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REMOTE GRASSLANDS CROP PRODUCTIVITY MEASUREMENTS WI TH USAGE OF
MULTISPECTRAL CAMERA AND SMALL UNMANNED AERIAL VEHI  CLE

Summary

Grasslands, with about 40% coverage of entire Earlurface as a source of valuable animal fooditnagion of still in-
creasing cost of production are in need of spec@ak concerning its performance, conservation aratlpctivity. In times
of intensive production and decreasing arable araad increasing costs of animal production, divisesi and quality
management is required for grasslands. Highly dgwedl precision farming tools, commonly used in @lsrerops, espe-
cially remote sensing, allowing nondestructivet fasd accurate monitoring during grow season, camaldopted to grass-
lands in the framework of organic animal husbandsywell. Aim of this article was attempt to cheekiote sensing of
grassland biomass as precision, high-performanag lamw-cost substitute of currently developed methil use of hand-
held biomass meter-herbometBesearch has shown that there is possibility td firathematical relationship between the
NDVI values and the grass height in the pasture.

Key words organic farming, sustainable farming, remote segsprecision agriculture, multispectral cameraA{, plant
health indices, NDVI.

ZDALNY MONITORING WYDAJNO SCI PRODUKCYJNEJ PASTWISK ZA POMOC A KA-
MERY WIELOKANALOWEJ | MALEGO BEZZAL OGOWEGO STATKU P OWIETRZNE-
GO

Streszczenie

Pastwiska, stanowce okoto 40% pokrycia Ziemi jakoddio wartgiciowej paszy dla zwiegz hodowlanych w sytuaciji ro-
smycych kosztow produkcji wymagajzczegolnej uwagi odstae ich wydajnéci i jakasci. W obliczu intensywnej produkgji
zwierzcej, zmniejszaniu powierzchni upraw i rgsyich kosztéw, pastwiska wymagppszerzonego i wysokiej jakn za-
rzqdzania. Wysoce rozwite narzdzia rolnictwa precyzyjnego, powszechnie stosowangrawach zhiowych, a szcze-
g6lnie zdalna detekcja, urliwiajgca bezinwazyjny, szybki i dokladny monitoring wsiza&ezonu wegetacyjnego, mog
by¢ réowniez zaadaptowane do pastwisk w ramach ekologicznegwiectzwiergt. Celem artykutu byta préba sprawdzenia
metody teledetekcji biomasykbwej jako precyzyjnego, wysokowydajnego i taneggoniennika obecnie stosowanego spo-

sobu do pomiaru biomasykowej z wykorzystanieneaznego herbometru. Badania wykazaty jstnieje megiwos¢ znale-
zienia zalénasci matematycznej gdzy wartgciami wspotczynnika NDVI a wysaole; trawy na pastwisku.
Stowa kluczowerolnictwo ekologiczne, rolnictwo zréwnowmne, zdalny pomiar, rolnictwo precyzyjne, kamerelekana-

towa, BSP, wskaiki wigoru raslin, NDVI.

1. Introduction

In accordance with the requirements of organimifag, in
the pasture season, animals should have accessstiargs.
Pastures, particularly grasslands, are importameht in or-
ganic farming because they provide the cheapedulindlue
feed, which can be the only feed for cattle in semrnThe
condition of grasslands and the quality of a fonageluced on
them affect the condition and health of animaleirthehavior
and also the quality of animal products [4].

For a farmer, animal production in organic farmisg
not only care of animal welfare, it is also an emoit ac-
tivity that should bring a profit. Economical rulesquire
responsible managing to make best profit from giassa.
To make right decision, access to substantial méion is
required: up-to-date, accurate and understandateleasd
time-over-the-season specific information about guobis-
ture, temperature) and plants (health, droughsstrgield
potential).

Since development of global positioning system $GP
Navstar) and remote sensors for soil and plantsneza in
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early nineties, site specific measurements as qfaPtreci-
sion Farming practices are available for commorpgras
wheat, corn, oil seed rape and others. Observatideaf
area in specified bandwidth, can give informatidrowt
plants condition:

Recent development of compact size and light wave
multispectral cameras carried by small unmanneidlass-
hicles (UAV) with appropriate data processing saftsy
both desktop and web based, allow seasonal plardgi-
toring on large area. A lot of usable spectral éedi have
been developed, with most popular Normalized Déffese
Vegetation Index, described by mathematical formula
_NIR-RED, 1)

NIR + REC
where:
NDVI - Difference Vegetation Index,
RED - reflectance in red range, (668-683 nm),
NIR - reflectance in the near infrared range, (828-nm).

Such information can be very useful for deterngnin
zones of unhealthy plants, low biomass or othentplab-
normal stadiums.

NDVI
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Precision farming practice, successfully evaluated 2. Aim of study
arable farming, also in organic farming, is beitgrted to
be introduced in pasture. In combination with dorier
observing vegetation in pastures, advanced techesdor
animal observation and identification may be us€de
Dogg Bone Drone remote monitoring technology from
Herd Dogg consists in collecting data from tags nted on
animals via the drone [9]. The use of unmannedbeeihi-
cles to identify animals in the pasture with thegbility of 3 Materials and methods
assessing the state of vegetation in the pastutealdw

the creation of new herd management techniquersgianac For research 60 ha grassland area has been selecte
farming. (Rega river valey, close to Lobez, West Pomerania,

, , 5337'56.49"N, 1535'04.48"E). All measurements have
The use of multi spectral analysis and dronelierds- peen done on $4of May 2018. Multispectral measure-
sessment of the condition of plants in fields aadtpres is  ents have been taken with Parrot Sequoia four-band
difficult both in data acquisition and in their émpretation. o4 (R, G, REDEDGE, NIR), Mazur and Chojnacki [6]s
Schellberg et al. in their research found that, mgnother  compact, GoPro sport camera size unit with extr& G
precision farming tools Q(a_velpped for gras;landheiero— ceiver (for picture geotagging) and four band ambight
geneity management, digital image analysis (DIAp@&r-  sensor for sun light compensation. Camera hasiitsauto
ground imagery and yield measurement systems, EMOfiggering system (time or distance based). Camesscar-
sensing for precision pasture and livestock managens  ioq by AGRODRON® X4 quadcopter (5 kg MTO) which
very interesting and prospective [7]. They suggeat key  performed measurements taking picture at 300 metiths
to su_ccess_ful preC|5|0n_agr|cuItl_Jre rather_ th_ariecnhg appropriate overlap and sidelap (80%) land coverage
data is their understanding and interpretationingemore  achieving 30cm/pix resolution, IMU (internal measment
rapid development of PA in grassland when adegs@t® ity with gyro to analyze and record angles of esr(no
sors for rapid non-destructive measurement willabail- gimbal installed) and sun and pictures angles, hvhice
able. Von Bueren et al. testeq four different UAMreed  seq for proper data processing. Pictures set (&S6res,
optical sensors over grassland: standard RGB caf8eryy  toyr TIFF files for one shot, for particular bandii) have
Nex5n), DYI IR compact camera (Canon PowerShot); MU heen processed in dedicated software (Pix4Dag)aduse
tispectral camera (Tetracam MCA6) and spectrometghosaic map and calculate spectral indices. Additign
(UAV STS) comparing them with ground meter ASDRGR pictures set has been taken with Sony ILCE 6000
HandHeld 2 [8]. All tested sensors correlated wedipe-  ~5mera (24 MPx, 6000x4000 pix resolution) and pseed

cially professional grade (Tetracam, STS) with ®839n iy pixDAg for visual judgment. Th&GB map of survey
of high caution concerning customer grade camespe€ req is presented in Fig. 1.

cially being used for quantitative vegetation moriitg. _
Von Bueren found radiometric calibration of measugats 5 ppe
as important factor to secure accuracy using itpiecal ;
line calibration. Although, inherent differences spectral
and radiometric properties of tested cameras leathtia-
tions in measured reflectance factors. As factparnodat-
ing four tested airborne sensors over the sameddneder-
est because of different footprints was a challemggzur
and Chojnacki compared compact cameras, DY IR ¢@an %L 4
S100 Event 38 mod), dedicated, low-cost two-bandeza o
and Parrot Sequoia four spectrum camera used snréhi
search, finding similar problems as Von BuerenlefH.
There was found that non-professional camera capmst
vide qualitative data for interpretation.

Aim of this early stage research was attempt tionese
correlation between grassland fresh biomass andspet-
tral indices to develop nondestructive, remote meament
method of grassland yield to substitute inefficjdmigh-cost
hand-measurements with usage of herbometer which
method highly restricts common grasslands monigprin

According to Capolupo et al., using hyperspedtralg- \ : ;
ing and continuous reflectance spectrum can betaddp ‘
characterize both structural and biochemical trafitgrass-
land [2]. Using UAV and hyperspectral imagery cam b Fig. 1. RGB map of survey area
used to maintain health status of grassland earsystug- Rys. 1. Mapa RGB obszaru pomiarowego
gesting Partial Least Squares Regression (PLSR)eat
statistical multivariate regression technique faplaining Fig. 2 presents the NDVI map of survey area ofgjeand.
the relationship between hyperspectral data vasakind Down sampled vector indices map (SHP, 1 meter-reso
grassland traits. Grassland canopy height can k@suned Iution grid) has been exported from Pix4Dag softvéor
remotely with the use of DSM, crop model using UAV.ground survey. Manually selected points of intecestndi-
Borra-serrano et al. compared herbometer readings w ces map have been selected and survey has beeeglen
DSM model achieving correlations from 0,517 to 62 FarmWorks Maping software. Using handheld computer
which is quite good result [1]. However, Grenzdérfivho  with GPS receiver and Farmworks Mobile survey saftv
tested crop height determination with UAV achievedr  with planned points, plant canopy biomass in selctes-
correlation with VARI (Visible Atmospherically Retsant  tinations of grassland has been tested and statigtcom-
Index) which uses RGB (visible light) data [3]. pared with given indices.

- ] ’ i
Source: own work Zrodio: opracowanie wiasne
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Do-It-Yourselves herbometer
sity/biomass meter) has been developed.

It is commonly used measurement but rather fagrsci
tific purposes than practical because of its pentoice.
Measurement plate of 50 cm diameter and weightofia
360 grams moves smoothly by the guidance pipeabist
from ground to plate freely sustained on the canbpy
been measured indirectly by measurement of theurtdist

(grass canopy denthe results obtained from the herbometer and NIDWdicia-

tors has been determined by mathematical formgla (2
Y =0,0011- x + 0,2337 2

where: Y in this equation means NDVI value,
X is grass height measurements from herbometer.

For the obtained linear equation model, the catieh
coefficient of B was 0,7507.

between laser distance meter (BOSCH PLR50C) and the Linear equation best described correlation, higivder

plate.

Source: own work Zrédto: opracowanie wiasne

Fig. 2. NDVI map of survey area of grassland
Rys. 2. Mapa NDVI obszaru batlezytkéw zielonych

Therefore herbometer had so heavy plate that geass
opy bend under weight of the plate. Device usedgfass
measure is presented in Fig. 3.

Source: own work Zrodto: opracowanie wiasne

Fig. 3. Herbometer with laser distance meter
Rys. 3. Herbometr z laserowym pomiarem odksgto

4. Results

To perform measurements 16 points in the pastere w
selected. The results of the grass height measuatsraad

equations where less correlated.

Research has shown that there is a mathematieal re
tionship between the NDVI coefficient values and grass
height in the pasture.

Tab. 1. Results of grass height measurements uwmng
bometer and NDVI values.

Tab. 1. Wyniki pomiaru wysok® trawy za pomag her-
bometru i wartéci wskanika NDVI

Item | Herbometer values [mm] NDVI values
1 537 0,876
2 323 0,741
3 55 0,423
4. 545 0,813
5. 404 0,736
6 157 0,399
7 30 0,298
8 42 0,347
9. 329 0,714

10. 64 0,107
11. 367 0,369
12. 169 0,21

13. 558 0,901
14. 537 0,786
15. 217 0,615
16. 92 0,354

Source: own work Zrodto: opracowanie wiasne

y=0,0011x+0,2337
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Fig. 4. Relationship between NDVI values and heréiem
measurements

Rys. 4. Zalgnasé pomidzy wart@ciami wskanika NDVI
a wskazaniami herbometru

5. Discussion

Researched fast and non-destructive grasslandalsem
measurement method with usage of small UAV andisault

corresponding them NDVI values are shown in Tahle lpectral camera shows it as comprehensive for manaige

These results were transferred to the chart inRige 4.
A regression equation describing the relationstépyveen
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and conservation of grasslands. It can be promisiabfor
farmers, advisers, government institution to corserass-
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lands area. Access to low cost UAVs and multispéctr
cameras open this solution for wide range of actors

Although, further development and validation are
needed to increase quality and repeatability ohodte.g.
influence the time of day when multispectral meament
are being taken, which spectral indices (in papely o
NDVI as most popular has been considered) beselaber
with grass biomass, growth stage limits etc.

(4]

(5]
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