triangulation laser scanning is presented. Application of this TVS for vegetation vitality index detection is
explained. Basing on the detected intensity of crops color converted into the specific parameters of the
proportional electric signal in TVS’ s optoelectronic channel we can derive some practical conclusions
useful for further agricultural processing. The computational results examples of such conversion are
given in text. The filtration of external noise on the results of this method is assumed, the necessary
additional mathematical processing are considered for the Boundary Element Method (BEM), the Monte
Carlo Method (MC) and the Finite Difference Method (FDM) are noted; it is observed that BEM offers
more precise results. It is shown that precise spatial positioning of the scanning laser beam is of
paramount importance for proper system functioning at whole. Several research methods of closed-loop
control theory, such as the Pos-algorithm using float or integer data types, PWM signal, etc., for
improvement of DC motor’'s shaft positioning of the Maxon RE-max29 DC motor with incremental
encoder with the aim of 3d laser scanning accuracy are introduced.

Keywords: crops aerial control, unmanned aerial vehicle, vegetation vitality index, laser scanning,

dynamic triangulation, electric drive positioning, offset uncertainty

Introduction

Nowadays almost all areas of nature and
industrial management are strongly related with
intensive automation. It is broadly recognized that
automatic devices transcends the human operators
in most of their functions: it faster, more precise,
superior in endurance, stronger, transmit more force,
has more memory capacity, the access to stored
information implies a lower probability of error, so on.
The agriculture is one of the strongest branches of
society economic activity, so the level of its
automation becomes one of the most indicative
parameter of progress and economic stability. That
was a reason why researchers and industrial
companies pay so much attention to implementation
of robots and automatic systems into agriculture.
There are known many examples of robots use for
different agricultural tasks, such as [1, 2]: fruit
picking robots, driverless tractor/sprayer, sheep
shearing robots to replace human labor; and robots
used to automate manual tasks, such as weed or

bracken spraying, where the use of manned vehicles
is too dangerous for the operators. Recently not only
terrestrial robots are in agricultural use, but also the
unmanned aerial vehicles (UAV, or drones) or even
their groups/swarms [3, 7]. Such kind of automation
is useful for many attendant tasks which never were
available formerly. We can mention the aerial control
of crops geometry, the intensity of irrigation and the
degree of plants hydration, etc.

For successful processing of such kinds of tasks
it is obviously that UAV must be equipped with
appropriate multifunctional Technical Vision System
(TVS). One of the TVS [7, 8, 14] prototype is
presented on the Fig. 1. This system represents a
laser scanning system for 3D-coordinates
measurement, based on the principle of dynamic
triangulation [5]. Some previous experimentations
with earlier versions of scanner prototypes [4, 7]
shows us the interesting additional property. The
projected laser beam after its reflection from the
scanned surface produces the electric signal
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significantly different depending on the intensity of
surface's color (see Fig. 2).

Figure 1. Technical Vision System
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Figure 2. Reflected Laser Beam on Surface

Such a property can be simple and efficient
instrument for selective remote inspection of degree
of crops plants hydration. The hydratation rate of
plants normally can be estimated [7] by intencity of

pigmentation (green color intencity). Firstly, this
parameter should be converted into electrical signal
with incorporated properties under measurement,
and then must be implemented the apropriate signal
processing method with the aim to extract this
incorporated information, the color intencity in our
case. Due to high predisposition of this method to
external noise, it is necessary to implement
additional mathematical processing to extract
desired information. We previously [4] did consider
the Boundary Element Method (BEM) as a good
method to determinate the reflectance of the
different color surfaces (as example, the plant leafs).
Precision of the method was compared with the
Monte Carlo Method (MC) and the Finite Difference
Method (FDM) in [4]; and it is observed that BEM
offers more precise results. Obviously, for good
resolution of mobile laser scanning system mounted
on drone in this practical application it is necessary
to provide additional measures for more firm and ex-
act positioning of the scanning laser ray on the de-
sired point. Such a point in this application can be
considered each individual plant leaf, or even its
special zone. Of course, this problem is not a trivial
challenge, especially taking to account the remote
character of this scanning, and possible significant
value of striking distance, as well as the dynamical
character of this kind of 3D measurement. The gen-
eral configuration of such aerial system is presented
on Fig. 3.

Figure 3. Drone X8+ using
the Technical Vision System

Flying above the crops, such drone can reach in
an easiest and fastest way the any area of plants at
any height, count them and scan its surface from the
side regularly not observable from the ground. This
information can be operatively transmitted to the
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center of information analysis, and can form the de-
tailed systematized informational dataset about the
crop at whole.

The mathematical framework of vegetation
vitality index (VVI) detection, as well as TVS
mounting on UAV and system functioning at all was
already considered in [7].

Consequently, the main goal of the present pa-
per is the herein described research of the additional
possibilities to increase the accuracy of laser ray po-
sitioning by means of special control of DC motor in
laser positioner driver (LP on Fig. 4), in order to get
the possibility to position the scanning laser ray on
the particular area of plant, for example its leaf, tak-
ing to account the dynamic character of the working
process. As the part of this research were addition-
ally considered the combined influence of several
physical parameters on the goal availability. Such in-
fluence was physically simulated at laboratory.

Static vs. Dynamic Triangulation

The use of the triangulation method in laser
scanning systems can be kind of Static or Dynamic
[5]. The static triangulation refers to the mode in
which neither the positioning laser (PL) nor the scan-
ning aperture (SA) are moved. More detailed infor-
mation about the technical functionality of the PL and

-

SA can be found in [6]. In order to extend the meas-
uring range of the laser scanner, the dynamic trian-
gulation was developed, which is shown in Figure 4.
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Positioning Laser
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Figure 4. Dynamic Triangulation
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Figure 5. Closed-loop position control

Dynamic triangulation uses a variable PL angle
(y) and a variable SA angle (8) to define the meas-
urement range regardless of the receiver image sen-
sor size. Actually, such laser scanning principle was
designed exactly for purpose to obtain a wider field-
of-view on the compact rotatory device. The posi-
tioning laser (PL on Fig. 4) system directs the laser
beam under the angle y to the observed object, the
laser beam is reflected on the object surface by
mixed specular-diffuse reflection model, and re-
ceived by the scanning aperture (SA) under the an-
gle B. Using equation

sinf-siny

-a sin(f +y) ™

and
d sinf - cosy
@ sin(B +vy) 2)

The two-dimensional coordinates of a reflected
laser spot on the surface of the measurement object
are determined.

Proposed Positioning Algorithm

In order to practically realize the proposed posi-
tion control, the Maxon RE-max29 DC motor with in-
cremental encoder is configured in closed-loop, as
shown in Figure 5. Using the digital controller and
the incremental encoder, all variables of the control-
loop are discretized in time and quantized in ampli-
tude. The absolute angular error ¢, is calculated by

q=tany=

© O. CeprieHko, J1. llingHep, B. Tupca, B. ®nopec-dyeHTec, N. Poapiriz-KyiHoHes Ta iHwi, 2018

© 0. Sergiyenko, L. Lindner, V. Tyrsa, W. Flores-Fuentes, J. Rodriguez-Quifionez and others, 2018



0. CepricHko, J1. NlingHep, B. Tupca, B. ®nopec-dyenTec, W. Poapiriz-KyiHoHes Ta iHwi

0. Sergiyenko, L. Lindner, V. Tyrsa, W. Flores-Fuentes, J. Rodriguez-Quifionez and others

the difference between the reference angular posi-
tion ¢, and the measured angular position ¢,, and
afterwards converted to the relative angular error ¢,
using following relation [7]:

(Pé — 100.‘pr_(pm (3)

Pr
The controller output variable y,, is calculated,
using an amplification factor K, [7]:

Yo, = Kp - 100 M (4)

Pr

To improve the step response of the controlled
DC motor, the absolute angular error ¢, is related to
the maximum positioning angle of 360°. Thus de-
fines the controller output variable y;¢, [7]:
Pr — Om

As the initial measured angular position
¢, (0) = 0°, the initial values are calculated for both
controller output variables [7]:

Y360 = Kp - 100 -

yq)r(O) = 100K, (6)
0) = 100 K 7
Y360 ~360° pPr (7)

Equation (6) and (7) shows, that the initial
controller output variable y,,_(0) not depend and that
the initial controller output variable y;.,(0) depend on
the reference angular position ¢,. Thereby, for
Ky, =1, the initial controller output variable
¥»,(0) = 100%, regardless of the reference angular
position ¢,. The initial controller output variable
V360(0) instead will be higher, the greater
is the reference angular position ¢, or the
amplification factor Kp. These prevent unstable
oscillatory step responses, when the initial absolute
error is too small [7].

Experimentation Realization and Results

Experiments were performed to control the mo-
tor shaft angle of the Maxon Motor RE-max29, the
setup is shown in Figure 6.

Table 1 presents defined experimental parame-
ters, constants and measured values. Six experi-
mental factors (Table 2) and 15 arrangements of
these factors (Table 3) were defined. By varying the
parameters K, and ¢, from Table 1, 5 measure-
ments were taken to calculate the relative angle er-
ror average @, for every arrangement (called Test),
which are summarized in Table 4. For every test, it
was chosen two different amplification factors K, of
the used controller output variable (4) and
(5) and three different reference angular positions ¢,
of 1°, 5° and 90° [7].

Figure 6. Experimental setup

Table 1. Experimental parameters, constants and
measured values

o Unit /
Symbol Description Value
Reference angular o
Pr position
% Amplification factor of )
P Pos-algorithm
ppr Pulses per revolution of 4000
encoder
fowm Frequency of PWM signal 190800()'-"_'22
K Reference value for Or
ref Pos-algorithm calculation 360°
Measured angular o
Pm position
e Relative angular error %
_, Relative angular error
Pe average %
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Table 2. Experimental parameters, constants and
measured values

Table 3: Arrangements of experimental factors

Test A B C D E F
o )
E E Description 1 2 3 ; 1 1 ; 1 1 1
Pos-algorithm 3 1 1 1 2 1 1
Al - datatype | Float | Integer | - 4 1 1 2 | 2 | 1 1
Timer1 Mode Fast
B ] of Operation CTC | pwm ) > 2 L ! L L L
Execution 6 2 1 2 1 1 1
C fr frequency of 100H 200Hz 500 ’ 2 1 1 2 1 1
Pos-algorithm | 2 Hz 8 2 1 2 2 1 1
Reference 9 2 1 1 1 2 1
D | Ky Vagﬂ;ﬁm‘f& o, | 360° | - 0 | 2 1 2 1 2 1
calculation 11 2 1 1 2 2 1
Resolution of 12 2 1 2 2 2 1
E | digit Integer Pos- - 3 digits | - 13 2 2 1 2 2 2
Rosatuion of 3 P P P R R
F | Kpwu : 255 16000 - 15 2 2 3 2 2 2
PWM signal
Table 4: Relative angular error average for 15 tests [%)]
Ky ©r 3 4 7 1 12 13 14 15
1° 94.60 100.0 100.0 100.0 - - - - -
1 5° 4.76 100.0 100.0 100.0 - - - - -
90° 0.68 10.10 8.78 - - - - -
1° 96.40 100.0 91.00 85.60 - - - - -
10 5° 7.36 5.64 9.84 - - - - -
90° 0.56 0.94 0.56 - - - - -
1° - - - 100.0 100.0 100.0 100.0 100.0
100 5° - - - 13.40 5.88 11.60 5.64 12.88
90° - - - 1.22 0.62 0.74 0.14 1.62
1° - - - - - 100.0 100.0 100.0
200 5° - - - - - 12.00 17.20 4.76
90° - - - - - 0.66 0.52 0.28
1° - - - 56.80 55.00 - - -
250 5° - - - 9.12 10.96 - - -
90° - - - 0.40 0.64 - - -
1° - - - - - - - 11.60
500 5° - - - - - - - 4.16
90° - - - - - - - 0.22

Experimentation Analysis

Table 4 contains the relative angular error
averages ¢, of all successful tests. Tests with an
unstable step response of the DC motor resulted in
invalid test results, which were eliminated from this
table. It must be noted, that these tests used
equation (4), which results in an initial controller
output y, (0) = 100%, regardless of the reference
angular position ¢,.. However, the acceleration of the
DC motor shaft should be reduced, the smaller

is the absolute angular error ¢, which results in
equation (5) [7]. Thus, the initial controller output
variable y;¢,(0) depends on the reference angular
¢, resulting a stable step response of the DC
motor, which are represented by the successful
executed tests [11].

Test 3, 4 contain the Pos-algorithm using the
float data type and Test 7, 8 and 11 — 15 the Pos-
algorithm using the integer data type. Since in Test
3, 4 and 7, 8 the experimental factor D = 2 and the
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reference angular position ¢, < 360°, an amplifica-
tion factor of Pos-algorithm K, > 1 was chosen. Test
3, 7 use the same execution frequency of fp =
100Hz, like Test 4, 8 use the same execution fre-
quency of fp = 200Hz. Between Test 3 and 7 and
Test 4 and 8, the relative angular error average @,
remains approximately the same, which confirms the
functionality and equality of the Pos-algorithm using
float or integer data types [7].

A significant improvement can be noted, when
using the PWM signal with high resolution F = 2, a
high execution frequency of Pos-algorithm
fr =500Hz (C = 3) and a high amplification factor
Kp = 500, used for Test 15 [7].

Conclusions

The paper presents a new application for a
Technical Vision System (TVS) used in combination
with a drone for measuring the vegetation vitality of
plants and crops. The emphasis of present paper is
the accurate positioning of the laser beam in the TVS
field of view by using a closed-loop control algorithm
to reduce the laser beam positioning error after
control. Experimentation was performed using
different experimental factors and different
arrangements of these factors, to analyze the
influence of every factor.

A first improvement of the DC motor step re-
sponse was achieved using equation (5) instead of
(4). Thereby, the initial controller output variable
V360(0) is reduced the smaller is this absolute angu-
lar error. This leads to a stable DC motor step re-
sponse and successful executed tests.

Furthermore, the functionality and equality of the
Pos-algorithm using float or integer data types was
confirmed. For this purpose, two equal Pos-algo-
rithm using two experimental factor arrangements
were applied: one using floating-point data types
(Test 3, 4 in Table 4) and one using fixed-point data
type (Test 7, 8 in Table 4). Comparing Test 3 with 7
and Test 4 with 8, it can be seen, that the relative
angular error average @, remains the same.

A significant improvement of the DC motor
step response was achieved by using a high PWM
duty-cycle resolution and a high execution frequency
of the Pos-algorithm, which must be both as high
as possible, to realize a quasi-continuous control.
Thereby, the best experimental results are given
by Test 15 in Table 4 for a amplification factor
of Kp = 500 [7].

This promising laboratory result encourages us
for in situ field testing. It mean that achieved posi-
tioning accuracy can lead in practice to the adequate
laser ray positioning on crops, and further work on
enhancement of UAV operating range in considered
practical application.
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AHHoTauisA

HocsarHyTi pesaynbTaTtu B OUiHLUi POCNUHHOCTI
Ans ynpasBniHHA NPMPOAHMMU pecypcamMu

O. CeprieHko, J1. Nlinaxep, B. Tupca, B. ®nopec-dyerTtec, U. Pogpiriz-KyiHoHes,
M. PiBac-llone3s, 1. FlepHaHae3-ban6yeHa

Po3rnsaHyTo MOXNUBICTE 3acTocyBaHHA ApoHiB (abo 6e3ninoTHux nitanbHux anapartie, BJIA) B
NOBITPSIHOMY KOHTPOIi BereTauiiHMX NOKa3HUKIB CiNbCbKOrocnoAapchbknx KynbTyp. BignosigHo fo uiel 3agadvi
npeacraeneHa cucrtema TexHiyHoro 3opy (CT3) Ha 6asi AvHaMiYHOro TPWAHTYMAUIMHOMO na3epHoro
CKaHyBaHHs. [osICHIETLCA 3acTOCyBaHHA Lboro CT3 ons BU3HAYEHHS IHAEKCY XUTTEBOI CUMN POCITMHHOCTI.
Buxoasum 3 BUSBNEHOI iIHTEHCUBHOCTI KOSNbOPY CiflbCbKOrOCNoAapChKUX KynbTyp, NEPETBOPEHOrO B KOHKPETHI
napameTpu NPONOPLIMHOIO eNEKTPUYHOIO CUrHany B ONTOENEeKTPOHHOMY kaHani CT3, M1 MOXeMOo oTpumaTu
psg NpPakTUYHUX BWCHOBKIB, KOPUCHUX AnNs nofanblioi 06pobKM  CinbCbKOrocnogapcbkoi  MpoaykKLii.
PesynbTatn obuncnioBanbHMX pesynbTaTiB Takoro nepeTBOpeHHs HaBedeHi B TekcTi. [NepenbavaeTtbea
inbTpauis 30BHILLHLOrO LLYMYy pe3ynbTaTiB LibOro MeToay, po3rfsHyTa HeobxigHa fogaTkoBa MateMaTuyHa
06pobka MeToAOM rpaHNYHNX enemeHTis (BEM), metogom MoHTe-Kapno (MC) Ta MeTogom KiHLEBOI pi3HUL
(FDM); wo BEM nponoHye Ginbl TOYHi pe3ynbTaTu. [NokasaHo, Lo TOYHE MPOCTOPOBE MO3ULIOHYBAHHS
CKaHYO4Oro fia3epHoro nNpoOMeHsi Mae NepLloYeproBe 3HaAYEHHA s NpaBunbHOI poboTHM cucTemMu B LinoMmy.
HaBepgeHo kinbka JocnigHULBLKUX MeToAiB Teopil ynpaBniHHA Y 3aMKHYTOMY KOHTYpI, Taki sk Pos-anropuTtm 3
BMKOPUCTaHHSIM Nnaeatoynx abo uinux Tvnie gadux, curHany LWIM Towo, ans noninweHHs no3unuioHyBaHHS
Bany ABuryHa noctinHoro ctpymy Maxon RE-max29 3 pogatkoBum kogepoM, 3 Linnio niaBuLLeHHA TOYHOCTI
3-MipHOro flasepHoOro CkaHyBaHHS.

KnrouoBi cnoBa: nosimpsHul KOHMPOJib CiflbCbKO20CN0dapChKux Kyrnbmyp, 6e3ninomHull nimanbHul
anapam, iHOeKkc xummesdamHocmi pPOCAUHHOCMI, rfasepHe CcKaHysaHHs, OuHamidHa mpiaHaynsayis,
M03UUiOHY8aHHS1 erlekKmpornpueody, 8iOHOCHa HeEGU3HaYeHICMb

AHHOTaUuA

HdocTurHyTble pe3ynbTaThl B OLleHKe pacTUTENIbHOCTHU
ANA ynpaBneHus NpupoaHbLIMU pecypcamu

O. Cepruetko, J1. lungxep, B. Tripca, B. ®nopec-Pyentec, N. Poapurus-KynHoHes,
M. PuBac-Jlones, [. lepHaHae3-banbyeHa

PaccmoTpeHa BO3MOXHOCTb NPYMeEHEeHNst APOHOB (Mnn BecnnnoTHbIX NeTaTenbHbIX annapaTos, BINJ1A) B
BO3/YyLLUHOM KOHTPOIe BereTaLMOHHbIX NoKasaTenemn CenbCKOX03anCTBEHHbIX KyrnbTyp. CornacHo aTow 3agayu
npegcraBneHa cucrema TexHuyeckoro 3peHus (CT3) Ha 6ase AMHaMUYeCKOro TPUAHIyNSALMOHHOIO fla3epHOro
ckaHupoBaHusi. ObObsicHseTcs npumeHeHus atoro CT3 ang onpeneneHns UHAOEKCa XWM3HEHHOW Cunbl
pacTutenbHoCcTU. Mcxooda w3 BbIABMEHHOW WHTEHCUMBHOCTU LBETa CeNbCKOXO3SNCTBEHHbBIX KynbTyp,
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npeobpa3oBaHHOrO B KOHKPETHble MNapameTpbl MPOMOPLUMOHANbHOMO  3MEKTPUYECKOro CcurHana B
OMNTO3ANEKTPOHHOM kaHarne CTC, Mbl MOXeM MNonyyYuTb pPsfA MNPaKTUYECKUX BbIBOAOB, MOME3HbIX Ans
AanbHenwen obpaboTkM CenbCKOXO3SIMCTBEHHOW NpoayKuMu. PesynbTaTbl BbIMMCIUTENBHBIX pe3ynbTaTtoB
Takoro npeobpasoBaHus NpMBeAeHbl B TekcTe. Mpeanonaraetcst punbTpaLms BHELIHErO WyMa pe3ynbTaTtoB
3TOr0 MeToda, pacCcMoTpeHa Heobxoguma [oMonHUTENbHast MaTemaTudeckass obpaboTka MeTodoMm
rpaHn4yHbIX anemeHToB (BEM), metogom MoHTte-Kapno (MC) n Mmetogom KoHeuHbix pasHocten (FDM) yto
BEM npegnaraet 6onee To4Hble pe3ynbTaTthl. [lokasaHo, YTO TOYHOE NPOCTPaHCTBEHHOE MNO3NLIMOHNPOBAaHME
CKaHMPYIOLLEro fnasepHoro fnyya vMeeT nepBOCTENEHHOE 3HayeHne AN nNpaBuibHOW paboTbl CMCTEMbl B
uenom. MNprBeaeHO HECKOMbKO MCCriefoBaTeNbCKMX METOAOB TEOPUM YNpaBneHWs B 3aMKHYTOM KOHTYpe,
Takve kak Pos-anropuTm ¢ uUcrnonb3oBaHMEM NNaBalLLMX UNK LenbiX TUMOB AaHHbIX, curHana WM v 1.4.,
ONa  ynydweHns no3svUMOHMPOBaHWS Bana [gBuratenst MocTosiHHoro Toka Maxon RE-max29 c
AONOMHUTENbHBIM KOAEPOM, C LieNbio NOBbILLIEHNS TOYHOCTU 3-MEPHOT0 Na3epHOro CKaHMPOBaHMUS.

KnioueBble cnoBa: 6030ywWHbIl KOHMPO/b Ce/IbCKOXO3SUCMEEHHbIX  Kyfbmyp, 6ecrnunomHbil
niemamersibHbIl - annapam, UHOEKC XU3Hecrnoco6HOCMU pacmumesisHoCmu, Jia3epHoe CKaHuposaHue,
duHamu4eckasi mpuaHaynsyusi, Mo3UUUOHUPOBaHUE 3/1eKMPONPUEoda, OMHOCUMesbHas! Mo2pelHoOCMsb.

MNMpeactaBneHo Big peaakuii: . Mepkopenni / Presented on editorial: P. Mercorelli
PeueH3eHT: P.B. AHToweHKkoB / Reviewer: R.V. Antoshhenkov
lNodaHo do pedakuii | Received: 13.04.2018

ImxeHepia npupogokopucTyBaHHs, 2018, Ne2(10), ¢. 94 - 101
www.mtf.khntusg.com.ua Engineering of nature management, 2018, #2(10), p. 94 - 101


http://www.mtf-khntusg.at.ua/index/visniki/

	Advances in Measurement of Vegetation Vitality applied  for Nature Management
	O. Sergiyenko, L. Lindner, V.Tyrsa, W. Flores-Fuentes,  J. Rodriguez-Quiñonez, M. Rivas-Lopez, D. Hernandez-Balbuena
	Автономный университет штата Нижняя Калифорния (г. Мехикали, Мексика),  srgnk@uabc.edu.mx, ORCID: orcid.org/0000-0003-4270-6872

	Аннотацiя
	Аннотация

