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Kontext projektu
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o) gisat
= Studie iniciovana v prosinci 2015 spolecné DG-JRC, ESA and SZIF
(Statni zemédélsky intervencni fond)

= Redena v ramci projektu ESA ,Sentinel-2 for Agriculture”
vedeném Université Catholique de Louvain

= Demonstrovat moznosti druzic Sentinels pro zemeédélsky
monitoring a management v Ceské republice

= Qverit koncept mapovani zemeéedélskych plodin na celostatni
arovni
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Technicka specifikace produktu
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o) gisat

= Specifikace produktu

= Prostorové pokryti: Celostatni az regionalni
=  Prostorové rozliseni: 20 metr(i / DPB (polygon LPIS)
= Casovy rozsah: Celé vegetaéni obdobi

= Casova frekvence: 2-4 mapy béhem 1 vegeta¢niho
obdobi

= Geometricka presnost: RMS < 20m

= Tématicka presnost: Celkova presnost > 80%
Pfesnost pro jednotlivé plodiny > 60% (F1-score)

=  Format: Arcinfo SHP

=  Mapova projekce: Krovak / S-JTSK

= Vstupni data

= DruZicové snimky
Casové fada Sentinel-1 & 2
Casovéa fada Landsat 7 & 8

= Hranice zemédélskych ploch
LPIS

= In-situ data o plodinach

Data z pozemniho Setfeni, data z dotacnich Zadosti
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Towards the exploitation of Sentinel-2 for local
to global operational agriculture monitaring
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Czech Mational Crop Type Map: mapping crop types using an automated approach

Product rationale

The crop type pICda intends 1o dEMORSTate 35 a prool-ol-Loncept the capabiities of the:
Copernicus Sentineds for agricuiural moniiodng at rational scale of the Ceech Republic. The
eviain aim of the crop type product |s o support the national Crech Paying Agency (The Crech
State Agriculbure Intervention Fund, STIF) in its activties related to the adminktration and
coniral of subsidies within the ELFs Common Agricuitural Policy. The focus it support the
oniral of direct payerents and the comgiliance with the sustainalbile agriculbure practices. This
proct-ol-coecept B implemented in close cobperaion with the DE-IRC S2F as wall &
involving DG-Grow and DS-Agri in response of the recently published EC concept note "A
Roadmap for Fubure Copemicus Service Companents in support io Agricaitune” *.

The primary list of crops indudes winter cereals, winter rapeseed, spring cereals, maine, sugar
best, patatoss and dodder crops. Other crops may be added. The crop fype mapping wil
Erivide Dperationally Severs iterative Updates Snce the SEart of the cop growing Selsons. The
series of crog Type maps shail be produced based cn the Ciech State Agriculbural Interventicn
Fund requests. The thismati comtent and aocuracy of the map will vary acoonding to the
ErosSHen dati and the LSS Nidsds

1FC Dovument of § Aanl 2006 eef Anea (2026 TSLHTT, prepuned by the Joie! Resrarch Cestee o2 the
st of DG GROW v presested to B2 Member States daring the Copericas User Faram of 10 4pnl

Examyie ot mamemer meped

+ AERIDATIRE

www.esa-senZagr.org

Product
specifications

¥ Spafial ooverage:

Fil courdr o regional

¥ Siperfial reschuSion:

20 meters | LPAS polygeane
¥ Temporal exent:
Vibole crop groveing sezmn
» Termor fequenc;:

24 oop bype mops per ap
growing season

¥ Gezmekic scoracy
M < 2m

» Thenmbc accurac;-
Crmral sccuracy > B0%
nclvichsal oo acearacy > 6%
iF +score)

¥ Fiormad:

Prcinke SHP

» Cariographic projection-
Fopowvak | 5-JTS

¥ Metachin:

ML e




o) gisat

= Mapa zemédélskych plodin 2015

= CeldCR

= Vyhodnoceni ¢asové rady Sentinel-1 & 2 and Landsat 7 & 8

= Ozimé obiloviny, fepka ozim3, jarni obiloviny, kukufice,
cukrovka, brambory a picniny

= Casovy rozsah: Celé vegetaéni obdobi

= Mapa ozimych plodin 2016

= Regionalni (vychodni &st stfednich Cech)

= Vyhodnoceni ¢asové rady Sentinel-2

= Ozimé obiloviny, fepka ozim3, picniny (zahrnuje mapu LAI)
= Casovy rozsah: Bfezen 2016

= Mapa zemédélskych plodin 2016

= CelaCR
= Vyhodnoceni ¢asové rady Sentinel-1 & 2 (doplnéné Landsat 8)
=V pfipravé
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Inpet duty Matiowad crop mapping 2015

St e TaRey ¥ Daba wolume: Senfine-1- 763 somnes —» B85/ 38, Sentined-2 22 granues. -~ 118,
& Sentinel 1 & 2 time series Larciad Tl 675 somes —» 300G

% Landsat 7 & & time series » Crop map extent: Tokal ares of arble land: 2 455 552 ha, bl number of LFS blodks

Crop parcel datasets & crop data {wable bnd): 242 748

% Casch LPIS [Laned Pancel » Walidafion results: Based on the wlidsfion samphe consising of 1455 LPIS Blodks
idemnification System) Cherall sccuwncy- BT M

. v oo ascmarmscies | 1-soore): winker rpesessd 06%, winker cereais 5%, spring camaks
& In-situ crop data, 1ACS [crop .

desclaration] data %, sugar beet 6%, mmize 7%, polsioes 54%, fodder aops 0%, offer anual oops 548%

Processing methodology

The Crop Type Map can be produced during or at the end of the crop growing season based on the availabilty of input satellie
imagery and user requirements_ s producticn reies on the cenbination of Copermicus Sentinel- 152 [zomplemented with Landsat
daka) with ational in-5iu data set deried from public infomation (e.g. LPES).

That production chain i lagpely stomated. i consists of sutomatic download of stelibe imageny froem ESA & LISES data poetals,
image pre.procesdng and image compositing, crop classification, post-desificition processing and validation.

Tha: produdt i based of integration of Two complimentary dlacuification results independently dirived from time senes of optical
imagery (Sentinel-2 and Lardsat 7 & B} and time series of SAR imageny [Senting-1). The dassification approach relies on Supporn
Nedor Machine [SVM) techinigues. The in-di information & split betwesn the frRaining Smple used 1o train the classifier and the
wvalidation sample used to statistically assess the prodoct accuracy. An additional independent validation was conduched by the STIF
cordirming the validation results. The dense tme sevies of Sentined-1 avallable over Europe contribute significantly to the resuits
and will ensure a timely delivery o e users continuoushy over the crop growing season.

ek derivn in an operalional way Earh Obserialion products reieant for oop monifoing ssing Seniied 2 A’
b
=50 The preject, funded by ESA, is coried ou by a consorion imcling the Usiversié Catholiue de
Lotesin(EE) e Canre f fudes Spafiles o' Bioephioe(F), e coparies (S - Syclimes g st
F, dinformation (PR & 3 Romanis (ROU) and GEAT (CZ), werking in doss collsboron il 18
wmim.  orgmizabns, centers, piverdies of compens ing b e agr "

WWW_esa-sen2agn.org
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Druzicova data
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o) gisat

= lLandsat-7 ETM+, Landsat-8 OLI: rfijen 2014 — prosinec 2015
= L7z archivu USGS, L8 z archivu ESA
= 12 paths/rows pro CR, 675 scén (357 L7 ~ 80GB, 318 L8 ~ 300GB)

= Konverze DN to TOA, atmosférické korekce (6S), vybér spektralnich
pasem (blue, green, red, nir, swirl, swir2)

= Detekce oblacnosti/stinli/snéhu pomoci Fmask

=  Multitempordlni kompozity: bezoblacna mozaika, obdobi 1-3 mésicl —
brezen 2015, duben - Cerven 2015, Cervenec — zari 2015

Pocet bezobla¢nych hodnot (zelena = 1, ¢ervena > 10)

CzechAgri, 5. Ceské uzivatelské forum Copernicus, Praha, 10.5.2016
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®) gisat Landsat 7/8: Multitemporalni kompozity
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o) gisat

= Sentinel-1 GRD IW, fijen 2014 — prosinec 2015, operational SciHub, 763 scenes ~ 885GB

= Predzpracovani SAR dat (S1 a SNAP toolbox)

= Kalibrace na sigma-naught

= Terénni korekce a ortorektifikace
= Speckle filtering (Lee Speckle Filter)
= Konverze do dB scale

= Vybér vhodnych snimk{ pomoci
meteorologickych dat a vizualni
interpretace

Mésicni kompozity pomoci SNAP

Precipitation

Precipitation

22 October 2014

CzechAgri, 5. Ceské uzivatelské forum Copernicus, Praha, 10.5.2016

VH backscatter
03 October 2014

03 October 2014

VH ackscatter
22 October 2014




®) gisat Sentinel-1: mésicéni kompozit (leden 2015)

CzechAgri, 5. Ceské uzivatelské forum Copernicus, Praha, 10.5.2016
]



®) gisat Sentinel-2: dostupna data & , letni“ kompozit

= |dentifikovdno 5 orbit{i pfes CR, zpracovani dat S2 pofizenych pfed koncem
listopadu 2015, celkem 22 granuli~ 11 GB

= SEN2COR - atmosférické korekce
= Prekddovani masek oblacnosti, vSechny zpracovatelské kroky reseny ve SNAP

= letni“ kompozit: srpen - zari 2015

CzechAgri, 5. Ceské uzivatelské forum Copernicus, Praha, 10.5.2016
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®) gisat dcesa

Klasifikace & validace 2015
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o) gisat

= LPIS poskytnut MZe
= LPIS CR - zaloZen na pGdnich (farméaFskych) blocich
= Verze platna k 1.6.2015

= Celkova plocha orné pldy: 2 488 892 ha
= Celkovy pocet dilti pldnich blok(: 242 748 polygons

= MMIJ - 1ha, ve 20 m rozliseni odpovida 25 px

= Data LPIS - orna puda, vyméra dilu pudniho bloku >=1 ha

= Maska orné pudy odvozena z LPIS

= Predstavuje 2 466 350 ha (99.1% celkové plochy orné pudy)

CzechAgri, 5. Ceské uzivatelské forum Copernicus, Praha, 10.5.2016
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o) gisat

=  Poskytnuta SZIF

= Vzorek zemédeélskych parcel z roku 2015

= Jedna plodina na jednom dilu ptdniho bloku

= \lyméra vétsi nez 2 ha

= Plodina ze Zadosti potvrzena kontrolou v terénu
= Vzorek vybran pouze na orné pudé

= Stratifikovany nahodny vybér
= 10 plodin
= 7 plodinovych skupin

= 4491 dilt padnich blokd
= 2 294 poskytnuty Gisatu (2/3)

CzechAgri, 5. Ceské uzivatelské forum Copernicus, Praha, 10.5.2016



o) gisat

= Zalozen na algoritmech Support Vector Machine (SVM)
= Klasifikace provedena pod maskou orné ptdy odvozenou z LPIS

" |ntegrace vyhodnoceni optickych a radarovych dat

= Fuze pred klasifikaci (kombinace priznak)
jednodussi z operacniho pohledu

= Fuze po klasifikaci (kombinace trid)
lepsi pro reseni smisené klasifikace a identifikaci vice plodin na jednom DPB

= Dveé nezavislé klasifikace:

= QOptickd data - vyhodnoceni multitempordlnich kompozitl Sentinel-2 a
Landsat 7 & 8

= SAR - vyhodnoceni mési¢nich kompozitd Sentinel-1

" |ntegrace - vylepSena mapa plodin s vyssi tématickou presnosti - vyuziva
maximalni posteriorni pravdépodobnost v ramci DPB
= Agregace - plodina s nejvétsi plochou v ramci DPB

CzechAgri, 5. Ceské uzivatelské forum Copernicus, Praha, 10.5.2016



o) gisat

Sentinel-1: Analyza odrazivosti

Vyvoj odrazivosti pro jednotlivé plodiny v pribéhu vegetaéniho obdobi
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o) gisat
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Statisticky test: Generalized linear models (GLMs), Analysis of Variance (ANOVA) and Tukey’s HSD -
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o) gisat

Integrace a agregace

do LPIS

btck data

Q

Raarové data |

©

j=
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o) gisat

= [nterni validace - zpracoval Gisat, validacni vzorek: 866 DPB

Plodina / skupina Users  Producers

Trida . F1 score
plod in accuracy — accuracy
2 orimé obiloviny 02% o8% 95% -
3 jarni obioviny B4% B6% 85% frida ~ 12 3 4 5 6 7 8 Totd
4 cukrovka 100%  100%  100% 1 14 2 1 © ¢ 0 0 0 17
5  kukuice 81% 043 88% by c ¥ 4 0 0 0 10 39
b . o 229, 3 2 18 158 0 o0 o0 1 5 188
7 picniny BE% 68% 7% g ° 0o 0o % 0 0 0 0 B8
8 osatni plodiny 71% 0% 56% s 0 2 0 0 44 0 0 1 5
= o 2% a5 & 0 0 0 0 1 11 o0 2 14
7 o 9 4 0 2 0 38 3 56
_ g8 2 2 2 0 8 2 4 ;W 67

= Externi validace - zpracoval SZIF, validacni vzorek: 1485 DPB

Plodina f skupina Users  Producers

Trida . F1 score
plodin accuracy  accuracy
2 azimé obiloviry BO% 0E% 03% -
3 jarni obioviny 85% &7% 26% L R S N B
4 cukrovka B9% B9% Bo% 1 185 3 1 0 0 o 1 0 190
5 kukuiice R4% 0% 87% S ; 60 7 0 3 0 1 1 65
6  brambory - a0 2a% 3 2 31 274 0 0 ©0 2 7 316
7 picniny 85% 55% 70% B ° 1 ¢ % 0 0 0 1 1%
B ostatni plodiny 675 a1% 543 5 0 4 0 87 o 2 4 97
Priimeér 85% 80% 82% 6 0 0 c 1 4 0 4 30
7 o0 22 1 0 3 ©0 5 5 101
: 8 4 12 29 2 10 3 4 44 108
Celkova presnost B Total 194 &87 323 18 14 27 66 66 1485

CzechAgri, 5. Ceské uzivatelské forum Copernicus, Praha, 10.5.2016
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o) gisat

= Klasifikace optickych dat - vzorek z interni validace

Plodina f skupina Users  Producers

Trida . F1 score
plod in accuracy accuracy
2 czimé obilovi 9% a8% 95% _
3 i ,:,b-,lw-,mm g iy iy Tida 1 2 3 4 5 & 7 8 Total
4 cukrovka 100%  100%  100% o 106 & ¢ 0o 0o 3 0 1
5 kukufice BX% 80% B6% 2 3 360 5 0 0 0 1 0 369
6  brambory - - 225 3 1 13 1 o0 o0 0 3 7 184
7 picniry 75% 0% T2% - 0 0 8 0 0 0 0 8
] ostatni plodiny SR 235 a5%, 3 0 0 1 1] 46 0 2 2 51
S e 1% 2% & 0 o 0 1 1 o 2 14
7 0o 7 3 0 2 0 3™ 5 56
_ g8 2 3 27 0 7 2 4 2 6
Cellovapiesnost  87% Total 112 391 196 8 56 13 52 38 866

= Klasifikace radarovych dat - vzorek z interni validace

Plodina / skupina Users  Producers

Trida .
plod in accuracy  accuracy

F1 score

2 ozimeé obiloviny B5% 95% 90% -
3 jarni obioviny a1 . B Tida 1 2 3 4 5 6 7 8 Total
4 cukrovks R0% 100% 90% 1 1 o 1 o ¢ 0 0 0 117
5 kukuiice 73% 86% 80% 2 5 332 12 ¢ 0o 1 36
6  brambory i - - 3 1 3 133 0 1 0 ©0 & 188
2 picniny i - c5% 4 0 0o 0 8 0 0 0 o0 B
8  ozatni plodiny 65% 36% 50% s ¢ 2 ¢ ¢ 4 0 3 2 3
Brimar 8% i 7% 6 1 2 0 0 2 8 0 1 14
7 1 10 9 0 3 0 30 3 5
- 8 3 9 14 1 8 3 5 24 67

CzechAgri, 5. Ceské uzivatelské forum Copernicus, Praha, 10.5.2016
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o) gisat

= Jedina plodina je deklarovana na jednom DPB ve vice nez 80% vSech DPB

= DPB s vice plodinami je nutné detekovat automaticky (a je nutné je odlisit od DPB,
na kterych je vice plodin klasifikovano chybné)

= Dvoufazovy pfistup
= Statisticka analyza
= Segmentace v ramci DPB

= Uvodni test

= Statisticka analyza zalozena na aplikaci minimalni plochy zemédélské
parcely a vypoctu podill klasifikovanych plodin

= Aplikovano na validacni vzorek: pro 1481 DPB deklarovano vice plodin, vice
nez 90% identifikovano statistickym pfistupem

= Ale stale z(stava mnoho DPB s chybné klasifikovanymi vice plodinami

= QObjektové zalozeny pristup musi byt vyvinut a otestovan

CzechAgri, 5. Ceské uzivatelské forum Copernicus, Praha, 10.5.2016



) gisat Vice plodin na jednom dilu pudniho bloku |

brezen 2015 duben - ¢erven 2015 srpen - zari 2015

= Vice plodin na jednom DPB potvrzeno
=  Pfiklad , jednoduché” detekce

fepka ozima
ozimé obiloviny

jarni obiloviny

cukrovka
brambory
kukufice

picniny
ostatni plodiny

CzechAgri, 5. Ceské uzivatelské forum Copernicus, Praha, 10.5.2016



@) gisat Vice plodin na jednom dilu ptiidniho bloku li

brezen 2015 duben - ¢erven 2015 srpen - zari 2015

= Chybna klasifikace - vice plodin na jednom DPB
nepotvrzeno

=  Priklad , komplikované“ detekce

fepka ozima
ozimé obiloviny

jarni obiloviny

cukrovka
brambory
kukufice

picniny
ostatni plodiny
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@) gisat Vice plodin na jednom dilu pudniho bloku il

brezen 2015 duben - ¢erven 2015 srpen - zari 2015
- L F A

= r

= Vice plodin vs. vegetacni anomalie uvnitr DPB

=  Priklad , komplikované“ detekce

fepka ozima
ozimé obiloviny

jarni obiloviny

cukrovka
brambory

kukufice

picniny
ostatni plodiny

CzechAgri, 5. Ceské uzivatelské forum Copernicus, Praha, 10.5.2016
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@ sentinel-2

®) gisat dcesa

Klasifikace & validace 2015/2016
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o) gisat

= Pouze Sentinel-2 — kompozit zaloZzen dvou snimcich (bfezen 17/27)
= Ukazka regionalniho produktu — vychodni éast stfednich Cech

= Repka 0zima, ozimé obiloviny, picniny,
bez vegetace

= Mono-temporalni klasifikace, stejny
pristup jako pro rok 2015

= Trénovaci mnoziny porizeny pomoci
vizualni interpretace

= Validacni vzorek porizen béhem
terénniho Setreni
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o) gisat

= Kompozit Sentinel-2, klasifikace SVM, agregace na DPB
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o) gisat

= |nterni validace - zpracoval Gisat, validacni vzorek: 137 DPB
= ValidacCni data pofizena béhem terénniho Setreni

Plodina / skupina Users  Producers

Trida . F1 score
plodin accuracy  accuracy

2 ozimé obiloviny 90% 93% 94% .

7 picniny 95% 75% 85% frida 1 27 9 Toal

8 bez vegetace B8% 96% 92% 1 17 3 L 21

Priimér 91% 88% 89% g ¢ ® 1 0 65
7 2 3 21 2 28
9 0 1 ] 22 23
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®) gisat Klasifikace zacatkem jara

=  Chybna detekce repky ozimé — zpozdény vegetacni vyvoj, bude vyreseno
zarazenim pozdéji porizenych snimku
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@ sentinel-2

- g
®) gisat dcesa

Zaver & dalsi aktivity

CzechAgri, 5. Ceské uzivatelské forum Copernicus, Praha, 10.5.2016
]



o) gisat

= Vysoka presnost klasifikace zalozené na radarovych datech Sentinel-1
= LPIS musi byt k dispozici

= Prevazneé automaticke zpracovani (nebyly aplikovany zadné manualni post-
klasifikaCni Upravy)

= Musi byt zpracovano obrovské mnozstvi dat (1.3 TB pro jedno vegetacni
obdobi - nartst pro rok 2016)

= Klasifikace ozimych plodin je mozna jiz v bfeznu s vysokou presnosti (pfri
vyhodnoceni optickych dat)

= Klasifikace plodin v roce 2016
= Kompletni Casova rada Sentinel-2
= Presnost pro jednotlivé plodiny vs. doba klasifikace
= Simulace postupné iterativniho produkce v prubéhu vegetacniho obdobi

= Automaticka detekce vice plodin na jednom DPB
» |ntegrace vyhodnoceni optickych a radarovych dat

CzechAgri, 5. Ceské uzivatelské forum Copernicus, Praha, 10.5.2016
]



o) gisat

o~ XY .
(@¥ sentinel-2

=

ESA: iniciativa CzechAgri, financovani prostrednictvim projektu
Sentinel-2 for Agriculture

UCL: vedeni projektu, podpora vyhodnoceni 2015/2016

DG-JRC: “Towards Future Copernicus Services Components for
Agriculture”

SZIF: poskytnuti dat ze zadosti, externi validace, konzultace
MoA: poskytnuti LPIS
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