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https://soilmoisture.wordpress.com/2019/08/16/soil-water-status-saturation-field-capacity-and-wilting-point/
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https://www.metergroup.com/environment/articles/soil-moisture-release-curves-what-they-are-why-you-need-them-how-to-use-them/
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https://www.specmeters.com/weather-monitoring/sensors-and-accessories/sensors/soil-moisture-sensors/watermark-soil-moisture-sensors/
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https://www.quora.com/How-does-microclimate-relate-to-agriculture
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https://www.gardenmyths.com/plants-produce-oxygen-from-carbon-dioxide/
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https://www.ducksters.com/science/photosynthesis.php
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https://biology-igcse.weebly.com/effect-of-temperature-on-the-rate-of-photosynthesis.html
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Ve ~ With the support of the

. . - Modern Techniques to Ensure
Mikroklimac@ft I Oy 2ad 1T NJ { | Eranues Peostam e E ErvronmentalSustanaoity
Al LR2SRAYAY FEHIEYF Nrigze2t o6Af21FYlF Y20S LRR2SRYy!

OGSGA A LIN S@PAaz1l A LgN\E}/A:Elll' I-uAQ;fI @floyzau |
A Uuvjetimay A 41 S @f 0O\t 22810SA ATYNISIVIT A @y A2 AWNR OS @2 Rdzx

L2 SO @ &S OGN YALIANI Oacl = |

§l 2dz Rl dz Gf dz

- Y%Réﬁulas o
?2@%8% QSOIB él @IL
er123 gesi

iracifg

OAf 20A LINA&aGdzLI 6yS @2RSS dz ai
| dz &4f dz6| 2dz Rdzf 253 NJ}IT R206f 2t

dz dz@2SuAYlE @GA&a21AK GSYLISNI GdzNg
FGY2&¥FS NGB QVJStlmaaim& | nalijevanja zrna niska

enzitet tracl:?ép

¢

NEEFaAGYyr @tk 3F T N1F R202RA 2 2Siyz213
YSLI2GLIMzy23 2LINY OAQGlyea2l > F NYIT R2 A2Sglyal
U uvjetimald2 @3S o6 | v S @ fulraziigbfuscvatmje il NJ 1 |

2L 2Ry 2S 2YSiOl 20§01 Nrye2S LINYOYALlF A LINBy20SyeaS O0¢
G2SUNBY® t2¢gS8tyel 2SS @gftr3IF T NYlF A 2LBSyAdz yk RIS
YFaS 620124 arcSy20e ! dzgeSGAYl LR2GSO6FYAK (SYLISN

dolazi do razvoja biljnih bolesti

fa



https://biology.stackexchange.com/questions/56703/effect-of-transpiration-on-plant-growth
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https://www.specmeters.com/weather-monitoring/sensors-and-accessories/sensors/soil-moisture-sensors/watermark-soil-moisture-sensors/
https://www.specmeters.com/soil-and-water/soil-moisture/fieldscout-tdr-meters/
https://www.delta-t.co.uk/product/sm150-kit/
https://www.irrometer.com/sensors.html
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https://www.agweek.com/news/4254715-tracking-soil-temperature-important-step-planting-experts-say
https://ecohillagri.com/soil-temperature-and-heat-flow/
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https://www.researchgate.net/publication/11369163_Surface_Flux_Measurements_of_CO_2_and_N_2_O_from_a_Dried_Rice_Paddy_in_Japan_during_a_Fallow_Winter_Season/figures?lo=1&utm_source=google&utm_medium=organic
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https://www.decentlab.com/products/soil-moisture-temperature-and-electrical-conductivity-sensor-for-lorawan
https://agrologistika.hr/hr_HR/mjerni-instrumenti/konduktometri/hi98331-ec-metar-za-tlo
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https://agrologistika.hr/hr_HR/mjerni-instrumenti/ph-metri/ph-metar-za-tlo-i-tekucine-phg
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https://www.blickfeld.com/blog/lidar-in-agriculture/
https://geospatialawarenesshub.com/blog/lidar-technology-in-agriculture-industry/
https://blogs.systweak.com/applications-of-lidar-technology/
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https://www.123rf.com/photo_88094917_smart-agriculture-concept-farmer-use-infrared-in-drone-with-high-definition-soil-mapping-while-plant.html
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https://en.wikipedia.org/wiki/Photosynthetically_active_radiation
http://albopepper.com/PAR-light-spectral-quality-in-horticulture.php
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A NDVIis calculated from the visible and neiafrared light reflected by vegetation
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https://sentera.com/understanding-ndvi-plant-health/
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https://sentera.com/wp-content/uploads/2017/05/Sentera_AgVault_NDVI_Mosaic.png
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https://www.beechamresearch.com/files/BRL Smart Farming Executive Summary.pdf
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Sentnel2 sateliti Start June 23, 2015

CopernicudMisija- informacijezad S1 G 2 NJ L2 f 22 LINA ONEB 3
0 8R2 YADRNDOAG2Y NI | 02 Sglanditihrad2 a G A T | y

Slike s&entinekatelita koriste seadetrminacijuNJ T f bijdiindeksg
kaoO (s@indeksihlorofilai a I R N&dewlistovima

Mogu se koristiti | zafikasnoLINS R @ prifidsal s&izuZzemljire
vegetace.

Sentinel-2 Bands Central Wavelength (um) Resolution (m)
Za”j;:;"“‘a' acrosol zj:z f‘; 2 satelitaSentineRA i 2B
Band 3 - Green 0560 10 Skeniraju svaki dio zemljine kugle svakih 5 dana!
Bandd-Red 0685 & Lete u tandemu, polarna orbita. Za jedan krug
Band 5 - Vegetation Red Edge | 0.705 20 . . . . .
Band s - egetation Red Edge. | 0.740 2 treba 90¢ 100 minuta, gdje je 50 minuta razlike
Band 7 - Vegetation Red Edge | 0.783 20 T A G -
Band & - NIR 0.842 10 A I Y S&@ta
Band 8A - \egetation Red Edge | 0.865 20
Band 9 - Water vapour 0.945 60
Band 10-SWIR-Cimus | 1375 60 Sentinel2Look Viewer, EarthExplorer
Band 11 - SWIR 1.610 20 .
S 2190 = Copernicus Open Access Hub

@ https://landlook.usgs.gov/sentinel2/viewer.html
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Precision agriculture




Precision agriculture
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Skalabilnost

Prostronarezolucija

Vremensla rezolucijei
operativnufleksibilnost

Spektralna rezolucija

Minimalni zahtjev prilikom
kupovine
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Zavisnost od vremenski
uslova
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Modern Techniques to Ensure
Environmental Sustainability
in Eastern Europe
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20¢ 50 cm po pikselu

Limitirana orbitom kretanja
satelita
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100¢ 1000 km2

0.5¢ 1.5 BAM po ha

Osijetljivi na bilo kakvo
smanjenje vidljivosti (npr.
oblaci)

Ultra visoka, 1 cm po pikselu

Vrlo fleksibilno

Slike se mogu dobiti po
potrebi

a 2 3 dzo pbRosindg
shimanja
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hiperspektralnirkamera

Nije relevantno
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Let horizontalno i vertikalno

Polijetanje i slijetanje vertikalno

Manjih dimenzija
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Fixed Wing

Potreban trening

Stalno u pokretu

Samo horizontalan let

Prostor za polijetanje i slijetanje
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Mogu biti skupi
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Kratko vrijeme leta
MalaY 2 3 dzd pfeddsdiereta
Slaba stabilnost na vjetru

Mala brzina leta
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a 2 3 dzd pfehasaereta
Dobra stabilnost na vjetru

Velika brzina leta



Fotogrametijag daljinskoA & i NI -QWAWI y 2 S

DJPPhantom4 Multispectral

Maksimalnovrijemeletaod 27minuta

Dometprijenosado 7 km

1 RGBamera multispektralnnizkameras 5kamerakoje pokrivajuopsege

Blue, Green, Red, Red Ediear Infrared
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LI O taldta secilianeodlukeo f A 2 Sndo§uirddpnijeti
Maksmalnanominalngpokrivenosinal80 m: 63 ha

¢ | dsyhjerenp: 1 cm

SensefleBeeAg
Maksimalno vrijeme leta 55 minuta
RGB multispektraln&kamera sa bpsega
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Prikupljanje Fotogrametrijska Objektna analiza Mapiranje
podataka obrada slike predikcija

Dron
Opensourcebaza podataka

Digﬁal Surface
Model (DSM)

Di9i+al Terrain
Model (DTM)

Kalkulacije
- Broj biljaka

DSM DTM . :
- Indeksi vegetacije

— - Drugo
Ortomozaik

LT @t |
karakteristika

fotogrametrijskih
snimaka

DSM (Digital Surface Model)
"DTM (Digital Terrain Model)

CHM (canopy Heignt Moden
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Koji tip

= Tip
osobine ia?cfelé\ bilinih
bilike P podataka
Podaci o stanju [l Identifikacija [ll '0eane
i7ai e P Dronovifiksnih krila: velike biljke iAl Ot | : :
Dizajn Abiotskiio A 2 Gtk 1 AR TN i e Ty [l Destruktivni/ Ne vodataka za (indeksi
Aau NI te m1ine fhsierspektralne vegetacije i

' i i destruktivni
kamere DronoviMulti -kopteri:

N . = ~ Na nivou lista,
Rast biomasa Lidar / Ve SI I.‘.ﬂﬂ'@m adlrofary
multispektralnei RGBkamere _frezolucya - parcele

*provjeriti UAV regulacioni okvir

cilinu lokaciju

sl.)

Obrada

podataka
Prikupljanje podataka

Pregledati kontrolnu listu u Vizuelna i digitalna kontrola Pregledati kontrolnu listu : o
. : . Prikupljanje

prlprerplgrona za let, . drona sa zemlje, upotreba nakon leta drona stvarnih
0l ORI NByes kontrolne stanice %l oAt 2S0OA 0 odataka o

Plan leta / misija: osigurate Provjera prijema podataka RSOl @gFyel Af bo
o : : A A x ¥ biljkama sa
adekvatnu visinu, pokrivenosti t N 6SyeS agl knjigu leta Semlie
I preklapanja hitno slijetanje Skidanje podataka sa drong J

Rezultati

{GFraAaaAs6lt Ly
podataka o stanju biljaka i
podataka sadrona

Poslije Stvarni
leta podaci
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Vegetacijski indeksi (VI)

lzuzetnoLINJ | aldtzarazyikovanje ocjenustanjapoljoprivrednog

usjevaje vegetacijskindeks koji jebezdimenzionain@ St A d N¥ 16 dzy I G I
naosnovurefleksijeelektromagnetnod NJ 6ud\y 2 If dij@ovifnad Y
spektra(Krevh 2018).

Vegetacijskindeksje broj koji kvantificiravegetacijskupiomasui / ili
shagubilike2 R NB Sa8véldaikselnaslicidaljinskogsnimka
(aerofotogrametriskognimka).

IndeksseA T NJ 6Ld2yY! 2@8lkatikospektralninopsegakojisu
osjetljivinabiljnu biomasui snagu

bl 268S D& Naégéiciskihileksie normaliziranindeks
vegetacijskeazlike(NDVI).
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MULTISPEKTRALNI

Perpendicula¥egetationndex
Greennes#boveBareSoll

Moisture Stresdndex

LeafWater Contentindex (LWCI)

MidIRIndex

SoitAdjustedvegetationindex (SAVI)
AtmosphericallyResistanVegetationindex
Soiland AtmosphericallfResistanVegetationindex
Enhanced/egetationindex (EVI)
WeightedDifferenceVegetationndex (WDVI)
Fractionof absorbedphotosyntheticallyactiveradiation(FAPAR)
NormalisedifferenceGreennessdex(NDGI)

HIPERSPEKTRALNI

DiscreteBandNormalisedifferenceVegetationindex
Yellownesindex

PhotochemicaReflectancéndex
DescreteBandNormalisedifferencéWater Index
RedEdgePositionDetermination
CropChlorophylContentPrediction

Moment distancendex(MDI)
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Moisture Stress Index (MSI)
Ovajindeksmierirefleksij koja je rezultat J2 @ S @H- yRaN&deBistovima Kakose MULTISPEKTRALNI
al RMaddue A Dd arS,dJ2 @IS sebn@ddaapsorpcijanaoko1599 nm(SWIR)
Promjena | R Nddegdtbvone dzii 2r&dpSorpcijupr 819 nm(NIR) pa seova
vrijednostkoristikaoreferenca

Perpendicula¥egetationndex
Greennes#&boveBareSoll
MoistureStresdndex (MSI)

. - : I - a X £ & LeafWater Contentindex (LWCI)
Ovaj indeks se koristi aaalizuvodnog stresa zelenih dijelova biljkgNBE R OR S | y e S |dLRé]ndex

modeliranjeproduktivnostjanalizustanjaopasnostod LJ2 OFNNJT € A 6 A ( | a bil] u@t!ed}feéétatmﬁﬂdex (SAVI)

oblasti fiziologije ekosistema. AtmosphericallRResistanVegetationindex (ARVI)
MSI jeobrnutu odnosunadrugevodne VI; @ S drigdnostiukazujuna@d S bdenistresi Soiland AtmosphericallResistanvegetationndex

manjia I R MiDe 2 AL oa £ = a Enhanced/egetationindex (EVI)

I\/rue(_jnosg)voglngeksal NEs6 dsl 0 d&d A ddl 3. WeightedDifferenceVegetationndex (WDVI)

| 2 0 A Orasgbivgienevegetacijge 0,4 do 2. Fractionof absorbedphotosyntheticallyactiveradiation(FAPAR)
NormalisedifferenceGreennessdex(NDGI)

HIPERSPEKTRALNI

DiscreteBandNormalisedifferenceVegetationindex
Yellownesindex

PhotochemicaReflectancéndex
DescreteBandNormalisedifferencéWater Index
RedEdgePositionDetermination
CropChlorophylContentPrediction

Moment distancendex(MDI)
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Leaf Water Content Index (LWCI) )
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hgl e AY R $1 a asS yle c'leﬁo@a?li%eﬂnfméls‘atéliél- L2 R | u veBareSoil
1,/2|' y 8 S32Q0 LINENI 6dzy L2 uNPBByan ASMRL(P4RYE YO 2 MH%Fe?bﬁd X%MSD LINA bLw
UbthayAy RdzOAYLFYl® LeafWaterContentindex (LWCI)

_ MidIRIndex
Enhanced/egetationindex (EVI) SoitAdjustedVegetationindex (SAVI)
EVI indeks je rezultat integracije SAVI i ARVI vegetacusklh indeksa, stogaje EVI Otpomljlmos henca,ll}?e&stant/e etationindex (ARVI)
dzi 280t 2 FGY2aFTSNR123 &l a6l O F SNR&a2E I sé\frénEAfm%QpﬁeHcﬁuﬁ& t§n§egé{a cjm%ex

EVI sdoristikaoprikazzelenila kodiljaka a povezan jead I R NJbloré&fi Y Enhanced/e etatlorinde EV)

. Af21S 1228 yAadz TRNY @S AfA adz L2ZR ysw\\&e 1 b enchye tmngexa,v\ﬁq,lyadzadz al F
ZanjegovLINZ Npotiethinyisupodacio refleksijipriNIE. w95 A . f dzS G| € IF§a§n énéﬁ‘ abgo%@céh 63% hecPcaII;actlveradlatlon(FAPAR)
NormalisedifferenceGreennessdex(NDGI)

HIPERSPEKTRALNI

DiscreteBandNormalisedifferenceVegetationindex
Yellownesindex
PhotochemicaReflectancéndex
DescreteBandNormaliseifferencéVater Index
’ RedEdgePositionDetermination
=S T CropChlorophylContentPrediction

. Moment distancendex(MDI)
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Synthetic aperture radar (SAR)

SAR je radar za snimanje postavljen na pokretnoj platformi (sateliti, avion)

SAR je vrsta aktivnog prikupljanja podataka gdje senzor proizvodi vlastitu energiju, a z:

oAf2SOA 1 2tA6AYdz 6GS SySNBA2S (122 &S5 NI 10m *m 104m

im 10-
| |
wkRIFNELA &8SyT2NR 12NR&adGS RdOS OFtySsS Rdd e 3“

posebna svojstva, poput sposobng@etsmatranjd detekcije kroz oblake. Visim; light
SAR MY 2 3 dzolYNRA@2 Sy S ag22aidl g LR ONODAYS (f
KNJ LI @240 LIR2ONDODAYSO

Dobivaju se podgci koji se mogu koristiti za upravljanje vodom, prognoziranje poplava,
LIN} 6 SyeS &4dz0OS A 2RNDAGdz LI 22 LINRA ONB R dzo

hRNBSAGlIyeS @t 3s Gt LR
Y2SNA LINB]INA@GSy2 @S3aSal O

alk e
22Y

> Qx

%

2l 6yA@A NBT dzA GFGA 2addF NHzeld? 1aNgpdsebd |
RF 2SS LIRaYFIiINry2 LR2RNIzG2S NI} gy 2

Frequency (GHz)
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Multispektralnii hiperspektraini NJ- i §ayehtski RGB NDVI
snimcikoristese zadobivanjemapavegetacijskog

indeksanormalizovaneazlikeg NDVieng.

Normalized Difference Vegetation Index).

NaovimmapamaY 2 G&diferenciratitlo od
vegetacijgtravaili O dzY; uitvrditi biljke pod stresom
kaoi razlikovatbiljne vrstei njihovufazurazvoja
Postojejakekorelacijer T Y $sbvdrenihprinosai
NDVIpodatakamjerenihu 2 R NB Sfé&zgimarssta
usjeva(Huang et al., 2013).

Premall 2 YST LaNtuSj&ai@62dz6 y A Y
fazamaY 2 Q. Y Zapreciznuprocjenuprinosa
alii preventivnodjelovanjekadje upitanjubiljni

stres
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