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Dalkovy prizkum Zemé (DPZ)

* Distancni metody sledovani objektl
bez prfimého kontaktu s nimi
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Celoplosna diagnostika stavu rostlin

* alternativa k tradi¢ni agrobiologické kontrole porostu

« ziskani podkladovych informaci pro fizeni procesi tvorby vynosti polnich
plodin a optimalizaci vyuzivani produkcéniho potencialu plidy

Vyuziti pro:

diference v zapojeni porostu - inventarizace porostu, podklad pro VRA
hodnoceni vyzivného stavu — variabilni aplikace hnojiv
identifikace mist s projevy stresovych stavl — variabilni aplikace POR

mapovani zapleveleni porostu — cilena regulace zapleveleni
(chemicka/nechemicka)

zralost porostu — organizace sklizni
polehnuti — dokumentace stavu
predikce vynosu plodin — bilance Zivin, hodnoceni produkce
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Vyuziti dat DPZ pro navrh péstebnich operaci

* PribéZny monitoring (diagnostika stavu rostlin)
— Hodnoceni aktualniho stavu porostl = jednotlivé scény
— Hodnoceni vyvoje porostli = rozdil mezi terminy

e Analyza stfrednédobych 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 case
— Identifikace oblacnosti — maskovani obla¢nosti a stin( v ploSe zajmového Uzemi
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Spektralni projevy rostlin

Pribéh odrazivosti Ize rozdélit do 3 oblasti:

* oblast pigmentové absorpce (A) 400-700 nm = viditelné svétlo (VIS -RGB)

* oblast bunécné struktury (B) 700 - 1300 nm= blizce infracervena oblast (NIR)

* oblast vodni absorpce (C) 1300 — 2500 nm = kratkovInné infracervené zareni (SWIR)
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Difference in reflectance of winter

wheat (BBCH 39) at three levels of
N application (Zab¢ice 2014)
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Zmény spektralni kiivky vegetace v prlibéhu rdstu a starnuti rostlin (Lilienthal, 2003, upraveno)
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Vegetacni indexy

Narrowband and broadband indices, proposed in relevant literature, that are tested in the present study. Indices are sorted according to their original design and expected function.

Index

Formulation

Reference

Broadband Greenness

EVI (Enhanced Vegetation Index)

Green NDVI (green Normalized Difference Vegetation Index)
NDVI (Normalized Difference Vegetation Index)

SR (Simple Ratio)

Narrowband Greenness
CARI (Chlorophyll Absorption Ratio Index)

Gl (Greenness Index)
GVI

mCAl (modified Chlorophyll Absorptions Integral)

mCAI2 (modified Chlorophyll Absorptions Integral)

MCARI (Modified Chlorophyll Absorption Ratio Index)
MCARI2 (Modified Chlorophyll Absorption Ratio Index)
mNDVI (Modified Normalized Difference Vegetation Index)
mNDVI2 (Modified Normalized Difference Vegetation Index )

MSAVI (Improved Soil Adjusted Vegetation Index)
mSR (Modified Simple Ratio)

mSR2 (Modified Simple Ratio)

MTCI (MERIS Terrestrial Chlorophyll index)

mTVI (modified Triangular Vegetation Index)
NDVI (Normalized Difference Vegetation Index)
NDVI2 (Normalized Difference Vegetation Index)
OSAVI (Optimized Soil-Adjusted Vegetation Index)
RDVI ( Renormalized Difference Vegetation Index)
REP (Red-Edge Position)

SIPI (Structure Insensitive Pigment Index)

SIPI2

SPVI (Spectral polygon vegetation index)

SR (Simple Ratio)

SR1,SR2, SR3

SR4

TCARI (Transformed Chlorophyll Absorption Ratio Index)
TSAVI (Transformed Soil-Adjusted Vegetation Index)
TVI ( Triangular Vegetation Index)

VOG (Vogelmann Indices)

VOG2

Stagakis et al. (2010)

B ]

- +

Roir + 6Rpg =7 5o + 1
(Rnir — Rareen )/( Rasr + Rareen)
(Rnir — Rrea)/(Rnir +Rreq)
Ruir/Rrea

R0 |a670 + Rezo + b R
a4 = &mrm-ﬂ,b=R —a550
Reno(a® + 1)° =0
Rssa/Rs77
(Rss2 —Rss3)/(Res2 + Rss3)
R752
A —f f, A = area of the trapeze between Rys2 and Rssz, f = reflectance curve
K552

R735
A —f f, A = area of the trapeze between Ry3s and Rgon, f = reflectance curve
RG00

[(R700— Rs70) — 0.2(Ry00 — Rsso)|(Roo/Re7o)
1.2]2.5(Rs00 — Re70) — 1.3(Reoo — Rsso)|

(Rsoo —Reso)/ (Reoo + Reso — 2Raas)

(R7s0 —R705)/ (R750 + R705 — 2R445)

05[2Rwo + 1—/(2Rao + 1> ~8(Rem—Re70)]
(Rsoo —Raas)/(Reso — Raas)

(R750 — Raas)/(R70s — Raas)

(R754 —R700)/(R70s — Res)

1.2[1.2(Rso0 — Rss0) — 2.5(Rs70 — Rs s0)]

(Rsoo —Re70)/ (Raoo + Rero)

(Rs50 — R705)/(R3s0 + Ra05)

1.16(Rgoo — Rs70)/(Reoo +Re70 +0.16)
(Rsoo—Rs70) / +/Rsoo + Re7o)

700 + 40 (Rew + er].':: —Rma

(Rsoo —Raso)/(Rsoo — Reso)

(Rsoo — Ras0)/(Rsoo — Reso)

0.43.7(Rgoo — Rs70) — 1.2|Rs30 — Rezo|]
Raoo/Reso

R7s0/R700 R7s2/Rsso  Reso/Rsso

Rer2/Rss0

3[(R700 — Re70) —0.2(R700 — Rss0) (R700/Re70) |
a(Rs7s —aReso— b)/[Reso+ a(Rs75 — b) + 0.08(1+ CIZJ], a= 1062, b=0.022
0.5[120( Ry50 — Rss0) — 200( Rs70 — Rss0)]
R7a0/R720

(R734—R747)/(R715 + R726)

Huete et al. (1997)
Gitelson et al. (1996)
Tucker (1979)
Jordan (1969)

Kim et al. (1994)

Zarco-Tejada et al. (2005)
Gandia et al. (2004)

Oppelt and Mauser (2001)

Oppelt and Mauser (2001)

Daughtry et al. (2000)

Haboudane et al. (2004)
Sims and Gamon (2002)
Sims and Gamon (2002)

Qietal. (1994)

Sims and Gamon (2002)
Sims and Gamon (2002)
Dash and Curran (2004)
Haboudane et al. (2004)
Tucker (1979)

Gitelson and Merzlyak (1994)
Rondeaux et al. (1996)
Roujean and Breon (1995)
Guyot et al. (1988)
Pefiuelas et al. (1995)
Pefiuelas et al. (1995)
Vingini et al. (2006)
Jordan (1969)

Gitelson and Merzlyak (1997)
Datt (1998)

Haboudane et al. (2002)
Rondeaux et al. (1996)
Broge and Leblanc (2001)
Vogelmann et al. (1993)
Zarco-Tejada et al. (2001)
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Leaf pigment (Carotenoids, Anthocyanins)
ARI (Anthocyanin Reflectance Index)

BGI (Blue Green Pigment Index)

BRI (Blue Red Pigment Index)

CRI (Carotencid Reflectance Index)

CRI2

Red/Green

RGI (Red/Green)

Stress

Q (Curvature Index)

DI (Derivative Index)

DPR2

DREP (Derivative on the Red-Edge Position)
LIC

NPCI (Normalized Pigment Chlorophyll index)

NPQI (Normalized Phaeophytinization Index)
PRI (Photochemical Reflectance Index)

PRI2

PSRI (Plant Senescence Reflectance Index)
SR5, SR6

SRPI (Simple Ratio Pigment Index)

Water
fWBI (floating Water Band Index)
WI (Water Index)

(1/Rss0) — (1/R700)
Raso/Rsso
Raso/Rsso
(1/Rs10) — (1/Rss0)
(1/Rs10) — (1/R700)
RireafRareen
Rian/Rss0

Re75Rs00/Réss

D730/D706

Dgee/Di2s

Dew

Ra40/Rs00

(Rego— Razo)/ (Rsso + Razo)
(Ra15 —Ra3s)/(Rars + Rass)
(Rsa1 —Rs70)/(Rsz1 + Rs7o)
(Rs70—Rs30)/(Rs70 + Rsag)
(Rszo—Rso0)/Rso
Reoo/Ress  Reas/Rsss
Raa0/Rsso

Rooo/min Ryzo_oso
Rooo/Razo

Citelson et al. (2001)
Zarco-Tejada et al. (2005)
Zarco-Tejada et al. (2005)
Gitelson et al. (2002)
CGitelson et al. (2002)
Gamon and Surfus (1999)
Zarco-Tejada et al. (2005)

Zarco-Tejada et al. (2003)
Zarco-Tejada et al. (2003)
Zarco-Tejada et al. (2003)
Horler et al. (1983)
Lichtenthaler et al. (1996)
Pefiuelas et al. (1994)
Barnes et al. (1992)
Gamon et al. (1997)
Filella et al. (1996)
Merzlyak et al. (1999)
Zarco-Tejada et al. (2003)
Pefivelas et al. (1995)

Pefiuelas et al. (1993)
Pefiuelas et al. (1993)

R, stands for reflectance at wavelength x nm.

D, stands for the derivative of the reflectance spectrum at wavelength x nm.

red: 620-670 nm, nir: 840-880 nm, blue: 460-480 nm, green: 545-565 nm; according to MODIS spectral bands.

Stagakis et al. (2010)
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Detailnost

Metody celoplosné diagnostiky stavu porostu

On-the-go senzorové
systémy

Druzicovy dalkovy
pruzkum Zemé

N
Letecky a bezpilotni
pruzkum

Mobilni fenotypizacni
platformy

Uplatnitelnost faremni pouziti sluzby vyzkum

* UCelové zamérfeni na
variabilni aplikaci hnojiv /
POR

* zjednodusené ovladani

* globalni pokryti s vysokou
frekvenci poskytovani dat

* prost. rozliSeni od 10m
(volné dostupna data)

* narocné zpracovani dat
(poskytovatelé sluzeb)

* cilené prazkumné mise

* vysokeé prost. rozliseni
(cm)

* legislativni omezeni

* narocné zpracovani dat

* cilené pruzkumné mise

* multi-senzorové vybaveni

* vysokeé prost. rozlieni
(mm)

* pouZivané zejména ve
vyzkumu, Slechténi rostlin
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Druzicovy prlizkum z volné dostupnych dat
Landsat (NASA/USGS) od 70. let 20.stol. (Landsat 8/9)
Doba obéhu 16 dn( (8 dnli v pfekryvech)
Rozliseni 30m (OLI) / 100m (TIRS), zdbér 180 km
zdroj: Earth Explorer, Google Earth Engine

Sentinel 2 (ESA), od 2015
Doba obéhu 10 dn( (5 (3-4dny) dnii od 2017 — S2B)
Rozliseni (10m/20m/60m), zabér 290 km
Red-edge pasma
zdroj: ESA scihub, Amazon Web Service, Google Earth Engine

Comparison of Landsat 7 and 8 bands with Sentinel-2
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Dostupnost Sentinel 2
scén pro vybranou
lokalitu (Pelhfimov)
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ldentifikace oblacnosti Sentinel-2

- vrstva ,,scene classification” — soucast L2A zpracovani (sen2cor), detekce
atmosférickych objektt pro jednotlivé pixely (20m)
- moznost poutziti jinych algoritmu atmosférickych korekci (nad L1C)

Label Classification
0 0O DATA
1 A R A ) OR D 60
54
2 DAR ARFA P
50
3 OUD ADQC
4
5 NOT_VEGETATED * ;
6 A » ? 20 ‘
12
7 10
4 5
8 CLOUD_MEDIUM_PROBABILITY | I‘I S K
‘»0 &b ‘zz ® -\o° N .&( 3 ‘§ Qg ‘&‘-; o,,x
9 CLOUD_HIGH_PROBABILITY S FTFFTF TP g
P F U S
10 N
11 SNOW
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Landsat 9 Quick Facts

Mission Management and Operations: NASA's Goddard Space
Flight Center manages the development of Landsat 9 through its

Landsat 9 in orbit

Mission type Satellite imagery
launch and post-launch checkout. The USGS Earth Rescources Operator ASA | USGS
Observation and Scienc_:e Center operates the satellite and COSPAR D 202108845
manages the data archive. SATCAT no, 49260
. . Website Landsat 9
Spacecraft Provider and Observatory Integration: Mission duration & years (planned)
Northrop Grumman Innovation Systems Orbit 16 years -with fuel (plannea)'"
186 days, 41 minutes (in progress)
OLI-2 Provider: Ball Aerospace R
Spacecraft Landsat 9
TIRS-2 Provider: NASA's Goddard Space Flight Center Spacecrafttype  Landsat
Bus LEOStar-3
A"itUde: 438 mileS (705 kilOmeterS} Manufacturer Morthrop Grumman Innovation
Systems
= - . . Launch mass 2711 kg (5,977 Ib)
Orb“ Du ra“on' 99 mInUTes Dimensions 46m=3mx3m(151ft=9.8f
. %9.8f)
Orbits per Day: 14 Power e
Images per Day: 700+ Startofmission
Launch date 27 September 2021,
18:12:00 UTCIIE]
Coverage of Earth: Every 16 days Rocket Atlas V 401 (M£092)
. . ) Launch site Vandenberg, SLC-3E
Launch Vehicle: United Launch Alliance Atlas V 401 rocket Contractor United Launch Alliance

. . . . Entered service  January 6, 2022 [']
Launch Site: Vandenberg Air Force Base, California _
Orbital parameters

Reference system Geocentric orbit

To access Landsat data, visit hitps://www.usgs.gov/landsat

Regime Sun-synchronous orbit
Altitude 705 km (438 mi)
Inclination 98.2°

Period 99.0 minutes

Repeat interval 16 days
Instruments

Operational Land Imager-2 (OLI-2)
Thermal Infrared Sensor-2 (TIRS-2)
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LANDSAT NEXT Spectral Comparison: Landsat 8/9, and Landsat Next

Increased spectral coverage with Landsat Next will enable new applications

Landsat8 &9 Landsat Next

Bands 10-11 TIR; surface lemperature,

crop waber use (evapoiranspiration), Bands 21-25:

surface temperature,
crop waler use (evapotranspiration),
mineral and surface comp mapping,

Bands 18-20:
soil quality & crop managernent

Bands 13-15;
Snow cover and
ice melt (liquid wates)

MNear
Infrared

Band 12; water vapor, for
improved atmosphenc comections
Band 10: vegedation indices

Bands -0 leaf area, chiorophyll,
early plant siress

B

Bands 5-6:

waler quality, harmul blooms
visile ight s

.ilrﬁi]l& ‘R- G’a}

Light natural color

Bands 1-2: improved aenosol retrieval;
inlandicoasial water quality

The mission is on target to launch in 2029/2030.
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About

PlanetScope -« SkySat

What = \

T O30l constelabons ~ PLNEISIOpe and
SkySat = capture high and very high résolution
imagery over the entire Earth every day.

Both constelabons are owned and operated by
Flanet Lads PO [Planet) and weee accepted as
Thied Pacty Masons in Febraasy 2022

When = —

Laached begin

34101 3
T T

+H+4+ In 2013, SkySat-1 was busched
N1 Scung 2014, muitple groups of
2013 2\)-1& dvdud) Dove atelines wene
v Busched in batches called “Noths®.
PSS g Lavnches ace cogoing

How =

New sensors on the SuperDove sateiites cahanie the PlaaetScope magery

feom four B0 eight spectral bands, with six abgoed 1o (opernikus Sentinel-2
Bands. The three cameras of exh SkySat sateliite jointly capture stered
imagery and video footage for up to 90 seconds during the diy and night
ASanced remote seasng & possidie when Plaset dota ate fsed with
olher Land monkorng missoas, suth as Laadsat and (operacus Sentined-2

—a (Coverage

3.7m R® 70km?
% 400kmz

PLnetScope 30d SkySat are opacdting in vanous orbaal plaaes in low
Earth oed, The PlanetScope constellation consists of over 200 Dove
and SuperDove ndaosalelites, which cede Earth every 50 mvnutes,
peoadey dadly, gobal mageey 3t 3.7 1o 4.0 m natav fesolution,
SkySat 5 3 fNeet of 21 very hghresoluton satelites capoble of
ORcing Sub melnd Images mudtiphe Umes durag the duy

The Neet of Doves Moe-scan Earth with indwidual scenes sred M
around A00 square lomelres, the size of an entire Oy, Simullanecusdy,
with 3 ground footpnnt of 70 squace blometres, StySat caa focus on
s of greatest imtecest, identifying objects soth as vedeties and
shppiog contaeness

Applications

PLoeISCope 30d SkySat data Senve DUMEroUS commertal and
governmental apphcations. The data are now avadable for RAD through the
ESA TPM programme, offering rapid high and very high resolution imaging.
Planet data support activities i the following areas:

=0 0+ Meaitoriag 0pid dhaages in vegetation 3nd land use
; .+ Detailed vegetation mapping
- Surface deformation (carthquake displacements)
+ Cryosphere and hydrology menitoring
+ Moaitoring transport & urban infrastroctore

\/ (f_l + Emergency & security applications

Data Access: earth.esa.int/eogateway/catalog/planetscope-full-archive

carth.esa.int/eogateway/catalog/skysat-full-archive-and-new-tasking




PlanetScope Camera

The PlanetScope camera on each DOVE cubesat operates currently in eight bands - red edge

d Band Name Wavelength (fwhm) Interoperable with Sentinel-2
red.
1 Coastal Blue 443 (20) Yes - with Sentinel-2 band 1
Three-band frame Imager or four-band frame Imager
with a split-frame NIR filter (DOVE-C) 2 Blue 490 (50) Yes - with Sentinel-2 band 2
Four-band frame imager with butcher-block filter 3 Greenl | 531 (36) No equivalent with Sentinel-2
Sensor Type providing blue, green, red, and NIR stripes (DOVE-R)
4 Green 565 (36) Yes - with Sentinel-2 band 3

Eight-band frame imager with butcher-block filter

providing blue, green, red, red-edge, and NIR 5 Yellow 610 (20) No equivalent with Sentinel-2
stripes [SuperDove)

6 Red 665 (31 Yes - with Sentinel-2 band 4
Coastal Blue: 431 - 452 nm 7 Red Edge 705 (15) Yes - with Sentinel-2 band 5
Blue: 465 — 515 nm

8 NIR 865 (40) Yes - with Sentinel-2 band 8a

Green I: 513 - 549 nm

Green: 547 — 583 nm

Spectral Bands Yellow: 600 - 620 nm

Sentinel-2A

Red: 650 — 680 nm
RedEdge: 697 — 713 nm Dove

Classic

NIR: 845 — 885 nm

Dove-C: 3.0 m-4.1 m
EOIMLEE DS EGEHGELTIN Dove-R: 3.0 m-4.1 m
SuperDove: 3.7 m-

w
o
o]
Q
w
-
w
F4
<
=
a

15
1 l ' l Superdove
400 500 800 900 000

24 km x 8 km (approximate) for DOVE-C
Frame Size 24 km x 16 km (approximate) for DOVE-R

32.5 km x 13.6 km (approximate) for SuperDove Figure 1. Spectral bands of Planet’s Dove Classic,
Dove-R, and SuperDove satellites compared to
Sentinel-2A. Note the addition of bands to
RS T Daily at nadir SuperDove and the improved alignment with
200 million km?/day Sentinel-2A over time.

Wavelength (nm)

Maximum Image Strip per orbit JEIIEE

-

Image Capture Capacity
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[INFO] Vcera (1.4.2022) v podvecer byla z Floridy Uspésné vypusténa
némecka druZice EnMAP s hyperspektralnim pushbroom sensorem
(skener). Skener zaznamenava 91 spektralnich pasem v rozsahu VNIR
420-1000nm a 131 pasem ve SWIR (800-2450nm). S ohledem na
relativné vysoké prostorové rozliSeni druZicového systému (30m) a
dobu obéhu 4 dny pljde bezpochyby o vyznamny zdroj informaci pro

oblast mapovéni stavu vegetace a pudnich podminek s vyuZitelnosti
German environmental satellite closes a gap in modern Earth observaton___ mimo jiné v preciznim zemé&délstvi.

German satellite EnMAP launches successfu"y V porovnani s multispektralnimi systémy umoziiuji hyperspektraini
data umozZniuji Iépe detekovat rozdily vegetace, pldy ¢i daldich objektd

na zakladé identifikace drobnych rozdild ve spektraini kfivce.

1. April 2022

https://www.dlr.de/.../20220401_german-satellite-enmap...

Vice informaci k EnMAP zde:
https://www.enmap.org/

Launch of Falcon 9 with German environmental satellite EnMAP
Image 1/7, Credit: SpaceX.

o At 18:24 CEST on 1 April (12:24 local time), the first German-developed hyperspectral satellite
(EnMAP) successfully launched on board a SpaceX Falcon 9 rocket from Cape Canaveral in Florida.

» The mission is being managed by the German Space Agency at the German Aerospace Center (DLR) in
Bonn on behalf of the Federal Ministry for Economic Affairs and Climate Protection (BMWK).
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-2 EnMAP starts Routine Operation Phase on
November 2, 2022 Orbit characteristics

published on November 02, 2022

Orbit / Inclination sun-synchronous / g7.96"
On October 28, 2022, EnMAP has successfully completed its Flight Qualification Review (FQR) and thereby;,
finished the Commissioning Phase (CP). Based on this decision, EnMAP will enter routine operations in the e e s
next days. After the Launch and Early Orbit Phase (LEOP), the CP was used to optimize the Hyperspectral Target revisit time 27 dﬂ'_'ll'E Mﬁ = SD} ‘II
Imager (HSI) for scientific operations and to check the quality of the data. The data archive is steadily 4 dﬂ.]l' 5 MA = jﬂu]

growing and contains already more than 12 000 tiles, where each tile covers approx. 30 km x 30 km.

Equator crossing time 11:00 h £ 18 min (local time)
Starting November 2, 2022, users can access the EnMAP data archive for downloading EnMAP L1B. L1C

L

oy ¥ e and L2A data products and submit observation requests after registering at planning.enmap.org tf.
EnMAP image acquired over Ins.trument 'L.I"H;El m"ﬁ
Dubai, the Palm on July 1st, Please note that at the beginning of the routine operations delays in the process of data request may be C |'| ara f,tg.r iSti CS

2022. Principle Component  possible. The ordering of L2A water products will be made available shortly.
Analysis (RGB: PC1, PC2, PC3)

Spectral range 420- 1000 NM | QOO - 2450 NM

Number of bands 154

NON PHOTOSYNTHETIC VEGETATION

MINERAL MAPPING

=R Non photesyrthetic vegtatian
;%;% i : S Spectral sampling interval | 6.5 nm 10 nm
- N | Spectral bandwidth B.1+1.0nm 12.5+ 1.5 nm
g:/-/ 4% (FWHM)
3t Sypsum
:MV\“ Signal-to-noise ratio
P S (SNR)

Spectral calibration

accuracy

Ho Tt Ground sampling distance 3omx3om
o Fe, content (%) ristic reflectance ;
spectra for various (at nadir; sea level)
3 types of surface
§ S Swath width 30 km (field-of-view = 2.63°
400 00 1200 1600 2000 2400 across tl'il[:k]

Wavelength (am]

Swath length 1000 km/orbit - gooo km/ day
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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

UAV
cm / pix

30m
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Casové rozliseni

- Doba obéhu druzice — kdy preléta znovu nad zajmovym Uzemim

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

NDVI (Unor — kvéten 2018)

NDVI

Sentinel 2 A/B o
5 dnt (3-4)
- MODIS /
Planetscope
Landsat 8

1 den
16 dnt (8)

0218 0318 0318 04-18 04-18 0518
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Jak prohlizet / ziskat / zpracovat data

* Poskytovatelé sluzeb v zemédélstvi

- Onesoil, Prefarm, Varistar, Skyzol, Cleverfarm, Agdata,, Xarvio, Satagro, Cropio, MyDataPlan, ...
* Bezplatné prohlizecky

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

- Landviewer (https://eos.com/landviewer)
e Zdroje dat

- ESA Scihub, Czech CollGS

- Amazon Web Services,
* Bezplatné cloud platformy pro zpracovani

- Google Earth Engine (https://code.earthengine.google.com/)
* Rucni stahovani / zpracovani dat

- QGIS - Semi-automatic Classification Plugin

- SNAP (http://step.esa.int/main/toolboxes/snap/)
* APl zdroje

- AWS, World from Space Dynacrop, Sentinelhub,
 Komercni EO cloud platformy

- DIAS (creoDias, ...)

- EODC

- VITO



http://apps.sentinel-hub.com/eo-browser
https://eos.com/landviewer
https://code.earthengine.google.com/
http://step.esa.int/main/toolboxes/snap/
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Google Earth Engine (https://code.earthengine.google.com/)

Google Earth Engine  Search places and dataset e s || ekan +
‘I_ﬁlﬂ_m Get Link vl . Run vl Reset * .- 1 Console

B0 Docs Assets
Lrreprites

(a Filter Al T print(...) to write to thi onsole.
B 1_filter_L8-SR e i i
W 1_filter_MOD13 var end = ‘2 -12- %

B 1_filter_S1

& 1_filter_S2_plot

& 1_filter_S2_plot_maxMed

& 1_filter_S2_plot_maxMed_Zonal

B 1_filter_VIIRS

& 2_NDVI+NDRE_S2_clip_exp

B 2_NDVI_L8_clip_exp

& 2_NDVI_S2_clipUNI_exp

& 2_NDVI_S2_clipUNI_exp_geometry
&2 NDVI 82 clip Koicie?2018

var 18 = ee.ImageCollection('COP
terDate(start, end)

c £(['B4; *B3";. 'B2']);
var nd ee.ImageCollection('CO
.filterDate(start, end)
.map(function(img) {

return img.addBands(img.normalizedDifference(["B8", "B4"])).select("nd")

WEN WA WN e
4

[
o

Two Chart Inspector
Click a point on the map to inspect.
lon: 16.9272 lat: 49.1283

NDVI Over Time
w—nd

RGB Bands Spectrum Over Time
— 52 B3 B4

10,000

e

Podminky pouziti | Nahlésit chybu v mape


https://code.earthengine.google.com/
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o :ne . Online senzorové systémy — plodinové senzory

Trimble Greenseeker

e

“.j} AUGMENTA

p—

Topcon CropSpec Agleader OptRx Augmenta
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Porovnani ISARIA a Sentinel-2

Table 5 Correlation coefficients between crop parameters, vegetation indices and harvest parameters
for locality Zdounky. Red values rvepresent statistically significant results at 95% of probability

NoE TSW | Density | Ngrain | Yield S| Yield
[n/m?] [g] | [kg/m’] [%0] [t/ha] H

N plant | Biomass | Nupt
[%0] [tha] | [kg/ha]

[t/ha]
N plant [%] 1.000 0.018 0.700 0.491 -0.246 0.561 0.597 0.370 0.460
Biomass [t/ha] 0.018 1.000 0.594 0.105 -0.274 -0.126 0.160 0.311
Nupt [kg/ha] 0.700 0.594 1.000 0.384 -0.304 0.444 0.509 0472
IRMI 0.546 0.175 0.526 0.338 -0.036 0.141 0.090 0.669
IBI 0.572 0211 0.620 0.373 -0.208 0.244 0.183 0.557
GNDVI 0.501 0.259 0.583 0.405 -0.235 0.211 0.140 0.693
NDRE 0.372 0.377 0.580 0.449 -0.066 0.110 -0.084 0.734
NDVI 0.429 0.188 0.415 0.200 -0.090 -0.023 0.008 0.520
NRERI 0.431 0.448 0.618 0.306 -0.123 0.020 -0.020 0.611
RENDVI 0.457 0.433 0.624 0.299 -0.122 0.032 0.018 0.603
Yield H [t/ha] 0.460 0.335 0.508 0.666 -0.206 0.217 -0.012 0.639
NoE [n/m?] 0.491 0.105 0.384 1.000 -0.451 0.496 0.116 0.638
Yield S [t/'ha] 0.370 0.311 0.472 0.638 -0.054 0.167 0.027 1.000
TSW [g] -0.246 -0.274 -0.304 -0.451 1.000 -0.328 -0.131 -0.054
Density [kg/m?] 0.561 -0.126 0.444 0.496 -0.328 1.000 0.506 0.167

N grain [%] 0.597 0.160 0.509 0.116 -0.131 0.506 1.000 0.027

Legend: Std — standard deviation; CV — coefficient of variation, N — nitrogen content, Nupt — nitrogen uptake; Yield H — yield
harvest; NoE — number of ears; Yield S — yield sample, TSW — thousand seed weight

Mezera et al. 2021. Estimation of winter wheat nitrogen status and prediction of crop yield by satellite and proximal sensing (MendeINET, 2021)
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Porovnani OptRx a Sentinel-2

Table 6 Correlation coefficients between crop parameters, vegetation indices and harvest parameters

or locality Rasovice. Red values represent statistically significant results at 95% of probabili
Iy kasovice. P V sig P ty

N plant | Biomass | Nupt | NDRE | NoE | TSW | Density | Ngrain | Yield S| Yield
[%0] [t/ha] | [kg/ha] | OptRX | [n/m?] | [g] | [kg/m?] [%] | [t/ha] [UIE :
a
N plant [%] 1.000 0.410 0.662 0.568| -0.411 0.005 0.785| 0.493 0.415
Biomass [t/ha] 0.410 1.000 0.919 0.596 | -0.739 -0.097 0.604| 0419 0.844
Nupt [kg/ha] 0.662 0.919 1.000 0.624| -0.734 -0.152 0.743 0.475 0.823
NDRE OptRx 0.558 0.825 0.830 0.695 | -0.836 -0.171 0.703 0.490
GNDVI 0.605 0.812 0.858 0.665 | -0.796 -0.148 0.744| 0.516
NDRE 0.542 0.869 0.875 0.695| -0.818 -0.171 0.727| 0.538
NDVI 0.609 0.804 0.830 0.637| -0.830 -0.231 0.723 0.455
NRERI 0.594 0.821 0.845 0.755] -0.734 -0.029 0.804| 0.626
RENDVI 0.581 0.803 0.826 0.753| -0.716 0.013 0.816| 0.630
Yield H [t/ha] 0.415 0.844 0.823 0.418| -0.718 -0.322 0419 0.282
NoE [n/m?] 0.568 0.596 0.624 1.000 | -0.531 0.127 0.800| 0.937
Yield S [t/ha] 0.493 0.419 0.475 0.937] -0.313 0.295 0.719 1.000
TSW [g] -0.411 -0.739| -0.734 -0.531] 1.000 0.390 | -0.531| -0.313
Density [kg/1n3] 0.005 -0.097| -0.152 0.127| 0.390 1.000 0.104| 0.295
N grain [%] 0.785 0.604 0.743 0.703 0.800| -0.531 0.104 1.000| 0.719 0419

Legend: Std — standard deviation; CV — coefficient of variation; N — nitrogen content; Nupt — nitrogen uptake; Yield H — vield

harvest; NoE — number of ears; Yield S — vield sample, TSW — thousand seed weight

Mezera et al. 2021. Estimation of winter wheat nitrogen status and prediction of crop yield by satellite and proximal sensing (MendeINET, 2021)
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Porovnani vztahu odbéru N rostlinami (Nupt) s vegetacnimi indexy NDVI a REIP ze
Sentinel-2 (rdzné lokality 2017-2020, pSenice o0zima)

: Zdounky

: Otnice_1

: Otnice_2

: Dolni Dubnany

: Rasovice

: Kardasova Recice

© MENDELU

@ Agronomicka
Mezera, J. et al. Assessment of spatial heterogeneity of winter wheat canopy stand by Sentinel-2 satellite imagery. @ fakulta

MendelNET 2020. ®
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o :ve Diagnostika vyzivného stavu rostlin

0.90

0.88 |

0.86

0.84 |

GNDVI

0.82

0.80 ¢ ~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 " " s N M L
60 80 100 120 140 160 180 200 220 240 260

Nupt [kg N . ha-1]

UAV monitoring — identifikace vyzivného stavu (KojcCice, pSenice ozimd, BBCH 51, 2018)
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o :ve Diagnostika vyzivného stavu rostlin

Diagnostika vyzivného stavu porostu
Bodovy graf z NDVI_BBCH30 proti Nupt BBCH30 pgenice ozimé pomoci DPZ (P|anet 4b)

Tabulka dat33 20v*50c X .
NDVI_BBCH30 = 0.4798+0.1827*0g10(x) AGRA Risuty s.r.0., 2021

0.90
0.88 |
0.86 |
0.84 |
0.82 |
0.80 |
0.78 |
0.76 |
0.74 |
072 |
0.70 |
0.68 |
0.66 |
0.64 | o
0.62

NDVI_BBCH30
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Nupt_BBCH30
Odbér N (kg/ha)
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o :ve. Vymezeni produkcnich zon

Mapovani vynosu pri sklizni plodin

* Omezena dostupnost vynosovych dat (nedostatecna vybava, neprovadéni
zaznamu, nevhodné plodiny)

* SniZzena vérohodnost vynosovych zaznamu z duvodu vyskytu chyb (Spatné

provedenad kalibrace vynosoméru, kombinace sklizeci techniky) — nezbytné
provést filtraci

Crop yield maps from harvest 2018 (Rosténice a.s.)

Before correctins After corrections

" Yield [REL] ré
m Hon 221160

B Low 174305

N
W+E 0 4625 9%
S

Plepogitany vynos.
Value

Weh 724
" Yk




@® Mendelova
@ univerzita

o :ve. Vymezeni produkcnich zon

Vymezeni produkcnich zon z DPZ

* Nahrada vynosovych map vymezenim produkcnich zon z ¢asové fady druzicovych
dat (8 let)

* Na rozdil od vynosovych map DPZ neposkytuje pfimou informaci o dosazeném
vynosu plodin, ale odhaduje rozlozeni vynosovych hladin na zakladé odrazivosti
porostu vegetacnimi indexy ve vegetacni fazi citlivé na tvorbu a predikci vynosu.
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 »

By 100
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o
s
120
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Production zones
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o :ve. Vymezeni produkcnich zon

Odhad vynosi zemédélskych plodin na zikladé druZicového monitoringu
Prediction of crop yields using satellite remote sensing
Vojtéch Lukasl, Miroslav kaau, Daniela Semerddovd]’z, Kamil Rajdtz, Jan Baleku, Petr
S“”te}uirwk;",, Pavel Zahmdﬂiéekz"", Petr HIavinkal’z, Zdenék Zalud™?
Ustav agrosystémii a bioklimatologie, Mendelova universita v Brmé, Zemédelska 1, 61300
Brmo; “Ustavi vzkumu globdlni zmény AV CR, v.v.i., Bélidla 986/4a, 60300 Brno; *Cesky
1 | hydrometeorologicky iistav, Pobocka Brno, Kroftova 2578/43, 61667 Brno
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Korelacni koeficient mezi veg. indexy (MODIS) a vynosy plodin napfic¢ sledovanymi roCniky
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evive  Produkcni zony
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o :ve. Vymezeni produkcnich zon

" 2017 2018 2019
% Crop yield 2017 f Crop yield 2018 ( Crop yield 2019
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ovine”  Variabilni aplikace

Analyza dlouhodobych trendt

- ofekavana urover vynosu _ 4
- ldentifikace rizikovych oblasti (vyplavovani N, - PLAN

poléhani, zapleveleni,...)

Hodnoceni aktualniho stavu

- diagnostika stavu porostu (vyzZiva, zdravotni stav) — KO RE KCE

- hodnoceni plGdnich vlastnosti
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oviwe”  Variabilni aplikace

Strategie urceni intenzity zasahu

Posilovaci (aditivni) Kompenzacni
e SvysSihodnotou ocekavaného vynosu e Intenzita zasahu se sniZuje se zvysujici se
(produkénich zén) se zvysuje intenzita zasahu hodnotou vynosového potencialu

e Uprava extrémnich hodnot dle aktualni
situace (riziko poléhani porostd, vysusné
stanovisté, podpora slabych porostd, ...)

¥
0

e e» a)

=
3 podpora B ’ F
% slabych riziko vyplaveni §
MO o T R ¢
N porostu zivin / poléhani -
T Omem porostu £
=
2 g
£ £
1 2 3 4 5 1 2 3 4 5

Produkéni zona / vynosovy potencial Produkéni zona / vynosovy potencial
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Variabilni aplikace

Vysledky oveérovani variabilni aplikace N

vySSi vyznam vlivu produkcéni schopnosti stanovistnich podminek na dosazené
vynosy nez Uroven vyzivy dusikem

zvysSeni davky dusiku v zénach s nadpriimérnym vynosovym potencidlem nevedlo
k o¢ekavané podpore vyssiho odbéru zivin pro dosazeni vyssiho vynosu zrna.
doporuceno je snizeni urovné aplikace dusikatych hnojiv v zdnach s nizsim
ocekavanym vynosem zrna formou variabilniho davkovani a ,,zastropovani” davek
dusiku na mistech s vyssi hodnotou relativniho vynosového potencialu.
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M High:0.99
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Polehly porost psenice ozimé, Rasovice, ¢ervenec 2020




Produk¢ni zony z druzicovych dat
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T Vrstevnice
T™WI
Pravdépodobnost polehnuti Valus
B Nizka 10
W ysoks M-
PARCELA: Pécovo DATUM APLIKACE: 20.03.2018 1878 ¢ 186 PARCELA: Pocovo o 166
PLOCHA: 68,64 ha HNOJIVO: Mocovina I, PLOCHA: 68,64 ha I,

Obrazek 42: Mapy s identifikaci mist s vysokou pravdépodobnosti poléhani porostu (vlevo) na zakladé reliéfu terénu z DEM (vpravo),
v tomto pripadé klasifikaci topografického vlhkostniho indexu TWI (Neudert et al., 2018).
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Redukce davky N v terénnich depresich (LAD, jeCmen jarni, 2022) — dle TWI

£90,3™

P. SirGicek, Rosténice a.s.



@® Mendelova
Qv

o :ne | Aplikace POR

NDVI_170518

- High : 0.911126

—_— Low : 0.225302

518T095031_N0205_R079_T33UXQ_20170518T095032_|

je€men jarni
78 ha

Aplikace regulatoru ristu
(2017)
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Testovani variabilni aplikace regulatoru ristu a fungicidniho osetreni
- dle mapy produkénich zéon (Kyjovsko, 2021)
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Bezpilotni priizkum

Bezpilotni prizkum

DJI Phantom 4 Multispectral

operativni pruzkum v nizké vysce
automatizované ovladani
legislativni omezeni

vhodné povétrnostni podminky
narocné zpracovani dat

plosnd vykonnost 20 - 200 ha/vzlet

optional

High power
motors

Flexible
landing gear
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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 75 150 300 450 600 600
B D BT I . —
Ortomozaika bez radiometrickych korekci jednotlivych snimku Ortomozaika s radiometrickymi korekcemi
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eBee MULTISPEC 4C
15cm / pixel
26.2.2016

0 100 200

m



18-04-24_NDVI REL [%]

180421_S2_NDVI_REL
- High : 120 %

M ow 153 %

O\
senseFly

ZD Koijcice (Pelhfimov) — pozemek cca 20 ha
<ebee

eBee
The professional mapping drone

PhOoS That you Can anshorm 0 accurate orthomosaics & 30
mogetc
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identifikace poskozeni

Parcela Plocha ha Plocha ha Procento

bez porostu
Cormifk s mals 215 o =14 A7 gA0s
Osmicka od Desatku 23,63 5,49 35,91%

Sentinel-2 7.9.2022 PlanetScope 13.9.2022

Rosténice a.s., zaFi 2022 (Petr SirGi¢ek, DJI PAM)
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=" Mapovani drenaznich systému

AGRA Risuty s.r.0., pozemek Za Frajmankou, jeémen jar., 2021
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o :ve . Detekce zapleveleni

Sentinel-2 (9.9.2021), 10m / pixel UAV (11.9.2021), 7 cm/pixel

Lokalita Nova Ves, 2021
detekce pchace (Cirsium arvensis)
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Nova Ves (Ivancice), 14 May 2022, Cirsium arvense in winter wheat crop
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Shrnuti

* precizni zemédélstvi (PZ) predstavuje smér racionalniho hospodareni na
pudé, ktery ma z hlediska budouciho vyvoje zemédélstvi vysoky potencial
uplatnéni v CR,

* postupy PZ vyzaduji identifikaci variability pozemk( - DPZ ma vyznamnou
roli pri mapovani pozemkt formou diagnostiky stavu porostu polnich
plodin a vymezeni management zon.

* vyvoj metod mapovani plosné variability by mél zahrnovat celo-faremni
uroven s dostatecnou presnosti, Casovou a prostorovou detailnosti
(druzicovy DPZ) s pripadnym doplnénim detailniho monitoringu pro
jednotlivé pozemky (UAV)

* volba metod DPZ pro optimalizaci péstebnich operaci formou variabilnich
aplikaci by méla odpovidat poZzadavkiim na kvalitu vstupnich dat a
presnost provadéného zasahu
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