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Jak pouzivat data DPZ pro precizni zemedélstvi
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Struktura vyuZivani zemédélské pady v CR

Podniky celkem” 1% Velikost
Velikostni skupiny podniku vymeéra 90% - o
podle vyméry pocet obhospodarované pozemku (ha)
obhospodarované z. p. (ha) Z. p. 80% -
abs. % ha % 0% m >80

>0-<5 23 669 51,9 39 325 1.1
5-<10 5518 12,1 38498 1.1 60% ——  m40-80
10-<50 9229] 202| 208813 6,0 26.29
50-<100 2 484 54| 176 582 5,0 50% |—— — 20-40
100-<500 2919 6,4 645 342 18,4
500-<1000 829 1,8 596730 17,0 40% = 10-20
1000-<2000 637 1,4 890278] 254 30% -
2000 a vice 298 0,7 905 750 259 ] ®m5-10
|Ce|kem 45 583| 100,0{ 3501 3171 100,0 20% -

1) Bez podniku neobhospodarujicich zemédélskou pudu. W <5
Pramen: CSU - Zemédélsky registr 10% 1
Zpracoval: V. Vilhelm (UZEI) 0o

% vyméra op

Podniky >1000 ha = 51,3 % zemédélské pudy

Pozemky >20 ha zaujimaji
Podniky >500 ha = 68,0 % zemédélské pldy OzEMIKY a zaujimajl

60% orné pudy

Zelena zprava (MZe, 2015) Zdrojova data: LPIS, MZe (2011)
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Dalkovy prizkum

Spektrometricka méreni

 Hodnoceni porostu na zakladé
spektralnich charakteristik
(odrazivosti)

e vyjadreni v podobé tzv. vegetacnich

indext v oblasti viditelného, blizce m O x o o
infraCerveného nebo termalniho > Z
zareni 50 -
* Vegetacni indexy se lisi v citlivosti na 2 Healthy plant
sledované porostni parametry 40 -
(biomasa, vyzivny stav, stresové
projevy rostlin Ci stav pdy. 3 Stressed plant
— Sirokopasmové - NDVI, EVI, SAVI g 30+
— Uzcepasmové — REIP, NRERI, NDRE s
|9}
& 20—
&
Do jaké miry Ize témito metodami 10
nahradit tradi¢ni diagnostické
postupy v agronomii? 0
400 Visible 200  Near Infrared 1,000

Wavelenght (nm)
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Crop mapping

Difference in reflectance of winter
wheat (BBCH 39) at three levels of
N application (Zab¢ice 2014)
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Dalkovy prizkum

Vyuziti distancnich metod

* diferenci v zapojeni porostu W_
* vyzivného stavu agronoma

* zapleveleni porostu PETR 0 hokekdiv
* zralosti porostu @

e polehnuti

* rozliSeni mist s projevy stresovych stavu
porost(

* nebo pri snimkovani pady k diferenci
pUdnich typd, vihkostnich pomérd a
obsahu humusu.

,Rukovet agronoma” prof. Petr (Petr a kol., 1989)

...,vytvoreni viceurovriového informacniho systému resortu zemédélstvi, ktery by mél poskytovat
pro ucely Fizeni produkcnich procest expertni prognozy podminek tvorby vynosii zemédélskych
plodin”.



2013) 358-371

Available online at www sciencedirect.com

SciVerse ScienceDirect

journal homepage: www.elsevier.com/locate/issn/15375110 ‘

Special Issue: Sensing in Agriculture

Review
Twenty five years of remote sensing in precision agriculture:
Key advances and remaining knowledge gaps™

David J. Mulla

Dept. Soil, Water and Climate, University of Minnesota, USA

Zaméreni budouciho vyvoje DPZ pro precizni zemédélstvi (Mulla, 2013):

1. spektralni a chemometrické analytické metody, nebot prostorové a spektralni rozliseni
senzorovych systémd( se pro ucely precizniho zemédélstvi zda byt dostacuijici;

2. vyvoj senzor( pro primé stanoveni deficitu zZivin bez nutnost kalibrac¢nich odbért
rostlin;

3. hledani pokrocilych spektralnich index(, které umozni stanoveni porostnich parametrt
(napft. LAI, biomasa, atd.) a odliSeni stresovych pfiznaki (stres suchem, deficit dusiku,
zapleveleni nebo napadeni skodlivymi organizmy);

4. kombinaci historickych druzicovych snimkut s nizkym a stfednim rozliSenim a
ambulantni dalkovy priizkum s vysokym prostorovym rozliSenim pro zlepseni podpory
rozhodovani v preciznim zemeédeélstvi.

Mulla, D.J. Twenty five years of remote sensing in precision agriculture: Key advances and remaining knowledge gaps. Biosystems Engineering 2013, 114,
358-371, doi:http.//dx.doi.org/10.1016/].biosystemseng.2012.08.009.
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Druzicovy prizkum z volné dostupnych dat How a pushbroom sensor

creates an image...

Landsat (NASA/USGS) od 70. let 20.stol. (od 2014 Landsat 8)
Doba obéhu 16 dn( (8 dnu v prekryvech)
Rozliseni 30m (OLI) / 100m (TIRS), zabér 180 km
zdroj: Earth Explorer, Google Earth Engine
Sentinel 2 (ESA), od 2015
Doba obéhu 10 dnt (5 (3-4dny) dnti od 2017 — S2B)
Rozliseni (10m/20m/60m), zabér 290 km
Red-edge pasma
zdroj: ESA scihub, Amazon Web Service, Google Earth Engine

Odays 00 hours 00 minutes
Sentinel-2 constellation:
summer solstice
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Sentinel 1 - SAR

Vyuziti: interferometrie, sledovani morského ledu, monitorovani
pohybu zem. povrchu

Start: S1A 3. dubna 2014 / S1B Unor 2016

it

Sentinel 2 - Multispektralni data vysokého rozliseni

Vyuziti: sledovani vegetace, krajinného pokryvu a vyuziti uzemi,
mapovani rizikovych jeva v uzemi
Start: S2A cerven 2015 / S2B brezen 2016

Sentinel 3 - Globalni monitorovani zemského povrchu a oceanu

Vyuziti: sledovani teploty zemského povrchu i oceanu, altimetrie

Start: S3A listopad 2015 / S3B Unor 2017

Sentinel 4 - Geostacionarni druzice pro monitorovani atmosféry

Vyuziti: monitorovani slozeni atmosféry, sledovani kvality ovzdusi

Start: 2019

Sentinel 5 - Druzice na nizkém orbitu pro monitorovani atmosfery

Vyuziti: monitorovani chemickych latek v troposfére

Start: S5P unor 2016, S5A 2020+, S5B 2027




Druzicovy monitoring

S (andsat 5:1984-2013
4 \) --."‘ Landsat 7: 1999 =

Poskytovana data
Landsat (USGS)

- 0d 70. let 20 stol.
- geotiff, geom. korigované, 11 pasem VIS-NIR-SWIR-TIR (Landsat 8)
- 0d 2016 formou Collection (Levell/Level2)

2005
2010=
2015

o N o N o n o
N N~ (oo] o] o)) (o)) o
(o2} (o)) (o)} (o)) (o2} (o2} o
— — — — — — N

Sentinel-2 A/B (ESA)

Od 2015, format SAFE (xml+jpeg2000)

geom. korigované, 13 pasem (VIS-RE-NIR-SWIR)
Level-1C (ToA), Level-2A (od 2017/03 pro S2A)

* Level 1 -radiometricky korigovana data (Top-of-Atmosphere ToA), analyzy
v ramci jednotlivych snimk

* Level 2 — atmosfericky korigovana data, povrchova odrazivost (surface
reflectance/Bottom of Atmosphere-BoA), ¢asové analyzy, kombinace
snimkU z rznych senzord, maska oblacnosti
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Druzicovy monitoring

Comparison of Landsat 7 and 8 bands with Sentinel-2
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Druzicovy monitoring

Cesky Sentinel hub (Collaborative Ground Segment

https://dhrl.cesnet.cz

Collaborative Ground Segment - Czech Republic
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Prostorové rozliseni
- urcuje detailnost snimkd

- vyznamné pro hodnoceni heterogenity pozemkU o nizsi vymére, okrajové
vlivy, identifikace poskozeni porostu, hodnoceni zapleveleni...

Sentinel 2A/B
10 /20 / 60 m/pix

Landsat
30 /100 m/pix

Rapid Eye
5m / pix

Planetscope
3 m /pix

Skysat
1 m / pix

30m
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Casové rozliseni

- Doba obéhu druzice — kdy preléta znovu nad zajmovym Uzemim

- Zvysena Cetnost = vyznam pro eliminaci oblacnosti a sladéni terminu s
provadénim polnich praci

NDVI (Unor — kvéten 2018)

NDVI

Sentinel 2 A/B e MODIS /

5 dnu (3-4) Planetscope
1 den

Landsat 8

16 dna (8)

0218 0318 0318 04-18 04-18 0518
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Souhrn snimku Landsat 8
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free EO computing platform - Google Earth Engine (https://earthengine.google.com/)


https://earthengine.google.com/
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Dostupnost Sentinel 2 scén pro vybranou lokalitu (Pelhrfimov)
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Vyvoj stavu porostl - Sentinel-2 NDVI, Rosténice (Vyskov), 2017

’ -
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20170521 20170730 20170824

NDVI Over Time
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LANDSAT NINE

KSC « GSFC « EROS

—
o
o

Landsat 9 (launch 06/2021)

2015 2021

<—Phase A— <Phase B—<«—— Phase C ——> <Phase D—

AN N\ VANBERRWAN

Key Decision Key Decision Key Decision Key Decision
Point B Point C Point D Point E

TIRS-2 Instrument Development } A Ph ase E
OLI-2 Instrument Development o

Observatory
Integration
& Testing

Ground System & Operations Development

2021

g oL
TIRS/
: [+ ] [ s o |4 T

\/\

8 ?Am'l’vmmn'm(\)
- - .

900 1400 1900 2400 10000 11000 12000 13000
Wavelength (nm)
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Harmonized Landsat Sentinel-2 wsa | andsat Science

Dr. Jeff Masek, NASA

Sentinel-2 Processing Landsat-8 Processing

Sentinel-2 MSI {L1C) Landsat-8 OLI (L1T)

Y  J Y

Atmospheric Correction and Cloud Masking

Y Y Y

Geometric Resampling and Geographic registration

BRDF normalization

Band Pass Adjustment

$10 S30 L30

(MSI SR 10m) (MSI NBAR 30m) (OLI NBAR 30m)

¥ 9 @ )

Temporal compositing

S10 S30 L30 M30
Sentinel-2 MSI surface Sentinel-2 MSI Landsat-8 OLI 5-day Landsat-8 OLI or
M30 reflectance at full harmonized surface harmonized surface Sentinel-2 MSI
(10-day NBAR 30m) resolution (i.e. 10m, 20m  reflectance resampled at  reflectance resampled at harmonized surface
and 60m). 30m over the Sentinel-2 30m over the Sentinel-2 reflectance resampled at
tiling system. tiling system. 30m over the Sentinel-2

tiling system.
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ldentifikace oblacnosti Sentinel-2
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Figure 2-6 - Scene Classification
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N \\ Imaged cloud shadow
N m /
S \\\

| Real cloud shadow

Referenced cloud shadow

Fig. 7. lllustration of the shape change of cloud shadow on slope side. “Horizontal
reference plane” is the horizontal plane located at the lowest elevation of a Landsat
image (see Section 3.2.2). “Imaged cloud shadow” is the cloud shadow observed by
Landsat. “Real cloud shadow” is the cloud shadow casted on slope side in the actual
environment. “Referenced cloud shadow” is the shadow directly projected onto the
horizontal reference plane.

Qiu, S.; He, B,; Zhu, Z, Liao, Z,; Quan, X. Improving Fmask cloud and cloud shadow detection in mountainous area for Landsats 4-8
images. Remote Sensing of Environment 2017, 199, 107-119, doi:http.//dx.doi.org/10.1016/].rse.2017.07.002.
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PLANETSCOPE

RAPIDEYE

14

SKYSAT

Collection capacity

200M+ km2/day

S

6.5M km?/day

400K km?/day

N

PLANETSCOPE RAPIDEYE SKYSAT
Bands 4 (RGE, NIR) 5 (RGB, red edge, NIR) 5 (RGE, NIR, pan)
Products Color enhanced Color enhanced Visual
Visual Visual Panchromatic
Analytic Analytic Pansharpened multispectral
Analytic
Pixel Resampled 3im 5m Visual, panchromatic, pansharpened
multispectral: 0.8m
Analytic: Tm
Radiometric Rescolution Visual: 8 bit Visual: 8 bit

Analytic: 16 bit

Analytic, panchromatic, and
pansharpened multispectral: 16 bit

Positional Accuracy

<10 m RMSE

File Format

GeoTIFF
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Bark Beetles Are Decimating Forests: Satellite Data Can Help

39 Planet Pulse by Sejal Doshi/ 14d // keep unread // hide

w Q& B & o @

«

Bark beetle infestations devastated 18 million cubic meters of forest in the Czech
Republic last year, due in part to very dry summers brought on by the effects of
climate change. Historically, bark beetles have been a valuable part of nature
conservation, playing an important role in the ecosystem of conifer forests. But in
such great numbers they’ve proven to be bringers of potentially irreversible and
destructive change across the United States and Europe. In the Czech Republic
alone, bark beetle infestations have forced many landowners to cut down massive
swaths of trees and caused losses of almost 20 billion crowns ($87 million) from

SatAgro: The Startup That’s Helping to Drive Digital
Agriculture in Poland

40 Planet Pulse by Zara Khan / 22d // keep unread // hide

w Q@ & € @O @ W W

Referred to by some as Europe’s “new growth engine,” Poland has gone through
dramatic transformations in recent decades, while its economy grew by more
than 50 percent since 2007, despite the global economic crisis. In the process, it
has raised its profile as a major food supplier in Europe, with more than 60
percent of Poland’s land being farmland.

Interested in helping his home country flourish, Polish entrepreneur and remote-
sensing expert Przemystaw Zelazowski founded SatAgro: a precision agriculture
company that monitors a quarter million hectares of large scale crops in Poland.

“At SatAgro, we are excited to be taking part in the digitization of the Polish
countryside,” Zelazowski says. “We are now a significant player in Poland’s

digital agriculture industry, and are always striving to innovate.”
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Druzicovy monitoring

Jak prohlizet / ziskat / zpracovat data

1. Komercni aplikace
- Sinergise Sentinel-hub (tvorba WMS sluzeb): http://sentinel-hub.com/

- Satagro (www.satagro.pl), Cropio (www.cropio.com), MyDataPlan, Cleverfarm, ...

Bezplatné prohlizecky
EO browser (http://apps.sentinel-hub.com/eo-browser)

Landviewer (https://eos.com/landviewer)
Bezplatné cloud platformy pro zpracovani

- Google Earth Engine (https://code.earthengine.google.com/)
ucni stahovani Zpracovani dat

- QGIS - Semi-automatic Classification Plugin
- SNAP (http://step.esa.int/main/toolboxes/snap/)

5. Automatizované dotazovani/stahovani
- SentinelSat: https://github.com/cenima-ibama/sentinelsat
- Sentinel-download http://olivierhagolle.github.io/Sentinel-download/
- Sat utils https://github.com/sat-utils

6. Komercni EO cloud platformy
- DIAS (creoDias, ...)
- EODC
- VITO



http://sentinel-hub.com/
http://www.satagro.pl/
http://www.cropio.com/
http://apps.sentinel-hub.com/eo-browser
https://eos.com/landviewer
https://code.earthengine.google.com/
http://step.esa.int/main/toolboxes/snap/
https://github.com/cenima-ibama/sentinelsat
http://olivierhagolle.github.io/Sentinel-download/
https://github.com/sat-utils
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AQro )

@MAPAD POLE: LGl - & 7§ = @ X O

Satelitni vrstvy

© 31Crvc2017 ~ ©

Sensor
Landsat RapidEye
SPOT6 Sentinel2

Volba rozpéti
' ¢asového okna |

1 TABULKA vykr slenl’hodnot I sniH© | ¥lupozorNENT© | ¥ UDALOSTIO
Levy ukazatel ©& Zoom Im 3m 6m YID 1y 2y Al Ew PFO dany Pravy ukazatel ©)
Cukrova fepa = l r Q;ui-cc ‘ A e :\ 1 #ienice ozima pozemek
- 1 B4l of | i : =5 P
Vegetace (EVI1) 0.7554 e > % i{%’ I ?.( 1 l I > - ° 2 Vegetace (EVI)
Teplota = s ’, i | i o[ b | i /Ry = % Teplota
Destové srazky k. " i o' | : Destové srazky
0.25 A il 3 | 8 ‘ o
Souhrnné de3tové srazky Rl s N el "o : s 9 Souhrnné destové sraZky
- ¥ | & 4 - R
Growing degree days (GDD) ° e =20 Growing degree days (GDD)
Sep ‘14 Jan'15 May 15 Sep '15 Jan'lé May ‘16 Sep ‘16 Jan17 May 17 Sep 17

GDD na zakladé Grody GDD na zakladé Grody

; 2005 2010 2015 - i @ VOl barozpéti

* Vegetace V) — Teplota a a yzovan?ch snimkd

www.satagro.pl
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Google Earth Engine (https://code.earthengine.google.com/)

Google Earth Engine  otnice [ Q| Help - viliukas -
1_filter_S2_plot certink | save [ run [ ncoer - TG [inspector EEr gh S

Filter s 1 Filter A »Point (16.84204, 49.09128) at 19m/px %
) § var st:rt ‘ = ~Pixels g
- = var end = Sy 1 - 5
va:seeréi)li"u'(as/defau“ o 18.= = Tpc cotles tion(" COPERNTG -»I'D‘.;I: ?:\?geCcl_ec"clon (1 band, 107 images)
5 .filterDate(start, end) Mosaic: Image (1 band)

HOED 6 .select(['B4', 'B3', 'B2']); nd: 0.10103806108236313

* OStatni 7 var ndvi = ee.ImageCollection('COPERN 5 » Series: List (107 Images)

& 1_filter_L8-SR 8 .filterDate(start, end)

B 1_filter_S1 9~ -map(function (ing) { , - Objects

& 1_filter_S2_plot : if })return img. addBands(img.normalizedDifference(["88", "B4"])).select("nd") +NDVI: ImageCollection (107 elements)

&2 NDVILNDRF ]2 rlin exn

0: Imace COPERNICUS/S2/20160203T095601 201..
Y -

Two Chart Inspector ) N W ; ~ g N . g S ' Layers

Click a point on the map to inspect.
lon: 16.8420 lat: 49.0913

NDVI Over Time

NOVY
5

RGB Bands Spectrum Over Time
—B —B B
10,000

band wkie
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< 95 EO Browser &
Q search == Results ¢f Visualization

SENTINEL-2 L2A [E1C
2017-09-28

False color
Based on bands 8,4,3

up for all features
Powered by Sinergise with contributions from the European Space Agency
e 8 3 -
e N,

e -

v
d

“https:/ /;/ap;ps.sentiénel-hub.com/eo'—bfows’e,r

A : 3 &
‘ : o724 o\ N =

Q BAND COMBINATIONS

|
:' P B\ 3 S2A _tile_20170730_33UXQ_0
+ UPLOAD AREA OF INTEREST PB . P = . ERA ¥ s & 300u2017 £ 57.60° % 0.99%
~ b E v 4 - g 4 -
4 L

Color Infrared (Vegetation)
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’

Letecké hyperspektralni
snimkovani CzechGlobe

— |ITRES CASI-1500 na Cessna 208B Grand Caravan
(Czechglobe)

— pushbroom, 96 Uzcespektrdlnich pasem (367 — 1042
nm)

— geometrické/radiometrické/atmosférické korekce

— 0.4 m/ pixel

| ||
THILTTLE
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Bezpilotni pruzkum

' The Trinity has the potential to
blow any conventional fixed-wing

UAV out of the market. !

Christopher Clark, Rocketmine

90 min. )
flighttime z |

ADSB

out
optional

Sony RXTR I

Full-frame 42 MP
camera

» Orthophoto & DEM
* point clouds & 3D models
* 1.29cm/px @ 100m altitude

NS

High power

motors

Flexible
landing gear

payload

selection

Sony UMC-R10C

APS-C 20.1 MP camera

o Orthophoto & DEM
® point clouds & 3D models
® 2.66cm/px @ 100m altitude

RedEdge-MX

5 spectral band sensor

* RGB data with 6.94cm/px
@100m altitude

» multispectral data for
vegetation analysis

» 1 flight => orthophoto (5bands)
& DEM & point cloud

¢ various indices for plant stress

and health analysis

=&

MicaSense Altum

5 spectral bands &

thermal infrared sensor

* RGB data with 4.31cm/px
@100m altitude

* multispectral data + thermal
layer for enhanced analysis

* 1 flight => orthophoto (6bands)
& DEM & point cloud

* various indices for plant stress

and health analysis

SKYMAPS

ACRIMATICS
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Absorption of the light
by the plant crop

Se Bezpilotni priizkum
Micasense Altum )
 Kombinovany multispektralni sensor /)
*  VIS-NIR-thermal o
— B, G, R, RE, NIR, TIR
e 2064 x 1544 (3.2 MP per EO band), TIR 160 x -
120
e 1 capture per second (all bands), 12-bit RAW 4
* Senzor prichozi radiace DSL2
e Altum + DLS 2: 406.5 g (14.34 0z)

Altum Sensor Kit

$9,950.00

Blu= Qreen Red Red Edge Mear-infrared Infrared / Tharmal

Visible Light Non-Visible Light i
L U )
| I | | | | | Vi

| | | | | | |
[ [ [ \ [ [ [ [ [ [ [ [ [ |
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_ DATA
Varccon

Vyznam zohlednéni rozdilnych svételnych podminek pri porizovani dat (Cidlo intenzity zareni u senzoru MULTISPEC 4C)

pasy vzniklé rozdilnymi svételnymi podminkami pfi priletu

pSenice ozima
71 ha
17.3.2016

0 75 150 300 0 75 150 300 450 600

m

Ortomozaika bez radiometrickych korekci jednotlivych snimku Ortomozaika s radiometrickymi korekcemi
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Bezpilotni prizkum

Vysoka detailnost snimk( umoznuje identifikovat provedené péstitelské operace
— v tomto pripadé jednotlivé zabéry seciho stroje pri objezdu prekazky...
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18-04-24_NDVI REL [%]

180421_S2_NDVI_REL

- High : 120 %

) w53 %

ZD Kojcice (Pelhfimov) — pozemek cca 20 ha SKYMAPS
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« Prepare machinery

« Apply fertiliser, manure
« Apply herbicide

«Till, prepare seedbed

« Plant seed

« Apply herbicide

« Apply fertiliser

« Apply fungicide

« Apply insecticide
«[rrigation management

TYPICAL CROP

SCOUTING
WORKFLOW

« Harvest crop

»Manage & till residue

« Apply fertiliser, manure
« Land improvements

Winter

+ Machinery purchases
«Input purchases
« Insurance purchase/claims

« Early analysis of soils, tillage, tile
and drainage

« Stand count and gap analysis
« Irrigation management
« Observation of growth variability

« Assess and observe nitrogen
needs

« Crop stage monitoring for timing
of applications

« Pre-harvest: dry down and stand
consistency observation

« Post-harvest: analysis of soils,
tillage and topography

« Assessment of input and
machinery performance

Q Year-round

« Post-rain: tile drainage system
analysis

« Post-storm: determine

wind/hail/flood damage

« Post-event: insurance claim
documentation

(©) senseFly Ltd
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Longftude: 8.91918821
Latitude: 48.77802255

Lengitude: 8.919190238
@ Latitude: 48.77802326

Day i1 Ceyi? Owyr b

7
29.08.2015
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Vvuziti dat DPZ pro navrh péstebnich operaci

* Prabéiny monitoring

— Hodnoceni aktualniho stavu porostu = jednotlivé scény

— Hodnoceni vyvoje porostli = rozdil mezi terminy

* Analyza strednédobych trendu
— Analyza historickych dat

— Vymezeni produkcnich zon, které mohou slouzit jako alternativa
vynosovym mapam (= definuje vynosové hladiny)

Pozadavky na kvalitu dat:
— Atmosférické korekce (povrchova odrazivost) — nezbytné pro porovnavani v ¢ase
— Identifikace oblacnosti — vymaskovani oblacnosti a stint v ploSe zajmového Uzemi
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21/03/2013 14/04/2013  11/05/201 23/05/2013  01/06/2013  12/06/2013 24/06/2013

Stem elongation  Flag leaf Heading Full flowering Grain filling Ripening E:::Z";"c‘)gu .
s \ Earlyough 8
0.8 NDVI: 0.84 NDVI: 0.86 ‘ NDVI: 0.81
| 4
= 3 | NDVI: 0.6
WHEAT :
0.6 >
- A
= o NDVI: 0.52 g 4"
P €Y
0.4 A 37'§§‘/.,! I
". B Y -
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Sowing Stem elongation Flag leaf Heading I Physiological maturit

Emergence Grain filling Senescence
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Studie - hodnoceni stavu porostti

[ Landsat 8 (30/pix)

q—
—
<
lokalita Otnice
(Slavkov u Brna)
pSenice ozima (68 ha)
ézech I NDVI gg.t.azou)
Globe CASI_REI —
I - i —
w#e - 0.934338 "'?" Low (04
e B ) 10595 s20m W vea 200 2%
0 5010 200 00 wg‘ [ ]
T eBee (15cm/pix) " Sentinel 2A (10 m/pix)
2 : P - - v
LM
(o
—
o
N

d)

Lukas, V., Neudert, L., Novak, J., Sirtiéek, P., Krama¥, M., Rodriguez Moreno, F., Zemek, F., 2016. VyuZiti dalkového priizkumu pro hodnoceni stavu porostii zemédélskych plodin. Uroda 64, 67-73.
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2014 s ey & 2016
(BBCH 32) =, el m (BBCH 34)

0.807 0.771 0.683 0.786

0.843 0.830 0.728 0.841

0.882
UAV eBee (22.4.2014)
NDVI 0.355
c\'D)IB 0.495 0.754 0.758 0.709
0.369 0.654 0.693 0.610

0.814 0.716  0.850

UAV eBee MULTISPECAC (6.5.2016)

NDVI 0.069 0.563 0.453 0.460

c\nEs 0.173 0.647 0499 0.558

SRI 0.034 0543 0.442 0.431
l {3 0.310
Sentinel 2 (6.5.2016)

NDVI 0.018 0.699 0.613 0.580

Lokalita Otnice, pSenice 0zima 69 ha, 20 kontrolnich bod( s odbéry rostlinného materialu

0.646 0.688  0.598

0.796  0.660 0.785

Landsat 8 (18.4. 2014)
NDVI 0.563 0.584 0.564 0.592
)\ 0.437 0.478 0.456 0.485
0.585 0.596 0.574 0.612



Mendelova
univerzita
v Brné

Leteckeé hyperspektralni snimkovani.

Eley, Slope Cury. TWI REIP NDVI SRI  SIPI  VREL 06
N (SB) 0.417  0.096 0727 -0.547 -0.737 -0.689 -0.515 0.715 -0.587 05
%‘g’fmﬁ 0.845 -0496 -0366 0713 0311 0851 0894 -0.606 004 04
Yield(SB) 0216  0.096 -0.205 0.173 -0.273 -0.185 -0.154 -0.141 -0.236 o
N (WW) -0.088 -0255 -0611 0314 -0305 0531 0568 -0.171 0516 02
Biomass 0042 306 .0332 0440 0063 0560 0559 0.130  0.652 >
( h ""' ) 0,0

TWI — Topographic Wetness Index, REIP — Red Edge Inflection Point, NDVI — Normalized 8588530
Difference Vegetation Index, SRI — Simple Ratio Index, SIPI - Structure insensitive pigment index,

140

0.0568x Nitrogen concentration estimated from the
120 y = 34.653e" - Structure Insensitive Pigment Index
R2=0.8267 ® . @

100 Biomass estimated from the
‘.-' Simple Ratio Index

[o]
o

Biomass dry [g . 0.25m2]
[*2]
(=]

L
X 2
40 b Biomass Nitrogen concentration
- 122.49 512
20 - Grams per 1/4 square meter . %
0 - 31.31 3.19
0.00 10.00 20.00

Simple Ratio Index

6.00
5.00 e o
4.00 o et
) '“.._ ...... PS
[

y = 30.485x - 25.775
1.00 R?=0.5113

0 100 200 401
0.00 — Meters

0.95 0.97 0.99 1.01 . v . ’
Structure insensitive pigment index (SIPI) J ecmen J arni

Nitrogen concentration [%]
w
o
o
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Table 2 Correlation matrix of Spearman correlation coefficient (r)

Vegetation index

Date

M EVI | EVI2 | GNDVI | NDMI | NDRE | NDVI | NRERI | REIP | RENDVI | S2REP | SRI
11 IRMI| 0.79| 0.82 0.80 0.77 0.75 0.79 0.51| 0.23 0.42 0.23| 0.79
April | IBI 0.85| 0.79 0.84 0.76 0.83 0.85 0.53] 0.31 0.44 0.31| 0.85
18 IRMI| 0.80| 0.74 0.78 0.81 0.75 0.80 0.72| 048 0.69 0.48 | 0.80
April | IBI 0.81| 0.67 0.76 0.76 0.79 0.81 0.67| 048 0.64 0.48| 0.81
71 IRMI| 0.85| 0.84 0.86 0.83 0.81 0.85 0.79| 0.64 0.76 0.64| 0.85
Apri] |IBI 0.84| 0.81 0.83 0.79 0.82 0.84 0.73| 0.60 0.70 0.60| 0.84
78 IRMI| 0.70| 0.76 0.72 0.84 0.76 0.70 0.81| 0.77 0.81 0.77| 0.70
Apri] |IBI 0.72| 0.74 0.69 0.78 0.71 0.72 0.73| 0.64 0.72 0.64| 0.72




Multispektralni vs. hyperspektralni DPZ

Saturacni efekt sirokopasmového NDVI

0.9 . : . : : : 400
NDVI 250
0.8t
300
c =
S 07} 3
= 250 3
m) 1
< 2
£ 06 J200 5
[} . ~
@ biomasa !
o 150 iy
(ID 0'5 [ v . . 7 %
» pSenice ozima =
100
0.4 |
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0.3 : : : : : : 0

27 33 39 57 69 83
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0.90

0.88 |

0.86

0.84 |

GNDVI

0.82

i “e_Field "Kazy"
“u_Field: "Vrchy"

0.78

Kazy+Vrchy y =0.7701 + 0.0005*x; r=0.7706; p = 0.0000; r* = 0.5939

0.76 M M N " " " N M L
60 80 100 120 140 160 180 200 220 240 260

Nupt [kg N . ha-1]

UAV monitoring — identifikace vyzivného stavu (KojCice, psenice ozima, BBCH 51, 2018)
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NDVI_170518

- High : 0.911126

—_— Low : 0.225302

518T095031_N0205_R079_T33UXQ_20170518T095032_|

je€men jarni
78 ha

Aplikace regulatoru ristu
(2017)

0 50 100 200 - T
— — je€men jarni davka
78 ha [ nizka
|:| stredni
- vysoka

0 50 100 200
m



Zakaz plosného pouzivani glyfosatu se zmirni

Ministerstvo zemédélstvi zverejnilo nova pravidla pro pouZivani Géinné latky glyfosat, ktera zakazou
predsklizhovou aplikaci vSech prfipravki s glyfosatem na plodiny potencid@lné uréené pro
potravinarské Gcely, tedy na obiloviny a Fepku. Omezeni zaénou platit ode dne obnoveni povoleni

‘ 2 ‘ 7 ' —— R \a trhu
. \f:i/ /
r/
418 <

M High: 099

N |
Low : -0.99

Repka oz.

S2_20170630_NDVI
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Predikce padnich vlastnosti z DPZ cos=| Vyzkumny ustav melioraci
a ochrany pudy, v.v.i.

Predikce organického uhliku na holych pidach

z leteckého hyperspektralniho s £ oo
8 3
@ o
?.; i
i gv.;
] ]
3 B
& 2w
05 1.0 15 2.0 25 20 & £0
Pozorované SOC [%4) Pozorované Pisek [%]
(b)
g, 5
< 23
§
g 5
9 [N
L 1

Pozorované Jil [%)

(d)

H 3 8
= - b o
: . : ¢
H g H
s 3 3
& a &

4 /
o/ e o 9
Pezorované Fe ox [%] Pozarované Fed [%]

(e) U] (@)

Obrazek 10: Porovnani predikovangch a sledovangch hodnot ve validacnfm souboru dat:

: (a) organicky uhlik; (b) pisek; (c) prach; (d) jil; (e) Fe,,; (f) Fe,; (g) CaCO,. Barvy bodd iden-

4 ’ .o tifikuji lokalitu: (Cervenad) Pfestavlky; (tmavé modra) Sardice; (svétle modra) Nova Ves;
: " (zelena) Ji¢in

Pazcrovane GaGo; [%)]

Zpracoval: Zizala a kol. (VUMOP)

Zizala, D.; Krasa, J.; B4¢ova, M.; Zelenkov, K; Laburda, T.; Novotny, I. Monitoring erozniho poskozeni ptid v CR nastroji dalkového prizkumu Zemé. Vyzkumny
Ustav melioraci a ochrany pldy, v.v.i.: Praha, 2016; p 156.
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Bezpilotni prizkum

Bezpilotni monitoring Poskozeni fepky hlodavci
(Rosténice, 81 ha)
zari 2016

- celoplosné mapovani
- operativni nasazeni
- vysoke rozliseni

DATA
Var-ccon

R
sensefly
<ebee

eBee
The professional mapping drone

photos that you can transform ino sccurate orthomesaics & 3D
models

®©ee
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Bezpilotni prizkum

Bezpilotni monitoring poskozeni porostu

81 ha (zaF 2016)

DATA identifikace poskozenych mist analyzou obrazu
" PROCON (poskozeno cca 25% vymeéry pozemku)
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O Patch spraying

S Ity @ Conventional
T g-mmmmmmmmm e

ite(l/ha)

onsumption ra

bl

Herbicide ¢

Type of herbicide application

Fig. 8 - A comparison between herbicide consumption
rates of the conventional and patch spraying treatments.

Loghavi, M., Behzadi Mackvandi, B. Development of a target oriented weed control system. Computers and Electronics in Agriculture (2008)
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~ vy v v
A

Tr i a I n o . 1 " G a b é i k o v o www.SkyMaps.cz +421910479 710 info@skymaps.cz
S!(YMAPS

AGRIMATICS

LEGEND

B Rate 0 I/ha
I Rate 150 I/ha

Info about trial SK(__ - . _\.J'}"
gt s

r 32 ha corn/soya field, Cirsium arvense spots

‘r Sprayer John Deere, 3m section control, 24m boom

r Two pass full rate/ one pass untreated/spot application

= Roundup FLEX 2,0 I/ha (max. rate in SK)

r Seed bed tillage
r Application 24 April, Planting 28 April
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Vyuziti dat DPZ pro navrh péstebnich operaci

* Prabéiny monitoring
— Hodnoceni aktualniho stavu porostu = jednotlivé scény
— Hodnoceni vyvoje porostli = rozdil mezi terminy

* Analyza strednédobych trendu
— Analyza historickych dat

— Vymezeni produkcnich zon, které mohou slouzit jako alternativa
vynosovym mapam (= definuje vynosové hladiny)

Pozadavky na kvalitu dat:
— Atmosférické korekce (povrchova odrazivost) — nezbytné pro porovnavani v ¢ase
— Identifikace oblacnosti — vymaskovani oblacnosti a stint v ploSe zajmového Uzemi
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Ceska republika

Je€men jarni Stahnout mapy Detailni popis
Predpovéd vynosi 2018 Plodiny
» »
» o A’ ; S
4 eémen jarni
~ x & ]
»
i g L
[ < P3enice ozima
Spolehlivost predpovédi Odchylka od primérného Odchylka od primérného
vynosu za minuly rok vynosu za posledni 3 roky Repka ozima

vynos [t/ha]
o 25 35 4 45 5 55 Obdobi
— data nejsou k dispozici
2017
o 208

Mendelova

univerzita
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V

nOsSoOvVé map

Monitor | GreenStar 3 Monitor
Year | 2017
Physical Field | 7401/8
Operation | Grain Harvest
Physical Area Avg. | Est. Weight| Est. Yield GPS | Marks | Date cal GPS
Product Moisture (Wet) Mass (Dry) | Count | Count | Logged File File
pokus 39.05 ha 11.74 % | 165.80 tonne | 4.246 tonne/ha| 31616 ] 11.7.2017 EIC 14.7.2017

Distance .

Duration . 42-4Etha
Elevation . 39-41ths
Flow Wheat (Euro Feed) . 25380

Rl 3
Heading
Mass Yield . 31-34tha
Moisture . 0.0-3.0tha

Transparency
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Vynosové mapy

Korekce zdznamU vynosovych dat ze 2 gklizegich mlatic¢ek

Pred korekci Po korekci

nnnnnnnnnn

Pavodni vynos

ValueH h : 7,65408 . | -
p— igh : 7,654 Ct 5
1 '.,Abmes.nnm (R

Sources: Esri, HERE. DeLorme. Intermap, increment P Corp., GEBCO, USGS.
CAN. GeoBase, IGN, Kadaster NL. Ordnance Survey, Esri Japan,
) 8.0 Oy

M Low : 1.43961
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Vynosové mapy

Yield level (%)

<65 90 110 130 170

Produkcni zény
(Landsat, 2010-2017)
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0.6

0.5

0.4

0.3

0.2

0.1

-0.1

-0.2

-0.3

Produkcni zony

/| - jeémen jarni
s E\/] - kukufice
e EV/| - pE&nice 0zima

e EV| - Soia

Priklad korelace vynosu plodin s indexem EVI ze Sentinel 2 (Rosténice, 2017)
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relativni vynos z vynosové mapy (2018) Produkéni zony z DPZ (2011-2018)
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Projekt SmartFarm (2019-2022)

,Vyzkum a vyvoj technologii smart farming pro malé a stredni
zemedelské podniky“

Mendelova . T h . k K
univerzita W - lechnicka
v Brné N4 fakulta

Cil: - navrhnout postupy mapovani nevyrovnanosti pozemku

- zahrnuje zpracovani dat s vyuzitim volné dostupnych reseni
(faremnich zaznamy, open data, QGIS)

- tvorba podkladl pro variabilné provadéné péstebni zasahy
(aplikace hnojiv, seti)

Pilotni farmy:
- Pavel Obdrzalek (MENDELU)
- AG Skofrenice (CZU)
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% pifate ~ / 3 Z in
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5
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.filterDate(start, end)
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http://uak.af.mendelu.cz/cz/metodiky

Precizni zemédélstvi

Technologie a metody
v rostlinné produkci

Lukas V. a kol.

Q‘ Globe co=

nitoring of
nietcorological W TR Yy W
dynamics n m ——

ChytreZemedelstvi

@chytrezemedelstvi

Hlavni stranka

Udalosti

BA |eneds jo Suiddey

v

Hodnoceni i Tosemilibi = 3\ Sledujiv = A Sdilet - + Pridat tlagitko



Vytvorte si vlastni aplikacni mapu

Mendelova

tné‘;ggzit.ﬁ‘.. Vojtéch Lukas, Karel Charvat jr. F% SP UJEKT




Variabilni aplikace hnojiv (VRA)

predstavuje klicovou ¢ast lokalné cileného hospodareni (precizniho
zemedeélstvi), ktera umoznuje prostorove diferencovat davky hnojiv s
ohledem na stanovenou variabilitu pozemk0 (ptdy, porosta).

Cilem je zefektivnéni vyuzivani materidlovych vstupl a zvyseni kvality
produkce pri dodrzovani environmentalnich omezeni.

Dévka K (kg.ha-1)
Mo

[ 100

B2

Mlo0- 109
W 0-143
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Zasobenost fosforu v ptidé

pridmérnd hodnota za cely pozemek
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Soucasny
pristup

Uniformni
obhospodarovani

Zahrnuje

&

Pracny a slozity
odbér vzorku pudy
a rostlin

Prechodny
pristup

Zonove

obhospodarovani

Zahrnuje

4

Nahodné rozmisténi
vzorkovani v zoné

Zvyseni znalosti pro rozhodovani a provadeéeni opatreni

Lokalne cilené
obhospodarovani

Presna (husta) sit’
vzorkovani
nebo meéreni

Conceptual framework for the progress in experimentation and management of spatial variability
Brett Whelan, Australian Centre for Precision Agriculture (2006)
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Historie uzivani
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Mapovani vynosl

Var. aplikace hnojiv
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Analyza dlouhodobych trendu

- Identifikace vynosovych hladin

- ldentifikace rizikovych oblasti (vyplavovani N,
poléhani, zapleveleni,...)

Hodnoceni aktualniho stavu
- diagnostika stavu porostu (vyziva, zdravotni stav)
- hodnoceni plGdnich vlastnosti

= PLAN

= KOREKCE



Mapy vynosovych hladin / produkénich zén

* vymezeni produkénich jednotek v ramci jednotlivych pozemk
= definovani oblasti se shodnou ocekavanou vynosovou urovni

* podklad pro vytvoreni management zon pro lokalné cilené
péstebni zasahy, pro které je vyznamna informace o
ocekavaném vynose plodin

L S - . 4
f l|.’ ‘ ’ -~
/I |




7

Z6ny klasifikované po 5 %

- procentualni odchylka od
pridmérného vynosu

5-z6nova mapa
. 1 nejnizsi
2 s

3 stredni

vysSi

o

nejvyssi

A




Kombinace vstupnich dat pro lokalné cilenou agrotechniku

Var. aplikace hnojiv Aplikace POR

« Zakladni hnojeni (P, K, Mg, Ca)
— produkéni zény + mapovani agrochemickych vlastnosti ptdy
* Hnojeni statkovymi hnojivy
— produkcni zény + obsah org.hmoty v pudé
» Variabilni pfihnojeni porostd N hnojivy (online / offline)
— produkcni zény + diagnostika aktualniho stavu porostti
* Variabilni seti
— produkc¢ni zény + mapovani ptdnich podminek
e Variabilni aplikace POR (fungicidy, regulace rtstu, desikace, herbicidy)
— aktudlni stav porostu + produkcni zony
 Management pozemkdu (rajonizace pro greening, DZES 7, ...)



. Variabilni-aplikace - zakladni hnojeni

I
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Navrh postupu tvorby aplikacnich map

’ . . ’ . s s . ’ . Mendelova
Navrh postupu varl:abllpl apllkace zas:(.)t’)nlho hnf)j?nl (prOJektc, universiae @ CGzechGlobe ...E
NAZV QJ1610289 "Optimalizace vyuziti produkéniho potencialu o®
pady lokalné cilenou agrotechnikou,,)
Zohlednéni rozlozeni vynosovych Urovni na pozemcich
|
DPZ |
|
DEM I
o 5 |
Padni stratifikace P rostorove klasifikace [ normativ ] 1
senzory interpolace I

Senzorové Cilené Laboratorni Aplikacni

0, ., ) zasobenost
mapovani vzorkovani analyz

|
1 . , N
I Spektrometrie vzorkd / mobilni laboratory

T S SN D BN BN SN BN BN EEN BN BN BN BN BN BN BN BN B B

pGdni org. hmota (Cox), zrnitost

>

Spektralni / geofyzikalni vlastnosti pady

[

puadni org. hmota (Cox), zrnitost

Zpresnéni prostorovych interpolaci

U —
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Tvorba aplikacnich map — zasobni hnojeni

W
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[ R
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s
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By 9
By 100
I 105
[ YRR
s
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[ YRES
| REY
| RES
R

: e vyhovuijici
) o 5 [ RES _
Vynosova uroven vysoka

(vyn. mapy 2004-2009)

Yield level (%)

<65 90 110 130 170

Produkéni zony |
(Landsat, 2010-2017)

Zasobenost fosforu v ptdé
(52 ha, Prisnotice, 2004)
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Ocekavany .
pramérny vynos Sl é
produkce o
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- . L 1
[ Bilance Zivin §
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Aplikaéni mapa
Ziviny

Schéma obecného postupu zpracovdni aplikacnich map zdsobniho hnojeni v GIS prostredi




Obr. 20:

hnojent,

9000
8000
7000
6000
kg 5000
4000
3000
2000
1000

Celkove mnozstvi K potirebné pro hnojent pozemkit pri jednotlivych variantdach
uvedeno v kg cistych Zivin

Porovnani uniformni a variabilni aplikace zakladniho hnojeni

VRA-BK10
VRY-M3
mVRY-BK10

i ' w UNI-M3
I '! m UNI-BK10
i l mVRA-M3
| |

-4

—

0 -
> Q &> © ) > o N N
& & o § VA R -
LA o 4o
F &
Q Aplikace
UNI-M3 Uniformni Mehlich3 Pramér
UNI-BK10 Uniformni Bil.koef. 10% Priimeér
VRA-M3 Variabilni Mehlich3 Priimér
Paulova N. Diplomova prace MENDELU (2018) VRA-BK10  Variabilni Bilkoef, 10%  Pramér
VRY-M3 Variabilni Mehlich3 Vyn.zény
VRY-BK10 Variabilni Bil.koef. 10% Vyn.zény




Variabilni aplikace N hnojiv




Online senzorové systémy
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Online senzorové systémy

Yara N-sensor Trimble Greenseeker

Topcon CropSpec Agleader OptRx a dalsi senzory

Rozdily: aktivni/pasivni; veg. indexy; ISOBUS; podkladové mapy; umisténi na traktor/aplikator;...



Online senzorové systémy

Online + mapovy podklad (map overlay)

e Spektralni méreni porostu
= aktualni stav porostu

* Mapovy podklad s korekci aplikace

= na jakou uroven hnojit

d

70% Ertragspotential
aus Karte

63 dt/ha als
korrigierter Ertrag

Beispielrechnung Map Overtay
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ISARIA - testovani Zdounky

50000 50000

= v1_KONTR mv2_1POINT mv3_ABSOL Kﬁ/ha 0}- -531,' +62 1,'

45000
40000
35000
30000
25000
20000

v1_KONTR v2_1POINT v3_ABSOL

48000

2015

46000

44000
42000
40000
38000
36000
80 85 90 95 100 105 110 115 120

Vynosova zona (%)

Trzby - ndklady na N [kg.ha-1]

Triby - ndklady na N (Ké.ha-1)

RozloZeni vynosu dle zén

EDO

Planovany vynos = 8,5 t/ha 20 1 6

Dosazeny vynos = 9,3 t/ha

0 -420 -715 413 225

10.00
BOO
— — - — - — o
8.00 .
; 200
6. o -
v1_KONTR vi_1B+MAP v5_MARA
5200
4.
¥ -400
2. =600
-ED0
= 72 ha
70 76 82 88 94 100 106 11. 118 124 130

2

8

V{nos (tha-1)

8

zisk wici kontrole (KE.ha-1)

8

®Vyjnos plénovany M Vynos dosazeny



Mendelova
univerzita

v Brné

- - =
- / f
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: Zones with VRA NF =
e different doses of N

r
----- ! Control strip = flate

IL rate N application :
Yield_REL (%)
R
EP P
10 +
A
[ A,B
9 - B |
B 1
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0
Elbl, J. et al. A.Evaluation of flat and UNI Zone 1 Zone 2 Zone 3
variable rate nitrogen application ) ) ) ) )
effect on winter wheat yield on the Figure 4: Grain yield from wheat for experimental plot in 2018.

basis of yield maps. SGEM 2019



Dékuji za pozornost

Mendelova Vojtéch Lukas
univerzita Ustav agrosystéma a bioklimatologie
v Brné Agronomicka fakulta

Mendelova univerzita v Brné
vojtech.lukas@mendelu.cz

Prezentace obsahuje vysledky feseni vyzkumnych projekt(
NAZV QK1810233, TACR TH02030133 a TH04010494

2017-03-02

SENTINEL




