Eo-learn core features

The core library’s structure consists of the four main building blocks: EOPatch, EOTask, EOWorkflow
and EOExecutor [48,49].

EOPatches (Figure S1) are class-objects that can store various features, according to FeatureTypes (eo-
learn, 2018), under a common bounding box. Multi-temporal and multi-band imagery in EOPatches are
multi-dimensional NumPy arrays [91] where the dimensions vary, but usually express raster pixel
width and height, image ingestion time and bands. EOPatches control the data format for a given
FeatureType automatically. They can serve to split (to patch) an area of interest we want to classify,
which allows to scale the training and classification process and thus reduce computational
requirements and the amount of data needed. It is therefore possible to prepare data, train an estimator,
classify imagery and verify the results within a set of patches, which can be stored as *.npy files [92]. As
utilized in this experiment, EOPatches contained geometries for the study area, training/testing data
and multi-temporal Sentinel-2 imagery.

EOPatch (
data: {'BANDS': NumPy.array} :
? TRAL INDEX NDVI': NumPy.array}
mask: {'SC NumPy.array}

mask timeless: {'LULC': NumPy.array}
me:a:info: {} z

bbox: SentinelHub.Bbox i 1 H
timestamp: [datetime.date ( 19,8,1), sveeid

Figure S1. A sample EOPatch object with some of its FeatureTypes (i.e. data, mask etc.) and the required value after
the colon (i.e. Python dictionaries with multi-dimensional NumPy arrays).

EOTask (Figure S2) is an operational class-object that can execute methods on EOPatches. There are
numerous native operations in eo-learn to work with satellite data, inherited from the design of EOTask
(i.e. adding features to EOPatches or exporting results to various formats). Custom EOTasks can be
created with their own attributes and methods. Nevertheless, they always have to implement the
execute method, which performs the desired operation and returns an altered EOPatch. EOTasks used
in this experiment are further described accordingly.



class DerivateProduct (EOTask) : # Inherit from eo-learn’s EOTask class

mara

Custom EOTask that calculates a user-chosen derivate product (index or
similar).
v
def __init (self, derivate_name, equation):
self.derivate name = derivate name
self.equation_~ equation -

def arbitrary method(self, equation):

2 Ne somethina nise 11

eopatch, **keyword_arguments) :

od that orchestrates operations of othe

nts can be supplied

derivate_pro&uct -

self.arbitrary_method(se_:.equation)

eopatch.data[self.derivate_name] = derivate_product

o
0
f

Figure S2. A sample EOTask that calculates a multi-image feature, such as normalized difference indices. Its
components are explained in Python comments.

workflow = LinearWorkflow( her than
load ecpatches, # Instar
derivate product, # Inst

save ecopatches

external args = [{ # On-the-fly arguments, such as which ECPatch to load

load: {'eopatch folder': f'eopatch{alternating id}'},

save: {'eopatch folder': f'new_eopatch{alternating id}'}

}]
executor = EQExecutor (workflow, # Instantiating EOExecutor
external args
)

executor.run (workers=1) # specify if multiprocess on more CPU threads and

run workflow
executor.make report() # Make report

Figure S3. A sample EOWorkflow and EOExecutor as used to pipeline EOTasks. Components are explained in
Python comments.

EOWorkflow (Figure S3) can be likened to a flowchart diagram or a model builder in common GIS
applications. It is a class-object that defines EOTask execution succession, which can be linear or non-
linear. In EOWorkflow, EOPatches share data for the underlying analyses and among each other,
coordinated by EOTasks. External arguments for executing EOTasks can be defined. EOWorkflows in
this experiment encompass filling EOPatches, preparing data for classification and predicting results.
EOExecutor is a class-object that executes the whole workflow, enabling to parallelize executions (if
performed on multiple EOPatches). It outputs a report (log) of how the execution was performed.
EOExecutors were used along with the EOWorkflows.



import sys

import o3

import datetime

import pugRY 25 np

import matplotlib as gpl

import mASRIAELIR.EVRIS 25 RAK

import pandas as pd

import ggopandas as gpd

from ghapely.gsquaty import Polygon, bex

class Project:

An auwxihiary class to create and manage the pipeline's data in the project folder.

def _ipit_(self, pathoto.nmisst):
el EQLRER = selfsat FOLDER (atht.pwnisst)

def 5t FOLDER(self, path):

Prompts to set a project folder or create a mew one.
Should be set at any Jupykexr Notebook which 15 an instance of the pipeline project.

if Praiecki isct(pathy:
decision = imput(fProiack {path} already exists, do you want to use it (1) or create a mew one
@7
if nt(decision) == 1:
punt(fProieck {path} has been set to be used.’)
retum Prpject 2t avisting.nralest(path)
glif int(decision) == 2:
punt(Change the project name at project instance _jgit .0
return None
eamidin(path)
ptifProjeck created at: {path})
retum path

@staticmethod
def i prpigct(path):
Checks if project exists.

retumn zuy(folder == path for folder i gg listdis( - )

@staticmethod
def ga existne, Rriact(path):

for folder m g listdur(". ):
if folder == path:
retum folder

def _str_(self):
retum §P5038a% used: {salf EQLRER)



class AOIL:

A class to %2t the area of interest and prepare some essential variables for the Patcher class.
The axea of interest must be in the ESRI Shapefile or Geal3QN formats.

def _init__Lself, parhtn.agd, is=CRS.UTM_33N):

def sef AQI(self, path):

Sets £ilzpakbh to the filé containing the ROI.

while not g3.path.jsfila(path):
path = input(fParh {path} for your area of interest does not exisc. Change ic: )
retum path

def sel AQL 2dfself).

Loads a GeeJSQN or Shapefile to 2 GeRBaoias. SRGALRSEANG-
-
return gpdread file(selinat)

def gef QL sra(sele):
return g3,

def ges AQLshape(self).

Extracts shape from the ggadatafzans.-
retum selfedfzeomamxalues(0]

def ges AQLdimansions(self):

Obtains dimensions of the AOI.

shape = sel{shape
retum (s5aneounds(2] - sbaneownds(0], sbaneownds(:] - shanehounds(1])

def convert deaired. SRS self).

The user has_to know which UTM zone is their imagery in.

SalE = el A0 salenr=siie: GBS RES.IRRGLSE)Y)

def __ str_ (self):
retumn £7207 -
- path: {gglf cs}
- dimensions: {3l dimpspusns0]} = {sif dmsnuanilll} =
= CR3: {sglf cru}™

class Patcher:

2 class that splits the ACI inte patches based on the given dimensions. Creates list of ghaxsas
and info list with parent phax (Bkexs of the zgj) and spatial indexes of phassa-



def _ipis__(self, proiact faldes. cis=CRS UTM_33N):

K=

s pischfolder = prajectfdss.
wikbox it selnfaist= None, Noae
wiay splistaxs = None

wihgdf = None

wiaalested paiches = None
wipatch, 20f bhoses = None

def get 3y, splinters{=2lf, 20l dimensiany, patch.dacter=1):
Diminishes the dimensions of the R0I to less-than-hundred numbers to

represent number of bounding boxes It West-East and North-South directioms.

xy= )
while x >= 100 or y >= 100:
=10
y=10

sehlay, splisters = (imt(x*patch.facton. mt(y *patch factan))

pinifares will be split into {iif gy spliterl0)) = (il yspliterz]l]} patches. You can adjust it by
Bassh.sasxan-)

return Sy splinety

def UL TbARR(sel, shape):

Uses Sentinel Hub BRoxSplitisxr to split the AOI to bounding boxes
intersecting Of being within the AQI.
The list of bounding boxes and information about them B retrieved.

bhox.splives.= BRossiplittes([shape]. sellces seliv.spliter)
#Abbox At = Bp.araNReR ARUER 28l RR0R HED)
o it - ho gl ot is0)

def get.patch.Bdf{zelf, sybsetpaich=None, save=False):

It creates a Gsplatabzaps fom patches according to the subset.

subset = 215 SRla DaChSURARNSRbSEADaC)

geometry = [Polygor(sbax 22 Solv2s0) for bbox i sl kbax listisubset])
888" (0ol 3. &) for info i slfiRf Jistisubsed]

wRLx= [lﬂfoi‘m.z'l for lﬂf" in szl Hst{subset])

88l sansxsweswak] = s8arpby(izmbdz row: Baicher 30lY (oW, S30MmESRSsRRoiL). 2xis=1)
wnedi - sl
i save: 2lSAe, BR1c0es. 25,2000

def selact patchosubsetiselt, ID):

Selects central patch ID and get alse IDs of those patches that surround the central
patch.

if ID is None:
return gRARRN([ID for ID in ranze(Rp(ieiSinielist)]
aux = [ids for s, [bhox, info] in eumennte(zip(self bbox Jist, selfinfr.lisd)
if (abs(infol jndsx. k] - 2iinf DI srdss. ] <= | and abs(infol jndsx. ] - il DI irdss.xD <= D

# Renumbering the patches



retum pRRRRARA/BR Qi un ARy aux) reshape(3, 3))) ravel()

@staticmethod
def get¥X(centroid):
Auxiliary method to get the centroid of each patch for attributing and map-making.
retum (CepRAK. CRatRIALY)
def get patch map(self, 394 save=False):
Auxiliary method to prnt an overview mi3p of phoxes of the A0I.

fiz. 3= plsubploty(figzize=(20. 20))
0Lplonas=2s)

def e patchespsshrlseld):
Saves a GaRRataksame, of =elected patches as an ESRI Shapefile.

path = £{zelf project folder}/patches{self.xy_splitters[0]}x{self . xy_splitters[1]}'

gdf_to_save.to_file(f{path}/patches{zlf xy splitters[0]}x{self.xy_splitters[1]} .shp', driver="ESRI Shapefile’)

Figure S4. The aoi.py module source code



# Native Python libraries

import g3,

import datetime

from copIeIIud: IMport CONSTINARASES
: 26}

import re

# Non-native libranies

Import UK 25 Bp

import matplotlib 2s gpl,

import GARRISIR PRI, 22 Bt
import pandas 25 pd

import geppaRdas 2: gpd

from £hapely.2e0mety. import Polygon, box
from 1Qdgs import 1R4%

import gda)

from septinglsat import SeptineldRL
import RYEAR

: >

mm"’"m_ Affine, )] £l
from RSteriQ.LANmS import Resampling
from RSteRiQ. ik smport skow

from RERiQUARK mport mask

# gocleam + ynUpallol libraries

from goleama.sxe import EQTask, EQRch. EQRxauter. LivessWoskfinw. SeatureTyne. QuanaieRenvissinr. Loadbombisk.
SaveTolusk. Saelask

from eolearn io import S2L1CWCSInput, Expudeif

from goleamamask import AQSCIoniM ATk, get_s2_pixel_cloud_detector, AJNANIRANNAKTA%

from goleatn.zaomeny. import VecsorToRaser. PointSemplingTask. BrosicaTask

from ggleatefeatures import Linearloterpalation. SimpleFiltexTask

from septinaliuk import BRosSRUMes BROS. CRS, CruamliuRamm

class S2L2AImages:

A class to get Sentinel-2 L2A images.

For now, this class can oaly obtain images for patches under 2 single Sentinel-2 scene,
under 2 single UTM zone and where L2A coverage is available. The script does not mosaic
automatically.

Gets total bounding box of selected patches for downloading S2L2A images
through geatinglsat APL Only 2djacent or very close patches shonld can be chosen for now.

wUbbox = box(* seiiDatch. S0 EPS G-4326)). zeqpaetnidotalunds)
retumm 2ULEheK,

def get avallablel=elf. esaacliub ssedennizle(usemame’, ‘password), date iange=(20190620/, 201806279,
cloadeoy=(0. 100)):



According to the user-specified parameters, available Sentinel-2 L2A images are obtained from Sgpgigelsan APL

assert 3el{bbox '= None, Bhos.for patches is empty. Use self.2et satches bhax to obtain one.'
£ 201~ SeatiRelARI(" L b adessials)
RIDNRIUETS = AR AR (selibbox

2

BLOSuRpe='S2MSI2A)
assert not 2l praduets = None, There were no eptingliat 354 or 2vailable images found'
wif availahle = slf 2pi to_geodataframe(self products) sort_values(by='ingestiondate)
return elizziakle

def select(sel, selected=None):

Selects desired images by date. For example, if we do not want the whole time series but some partiias daes

if selected:
condition = yelfavailaklel Reestiondats ] 2pply(lambda X GRURTie ARSI STRRTELR, %6 ¥-Yemm- %)) isjplselected)
elf dowmloaded append(self available[condition]) sort_values(by='ingestiondate’)

else:
wildonmioaded = sellzvziiakle

return selfdonvaloaded

def download(self):

assert not RLavaUahle.aRpsy, There were 00 RRURRIELR O available images found’
wicamaleaded anph el donvaload aus, axis=1)

def Gopmload ausleelt. agexen):
Augxiliary method that controls if the zip file already exists. If not, it downlo2ds 2 uingle-imaze
ZRGIS 2nd moves on to the next one as this method is invoked by $2l{3onolesd.-> RARFReAB0l

ZR.Sle = image e 0]+ zip'
if not g5 pathsdin(zin, fle):
wilantdannloadimaza.cendd ). drastonnih=selisathio doniosd)

252 CRURITRHEQTaK):
"

A class that prepares Sentinel-2 images to further work in the pipeline.

# Bands in the original Sentinel-2 Zinfile (SAFE file) are Zrounpad by geometric resolutions

# Within these groups, they are not ordered by the band mumber

# BAND_ORDER is 2 hash table for ordering the bands by band number later in the process and storing
# the hash information to the META_DATA

BAND_ORDER = gpagax([2.1.0.6.3.4.5,7.8.9])

BAND_NAMES = gpagai[B4, B3, B2, BS', BS, B, BT, BSA', B1l', BI12)

def (ool § T ) .
wiuage: = wases.sd



TR A
RO IRDUL 03008, = CUSIORLARDRLRIRE

def executelsel, **iREs):
Mandatory EQTask method, orchestrator for the Sentinel-2 imagery processing, using the methods below.
# Initializing 2 new EQPaCH
€Q21ch.= BQR2ICH)
# Processing S2L2A data and CLM
bavdats = sellimagasanplx(lambda row: seliprocessbapsds( " seliload bapsls(row). Ewares 2es(paich bins)). axis=1)

# Adding new features to EQRxch.

# Besides bands (BANDS) and cloud mask (CLM), the respective bounding box and image timestamps are added.

# Meta-information about the band name and its resulting order number are also attached

MWBANDS'] SRR aR e k(band s RN ). (0.2.3.1))
€QD2IchRbex = BRosbvRREs 2at( Batkbbar). ca=CRS UTM_33N)

CODIICHRTATAIR = selfset amagesdatas)
eQpatchumazIRie = (bensasder for band, order in Zip{CRupmIspBANRLNAMES, CusorinpuBAVRLQRRER)}
return gopNich

def ipad, bopis{:elf, row):

Loads 10m and 20m Sentinel-2 bands without unzipping the file
TR.Rame = tanf 0} zip'

#Load S2A zZpfile as 2 GDAL Dataset
S2L2A_image = gdal Qpen(0s A oinselineth o mnses Zin.osme)

# Retrieving the S2A's ybdigsets, (band groups)
D210m, 12!2.0?' 2%%1][01
del S2L2A_image
retumn 2al0m, 12220m
def prncess ssadssel, L2l 0m, 1220m. U pish)
Processes 10m and 20m bands using BandOnessions class-interface (further down below) 2nd GRuteri MemowmEiles.

retun 3R.concaserate((ten, twenty), axis=0)[CRuomiupt BANRLORRER. ]
def get magei.Aatesel):
Augxiliary function to get image timestamps from their metadata. Ingestion data is used for the timeatamp.

— — -



class AARRHEQTN):
A class to retrieve, process and assign a SCL-based mask to all imagery within EQPasches,
def _jnig__(self, imagas.zdf pathio imazes Baveaemes'CLN):
2 3 it
REDIRARARARR = L
RUERAKIIRE. = TRVLDNE.
def executelself, sopasch. * *kIRKEY:
clws = sellimagasapplytambda row: seif process cmlseliload slayrow). kpaiesai Batch bia)). axis=1)
SQDRLCIIAK Ak Ba5a2] = DRXSIRTN(CIRSARRURBND) . BREEDATE]
retumn gopRich.
def inad chnfself, row):
Loads SCL using GDAL gsizip, Virtual File.

This could be gipyilar so loading bands, however, GDAL v2 4.3 Sentinel-2 drivers do not have the capability to load SCL 23 2 53bdataset,
This is resolved in GDAL v3.1.0, which could not be easily mnstalled to the server due to dependency issues.

TRA3E = ran0]+ zip'
2= ziofleZinkle( b doinlseliout - A )
slapath = ({flename for £in zz.flelist if LAlename Snd(SCL_20m’) >=0](0]
assert len(sclpathy!= 1, ‘Unexpected behaviour of the Sentinel-2 image ZinGle when trying to load SCL.'
k2
return 1
def procesiuclmdself il cipraeh):
Processes SCL in 2 similar fashion as process beniis method processes bands,

Auxiliary class-interface for operations with Sentinel-2 bands and SCL layer.

# Predetermined reclassification structure for the SCL layer (Bagiepaetal 2019)
SCL_RECLASS = {

1t

b Y

8: False,



0: Fake,

10 False,

11: Trae
H

(@ comteRimanageT
def upsralefraster, gracale. fackr=1)

Upacales Sentinel-2 20m bands to 10 m pixel size.

£ IR,

#Besrale the metadata

travzform = Affineity upecale Joen vh 15 UR U5 wpsRaletERn 1)
beight = gzaprlaizht * upscale. Ronr

widrh = srararnvidts © gpeszledRnnr

profile = msten pondle

prefle ppdateiran:form=transform, driver="[if. beight=heizht, width=width)

#Besample data to target shape
data = gaaerreadl

with Memanfilel s mamfls
with mamGlsanen* - profile) 2s dataset:
dzimaatamieidate)
del dara
with memilepnenl) 2: datset:
yield dataset

{@comextmanagar
daf glip b patchiraster, Clin Taick):

"

Clips a 2t of bands by the respective EQPaichs bounding bax

oULime, sk SrAnsi. = mack(raster, shapes=[clip. patrk]. crop=Trus)

profile = @gerpndle

prefile apdateransform=gn; fransfing, driver="CTiF, heizht=gut ime shang[ 1], widt=oud ime shapa[ 2T

with Memanfilel s mamfls
with memfle pnenl* *profile) a= dataset:
; .
del it e
with memilepnenl) 2: datset:
yield dataset

def el dnashizel)

Beeclaszifies SCL to a cloud mask.
Mo-data pizels, thus those places where Sentinel- scene is not caphared, are added to the mask.




Custom BTk that caloulates a nser-chosen derivate product (index or similar).
The band plachplders must be called the same name as foumd in EQPach mela inin.

#Fegex expressions to check whether the user-specified ggufipg contzins allowed features {bands)
ALLOWED _BANDE =g campmile(r [BI L1121 2HEIEATEI234I26| TIBILLI
FALSE_BANDS = g oappile(r [B] ="\ R dpBI ") [T} T dNBE]10")

def _ inig —C=elf, depivat rams, equation):
SRl AsTmie. name = deTiile . name
saifeguatinn = equation
sl eaaed. feanws: = serlre Andali TR rainc . aLLOWEDLEANRE, il eauatinn)

def Check. runation 1Ty

Checks if the egoation containg comect features.

3 Z - SR AR
umm}ﬂ Tharea:e mm.hdurnu band feature: in the equation’

aszart |pp(disallowed) == 0, Bands 1, 0, 10 are not applicable at this peint’

d=f e SRRk AL LariAR AL, DA Amewa):

Egntracts feature names o create the variable-like strings that the Python eval method recognizes
and processes.

S s riahles = Latimap(lanbda band: Sapd.amea[ " band -7, Bandoameys kel
return dicnzipdand. Ao ke, Ramesaiserables)
d=f rpapalate. equatinniself, Saamre raniaklesy

Creates 2 new egquation for the Python eval fimction where nser-specified band names ave eprhanged
for variable-like names.

BEI.aatian = SelFeauating
for band, variable in faiue tariahisiems:
BEVLEONANGD. = BEnSauatinn Teplare band, variahle)
TENIT DEPE BOUEAY.
def egarutelself, sppajchl:
# Checking equation
seif.chack. sanatiand

# Refrieving the rizht bands with the help of meta info FpaureTone mapping, wsing extracted bands from the equation
bapdoameys = (bavdeorachdan BAMDEL . sopaschomsmaiafpband]] for band in self exmpcred Soatunsst

= S}'n‘lheumgusar mauﬁzd Eqmtlmlhmdmma with variables I:D{D]'.[Efﬂ} index the bandAREys amay

# Evaluating the new equation where band names are variable-like strings to retrieve gemine band amays
et R dect = evalinap. sanation)

# Saving multi-imagze featare to BOPxch.
enpatchAvalsafderinnre nams] = derinutpanmnduet - bR.neMARE]

refon gapaieh.

class MaskValidating:



wn

Yaidatinm of each SCT. mask If the there are more than a threshold of False pigels, it is removed. Adapted from the method of Lyhe]
{2019}
def g _(=elf, thrashold):
sl thrzahald = threshold

def _ call _(self, mazk):

Feturn if non-walid pixels constitote less than threshold.
valid = npCounl BRRERR mack) | gp 2izp mask)
renurn {1 - valid) < salifrsskald

class NanBamaErE Tk

m

An agmliary class to remove Man valoes from sampled data

m

def exerutes=1f, appaichl:

Grets all mnique nan indices within MumPy array of sampled features.

o ndices =11
for timefams m features:
ldeEE! mmmmme[ [, band ) for band in range(11}]

A class that reduces the last dimenzions of the merged-feature time frames and class labels to prepare them for the Soikit-learn estimator

m

def _inip__(self, eopaches, patoh,ids. feamres=FEATURES _SAMPLED', classes=LULCY):
seifeanaiches = sopaiches



I
R e = features
SRk Cinsses. = classes

def mpnan. fRAnp zell):

Stacks sampled featares from E{jPaiches on the top =ach other

Llist =T\l conatchesnid] datalzali fanmes] for pid in self patch.dds]
merged =[]
for § in ramge{lenlE st
T, p. w, b = L )jstfil shapa
maEed apnend(L 1] reshape(px, 1B
TefUrn B canEMenate merged)

tlEE il ol DT

Stacks LULC labels from EQPatches on the top each other.

refurn oo concateratedTz21f sopatches[pid] maszk_timeless[=21f classes][.., 0, 0] for pid o self patch, dd=T)
def _ call  (self):

# Creating a single vector of pixels and labels in the correct order

wsrarfRatirRs = sRkhmaraR. AR

mamaadlrane: = wilmamaaaciaal

refurn etEat.faates merEsduclies

Figure S5. The pipeline.py source code



[ ): # Custom modules
from aoi import Project, AOI, Patcher
from eolearn_datafill import S2L2AImages, CustomInput, AddMask, DerivateProduct,,
~MaskValidation, EstimatorParser

# Scikit-learn ¢+ LightGBN

import lightgbm as 1lgb
from sklearn import metrics

# eo-learn + sentinelhud

from eolearn.core import EOTask, EOPatch, EOExecutor, LinearWorkflow,
~.FeatureType, OverwritePermission, SaveTask, MergeFeatureTask

from eolearn.features import LinearInterpolation, SimpleFilterTask, PredictPatch

from eolearn.geometry import VectorToRaster, PointSamplingTask, ErosionTask

from eolearn.io import ExportToTiff

from sentinelhud import CRS

[ ): project = Project('jihozapad_brna')

# Choose study area: must de a geojson or a shapefile of
#a single feautre, which is a polygon of AOI.

aoi = AOI('basedata/j=k_aoi.geojson', crs=CRS.UTM_33N)
a0i.convert_desired _CRS()

print(aoi)

# Splitting the area of interest.

patcher = Patcher(project)
patcher.get_xy_splitters(aoi.dimensions, patch_factor=1)
patcher.split_bboxes(aoi.shape)

# Create a GeoDataFrame of patches made according to the splitters and centraly
wpatch selection.

# Initial patch can de selected by subset_patch.

patcher.get_patch_gdf (subset_patch=54, save=False)

patcher.get_patch_map(aoi.gdf)

[ ): # Pre-processing cadastre reference map

# Loading this file takes around 3 minutes
LC = gpd.read_file('cadastre_south_moravian_region.shp')

# Copying dataset for modifications
land_cover = LC.copy()

# Reclassifying the information classes
reclassify = {



£33

[ 2

14: 0,
}
land_cover[‘'druh_pozem'] = land_cover['druh_pozem'].map(reclassify) # Note:,
~druk_pozem = lulc type on the estate

# Masking invalid geometiries from the cadastre dataset
mask = (land_cover('geometry']!="'shapely.geometry.polygon.Polygon*)
land_cover = land_cover [mask]

# Adding roads to built-up areas
land_cover.loc[land_cover.zpusob_vyu.isin([15,16,18]), 'drub_pozem'] = 8

# Removing class 0: no-data/other surfaces
land_cover = land_cover [land_cover ['druh_pozem']!=0]

# OQbtaining available Sentinel-2 L24 images and retrieving their metadata
images = S2L2AImages(patcher.gdf, project.FOLDER)
images.get_patches_bbox()
images.get_available(esa_sci_hub_credentials = ('username', 'password'), #,
~+Credentials to Copernicus Open Access Hub must be supplied
date_range=('20190301', '20191130'), # Dowmload range
cloudcov=(0, 60)) # Cloud coverage restriction

# The possibility to select concrete images from the range
images.select() # No arguments means doumload all available

# Doumload images
images.download()

# NOT IN THE EXAMPLE USAGE EXPERIMENT
# Custom EOTask DerivateProduct for computing derivete products
# Now it statically takes BANDS
ndvi = DerivateProduct('NDVI', # Derivate product name
*(B4-B8)/(B4+B8)"' # Computing formula
)



[

# Desining the workflow to amend and process Sentinel-2, cadastre dafa
# gnd to almost prepare them for the classification

# Custom EOTask for adding and parsing deumloaded images.
custom32L2A = CustomInput(images_gdf=images downloaded, # Dounlsaded images,
~dataframe
path_to_images=project .FOLDER, # Path to doumloaded,
—images
custom_input_name='BANDS') # Fey name of input data ing
—EfPatches

# Custom E0Task for adding a mask from Sentinel-2 L34 20m Scene Classification,
wlLayer (SCL)
# that iz clipped and resampled to 10 m
addmask = AddMask(images_gdf-images.dowvnloaded,
path_to_images=project.FOLDER,
mask_name='SCL_MASK")

¥ Original es-learn EQTesk for rasterizing cedastre LULC map
# and adding if to Featurelype.mask_ timeless[ LULC']
lulc_rasterization = VectorToRaster(
land_cover, & Land cower GeslataFrame
(Faatu:aﬂpn.MSK_TIHELEﬂS. 'LULGC"), # FeatureType and mame of the feature,
—to save to E0Patches
values_column="druh_pozes', # CGeelataFrame colusm fo be used as a rastery
—value
raster_shape=(FeatureType MASK, 'SCL_MASK'), # Make land cover to have same,
wdimensions and cell size as SCL NASK
raster_dtype=np.dtype{np.uintB)} # NumPy array defe type = unsigned & bif,
—integer (meaningful for cadastre data)
)

& Original eo-learn EQTask for merging date along the band dimension
merging = MergeFeaturaeTask({FeaturaTypa .DATA: ['BANDS', °"NDVI']}, # Features fo,
—merge
(FeatureType.DATA, 'FEATURES') # FeatureType and name,
—of the feature teo save o E0Paiches

’

# Falidation, according te the SCL mask
valid_data = MaskValidation{0.1) # Mazimum threshold (10 ¥) of False pizels

# Original es-learn for fillering images accerding to the MaskValidation
filtering = SimpleFilterTask((FeatureType MASK, 'SCL_MASK'), # FeatureType and,
—mame of the feature to save fo E0Fatfches



valid_data # CLNValidation results
)

# Original co-learn for merging data along the band dimension
interpolation = LinearInterpolation(
'FEATURES', # FeaturelType data to bde interpolated
copy_features=[
(FeatureType .MASK_TIMELESS, 'LULC'),
(FeatureType . META_INFO)
), # Preserving some features in EOPatches
mask_feature~ (FeatureType .MASK, 'SCL_MASK'), # Masking data with the,
wrespective CLNs
resample_range=('2019-03-30', # First date of arbitrary range
'2019-10-18', # Last date of arbitrary range
10 # Interpolation step in days
)
)

# Sampling pizels from patches for the estimator
spatial_sampling = PointSamplingTask(
n_samples=50000, # Number of pizels to sample from each band in each time,
~frame in each EOPatch
ref_mask_feature='LULC', # Reference map (e.g. cadastre reference map)
ref_labels=list(range(1,9)), # Unigue information class labels from the.
s:reference map
sample_features=[ # Specify which fields to sample
(FeatureType .DATA, 'FEATURES'),
(FeatureType . MASK_TIMELESS, 'LULC')
D

# Custom EOTask for removing no-date (Nans) from sampled pirels
nrm = NanRemover(sampled_feature_name='FEATURES',
sampled_lulc_name='LULC_SAMPLED'
)

# Original eo-learn E0Task for saving EOPatches as npy files to disk
save = SaveTask(project.FOLDER, overwrite_permission=OverwritePermission.
.OVERWRITE_PATCH)

[ ): # Instantiating EOWorkflow
workflow = LinearWorkflow(

customS2L2A,
addmask,
ndvi,
ndwi,
ndbi,
lulc_rasterization,



merging,
filtering,
interpolation,
lulc_erosion,
spatial _sampling,
nrm »

save

)

[ 1: # External parameters of the workflow
execution_args = patcher.gdf.apply(lambda row: {

customS2L2A: {'patch_bbox‘: row(3]}, # row[3] = Patcher DataFrame,

wposition of bounding boxr colwm
addmask: {'patch_bbox': row(3]},
save: {'eopatch_folder': f'eopatch{row(2]}'} # rowf2] = Patchen,

.DataFrame position of bounding box ID colum

}, axis=1).to_list()

# Instantiating E0Fzecutor
executor = EQExecutor(workflow, # The workflow defined above
execution_args, # External ezecution arguments to feed to,
+E0Tasks
save_logs~True, # Save detailed logs about what 18,
~happening
logs_folder=-project.FOLDER)

# Running the workflow
executor .run(workers=9) # Specify multiprocessing division to CPU threads
executor .make_report() # Nake an HTNL report

[ J: # Looding E0Patches and feeding them to EstimatorParser class to get
# the feature vectors and information class labels
eopatches = np.array([EOPatch.load(os.path.join(project FOLDER, f'eopatch{il}'),.
lazy_loading=True) for i in range(9)])

# Reducing feature space of training data

parse_training data = EstimatorParser(eopatches, # Feed E0Patches
patch_ids~(7,3,5,8,0), # Which EOPatches
features='FEATURES_SAMPLED', # Which features to reduce
classes*'LULC_SAMPLED') # LULC to reduce

# Reducting feature space of testing data

parse_testing _data - EstimatorParser(eopatches,
patch_ids=(6,1,2,4],
features~'FEATURES_SAMPLED',
classes='LULC_SAMPLED')



train_features, train_classes = parse_training_data()
test_features, test_classes - parse_testing data()

[ 1: # Adapted from Ludej (2019a, 2019%), eo-learn (2018)
#Set up training classes
labels_unique = np.unique(train_classes)

# LightGBN model with default parametres

model = 1gb.LGBMClassifier(
objective='multiclassova',
num_class=len(labels_unique),
metric~'multi_logloss',
randoma_state = 10

)

# Train the model
model . fit(train_features, train_classes)

# Testing the trained model on test features
prediction_test_set = model, predict(features_test)

# Obtaining pizel confuston matrix from predicted test samples and
# corresponding (but ground truth) test classes
confusion_matrix = metrics.confusion matrix(prediction_test_set, test_classes)

[ ): # Showcase of predicting an EOPatch
predict = PredictPatch(model, feature_name='PREDICTED_LULC')
eopatch_predicted = PredictPatch.execute(eopatch)

# Original EOTask for exporting predicted LULC to GEoTiff

export_tiff = ExportToTiff ((FeatureType. MASK_TIMELESS, 'PREDICTED_LULC'),,
filename='predictod_copatchl.tiff')

export_tiff . execute(eopatch_predicted)

Figure S6. Jupyter Notebook with the implementation applied to the example usage experiment



