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Introduction

Crop yields play a vital role in agriculture development in the world,
so it is necessary to accurately estimate crop yields before harvest
to allow crop yield management decision-making.

In the past several decades, increasing demand for agricultural
products and a desire for a higher rate of profit have led to
tremendous changes in traditional agriculture.

Pesticides, machinery, irrigation technology, new high-yielding
varieties, and new field crop management methods have been
proposed to meet agricultural production needs in different
countries and regions.

To ensure optimum crop yields, many scholars have begun to study
the relationship between crop growth and growth environment and
to propose crop models to simulate crop growth status.



Solution — Precision Agriculture

Sensing for Precision Ag

Precision Agriculture is about optimizing returns on inputs while preserving resources

PA is a farming Management concept based on Sensing, Measuring and Assessment
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HIGH-TECH TOOLS FOR SITE-SPECIFIC CROP NUTRIENT MANAGEMENT
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Geoinformatics -

an essential tool for precision agriculture

Geoinformatics — has been described as "the science and
technology dealing with the structure and character of spatial
information, its capture, its classification and qualification, its
storage, processing, portrayal and dissemination, including the
infrastructure necessary to secure optimal use of this information”
or "the art, science or technology dealing with the acquisition,
storage, processing production, presentation and dissemination of
geoinformation".



e Geographic Information Systems (GIS) — is a system
designed to capture, store, manipulate, analyze, manage,
and present spatial or geographic data.

* Remote sensing (RS) - Is the way of following up the
information about land cover with using images from bird’s
perspective. It uses electromagnetic waves in one or more
intervals of electromagnetic spectrum. This radiance is
reflected or emitted from land cover (Cambell 1996).



FUTU RE F ARMS SURVEY DRONES FLEET OF AGRIBOTS
appIng weeds,yild and soll Ahard of speclulsed aprioots tand

variation. This enables precise harvesting. Robots capable of

application of inputs, mapping microdot application of fertiliser
S ' ' I a a n S l I I a r spread of perniclous weed reduce fertiliser cost by 99.9%,
blackgrass could increasing

Wheat yields by 2-5%.

FARMING DATA K B 2

The farm generates vast quantities
of rich and varied data. This is stored

in the cloud, Data can be used as -
digital evidence reducing time spent ,' “. a
completing grant applications or ‘m'b

carrying out farm Inspections saving
on average £5,500 per farm per year.

TEXTING COWS

Sensors attached to livestock
allowing monitoring of animal
health and wellbeing. They can
send toxts to alert farmers when

a cow goes into labour or develops
Infection Iincreasing herd survival
and increasing milk yields by 10%.

o
SMART TRACTORS %

GPS controlled steering and

optimised route planning B
reduces soll erosion,

saving fuel costs by 10%.




Sources of Data

Satellite Surveying
[(Global Positioning Systems GPS)

Indirect (secondary)
Data Capture
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What is raster data?

Raster consists of a matrix of cells (or pixels) organized into rows
and columns (or a grid) where each cell contains a value
representing information, such as temperature. Rasters are digital
aerial photographs, imagery from satellites, digital pictures, or
even scanned maps.




What is vector data?

A representation of the world using points, lines, and polygons.
Vector models are useful for storing data that has discrete
boundaries, such as country borders, land parcels, and streets.
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The raster view of the world Happy Valley spatial entities The vector view of the world
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Spatial Soil Information System

Spatial Soil Inference Soil Inference
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APPLICATION OF GEOINFORMATICS

examples of practical usage
in crop growth monitoring



1. AGRICULTURE

Classification of croplands, validation of vegetation’s health
Estimations of yield

Improvement of crop yield production and its quality
Quality and degradation of soil, soil erosion

Validation of agriculture management

Validation of pastoral farming and irrigational systems
Influence of dryness on crop
Crop models

Precision agriculture




2. LAND COVER, LAND USE MAPPING

LAND COVER - everything what sensors are able to detect

LAND USE — the purpose of soil what it serves —in farm management

Land-USE vs, Land-COVER
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Geoinformatics in agriculture

Basic trends in the use of geoinformatics in agriculture
Generally divided to:

1.

2.

Monitoring of production conditions (navigation, agriculture machines
- row data and their conversion/processing)

Site-specific zones modelling (crop models, topography attributes)
Remote Sensing in Agriculture (satellite images, UAV...)



1. Monitoring of production conditions

SWs and APPLICATIONS USED FOR DATA
COLLECTING and PROCESSING

* Access data - downloading
* Editing possibility /Export and Manage data
* Viewer only



LPIS — Public Land Register - eAGRI — Ministry of Agriculture of the Czech Republic

http://eagri.cz/public/app/lpisext/Ipis/verejny2/plpis/

Vefejny registr pidy - LPIS
HY ortofotomapa
@ ¥ padni bloky
5/ pily padnich blokd
¥ Grverce
2 Dle stavu
V' Rozpracované
V' Navrhy
® Navehy < datem dBnnceti
v Schvdlens
? Zamitouts
v Udinné
, Historické
® znizens
¥ Zbytkové plochy
¥ Popisné ddaje - rozpracov
® Popisné ddaje - GEinné
B ¥ osizens plocha vinic
@ ¥ amo
Y ew

¥ Provozovny

B & &

?Kﬂhsh'

@

¥ potace

ER ST

B ¥ staré enviro

¥ Nové Enviro

¥ Vhodnost k ztr.

? oso

¥ Vhodnost k zatr. bSO

9 Vhodnost k zalesnéni
H ¥ Zikaz zmény T (ECP)
¥ Zméngns T (ZMT)
2 ¥ era

B ¥ Fivotni prostiedi

B ¥ vinice

'/ Podkladové vrstvy

5711

o

15101/3}

701/188

4701/2) 37051

2005/14

Informacni panel »
2 Export dat [ Pirucka
Vyhledavani

S

0P8 || EVP || 8| | Obec || K || Okres || Gtverec || Parcela || LV || Provozovna |

Ctverec:

Zkraceny kéd:

Stav: Géinny v

Vyhledat
Nalezené DPB
3702/1)
Ctverec Ziriceny kéd. Stav Ue.od Uedo
% 1370601
| 1 | stana 20 /| | &2 Zadné ziznamy nebyly nalezen|
211 6901/6 *

ST 0% 03
013} 2
4201/12 1310114} Bty

4201/14.

Podkladova data © CUizK

) 12.002017 |3

Zakladni || Podrobné || Historie || NS || Eroze || EVP |

Stav: U&inny

Rizeni: 17/4043/0130, AZV

Ucinnost od (§3g): 01.02.2017

Uéinnost od: 01.02.2017

Uinnost do:

UZivatel: Zemédélské druZstvo Vendoli (27617)
Vyméra (ha): 24,69

Kultura: standardni orna pida (R)

ReZim EZ/PO Konvenéni hospodareni

Pédni blok: 6901-0 (600-1090)

Uzemni piislugnost: Svitavy (HK)

Free Data
Sources

Open access
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http://eagri.cz/public/app/lpisext/lpis/verejny2/plpis/

http://www.uhul.cz/mapy-a-data/katalog-mapovych-informaci/
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Example from the Czech Republic


http://www.uhul.cz/mapy-a-data/katalog-mapovych-informaci/
http://www.vodavkrajine.cz/
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Geoportal VUMOP

Research Institute for Soil and Water Conservation

http://geoportal.vumop.cz/

Example from the Czech Republic



http://geoportal.vumop.cz/

Navigation systems

GNSS = Global Navigation Satellite System
 GPS NAVSTAR (created by USA)
 GLONASS (Russian Federation)

* G@Galileo (EU — European GNSS Agency — headquartered in
Prague)

The GPS project was launched by the U.S. Department of
Defense in 1973 for use by the United States military and
became fully operational in 1995.

It was allowed for civilian use in the 1980s.
GPS quality was degraded by the United States government,
this was discontinued in May 2000 by a law.



Information from agricultural machines

 Machines must be equipped with navigation.

e Data conversion — several brands — non-uniform
system — SWs for the managements of
agriculture companies - Spatial Management
System - SMS SW (AglLeader, AgrarOffice
(FarmFacts solution, Germany), PLM Viewer
(Trimble Ag Business Solution, Netherlands)

* Telematics - the technology of sending,
receiving and storing information using
telecommunication devices to control remote

objects.



mcoees Telematics



Information from agricultural machines

e Data affected by machine track (movement).
Data accuracy are affected:

* Field size
e System calibration

* Slope
* Data errors affected by driver (service)

» Data processing / map deriving —
geostatistics
* Cartography — instrument for visualisation



Agrar Office (AO)

e Software for the management of agricultural companies
* Farm Facts GmBH Solution

* Planning, control and analysis

* Field history and crop rotation

* Development of fertilisation plans

* Background and boundary maps of the field of all types
* Management of equipment, personnel and finance

http //www farmfact de
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Vector/raster maps — geostatistical analysis of the data sets
Tracking the field in a different angle of direction — technogenic compaction of the soil
—vyield decrease (especially on headlands due to heavy machinery).
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New trends — to suggest (to design with the help of GIS tools) a fixed routes for the machines
(Control Traffic Farming) in order to save the land and fuel costs.






TF Base Map TF Yield Map2016

Persistent Relative Fertility

-40% Average +40%

Higher TF Basemap values

= Higher sowing density Yield Maize 2016 [t/ha]




PLM Viewer (Trimble Ag Business Solution)

* Software for the management of agricultural companies.

http://www.newhollandplm.com/
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Spatial Management System (SMS)

* Software for the management of agricultural companies.
 Ag Leader Technology

e Basic / Advanced / Mobile

http://www.agleader.com/
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19,66 ha 12,78 % | 128,09 tonne | 6,515 tonne/ha | 23335 0 08.07.2019 18071107.cn1
Monitor | 561922026
Year | 2019
Physical Field | Pod stfediskem
Operation | Grain Harvest
Physical Product | Barley - Winter
Dataset | L0:19/07/09-10:38:42
Area Avg. Est. Weight Est. Yield GPS | Marks Date Cal GPS
Moisture (Wet) Mass (Dry) | Count | Count | Logged File File
8,857 ha 13,23 % 59,42 tonne | 6,708 tonne/ha | 9856 0 09.07.2019 19071107.cn1
Monitor | 581922026
Year | 2019
Physical Field | Karpaty
Operation | Grain Harvest
Physical Product | Barley - Winter
Dataset | 10:19/07/09-14:56:12
Area Avg. Est. Weight Est. Yield GPS | Marks Date Cal GPS
Moisture (Wet) Mass (Dry) | Count| Count | Logged File File
24,63 ha 12,46 % | 132,77 tonne | 5,391 tonne/ha | 23272 0 09.07.2019 19071107.cn1
Monitor | 581922026
Year | 2019
Physical Field | Za Velickou
Operation | Grain Harvest
Physical Product | Barley - Winter
Dataset | L0:19/07/10-14:10:20
Area Avg. Est. Weight Est. Yield GPS | Marks Date Ccal GPS
Moisture (wet) Mass (Dry) | Count| Count | Logged File File
3 7,554 ha 12,35% 41,85 tonne | 5,540 tonne/ha | 6854 0 10.07.2019 19071107.cn1
a8 Monitor | 581922026
| Year | 2019
Physical Field | Karpaty 2
Operation | Grain Harvest
Physical Product | Barley - Winter
Dataset | L0:19/07/10-16:37:53
Area Avg. Est. Weight Est. Yield GPS | Marks Date Cal GPS
Moisture (Wet) Mass (Dry) | Count| Count | Logged File File
13,95ha 13,13 % 85,09 tonne | 6,102 tonne/ha | 14971 0 10.07.2019 19071107.cn1
N {4 r \ General A Properties )\ Linked Items )\ Assodiated )\ Dataset Values f

WGS 84 :UTM zone 33N

SW interface



Supposted formats

Ag Leader Technology® Ag Leader Integra/Versa/Compass/ InCommand (*.agdata) Ag Leader
Integra/Versa/Compass/ InCommand (*.agsetup) Ag Leader® Integra/InSight/Edge Boundary (*.iby) Ag Leader
Integra/InSight/Edge  Guidance (*.pat) Ag Leader Integra/InSight/Edge Log (*.ilf) Ag Leader Integra/InSight/Edge
Prescription (*.irx) EZ-Guide 250/500 (*.shp) EZ-Guide Plus (*.fld) PF 3000/PFAdvantage/YM 2000 (*.yld) PF
Boundary (*.bdy) PF Navigation (*.pfn) PFL — Cotton (*.pfl) TGT Prescription (*.tgt) AGCO FieldStar Il/Falcon
VT/Task Controller (TaskData.xml) Falcon Log (*.rpt) Falcon Prescription (*.tif) » Fieldstar » AutoFarm A5 System
(*.sqglite) A5 System (*dbmain.db) Ag Leader Integra/Edge Boundary (*.iby) Ag Leader Integra/Edge Guidance
Pattern (*.pat) Ag Leader Integra/Edge Log (*.ilf) Ag Leader Integra /Edge Prescription (*.irx) Ag Leader
Integra/Versa (*.agdata) Ag Leader Integra/Versa (*.agsetup) Case IH AFS Harvest (*.yld) AFS Planting and Seeding
(*.ens) Agri Check ADX Air System (*.log) EZ-Guide Plus (*.fld) FM-750/FM-1000/FMD/EZ-Guide  250/500 (*.shp)
Remote Data Logger (*.shp) Universal Display/UD Plus (*.vyg) AFS200/AFS300/AFS Pro600/AFS Pro700 (*.vy1)
CLAAS CEBIS (*.dat) CEBIS Il/Task Controller (TaskData.xml) Evrard Evrard Integra/Versa (*.agdata) Evrard
Integra/Versa (*.agsetup) Flexi-Coil FlexControl System (*.log) Gradient Gradient Intellislope File (*.xml) HARDI HC
9500 Boundary (*.iby)

(HARDI continued)... HC 9500 Guidance Pattern (*.pat) HC 9500 Log (*.ilf) HC 9500 Prescription (*.irx) HC
9600/9500/8600/8500 (*.agdata) HC 9600/9500/8600/8500 (*.agsetup) Hemisphere GPS Air M3 & Outback
360/STS/S3 (*.log) Air M3 & Outback 360/STS/S3 Template (*.tmp) ISO11783 Displays 1SO11783 Task Controller
(TaskData.xml) ISO11783 Display- Type 1 (TaskData.xml) » 1ISO11783 Display- Type 2 (TaskData.xml) » Kverneland
Tellus (TaskData.xml) » Mueller I1SO Displays (TaskData.xml) » John Deere Greenstar GSD (*.gsd) » Greenstar GSY
(*.gsy) » John Deere Greenstar 2 (*.ver) John Deere Greenstar 3 (*.ver) Kinze Vision Boundary (*.iby) Vision
Guidance Pattern (*.pat) Vision Prescription (*.irx) Vision/Cobalt Log (*.ilf) Mid-Tech Mid-Tech Boundary (*.bnd)
Mid-Tech General Mapping (*.gmf) Mid-Tech Guideline (*.gIln) Mid-Tech Record (*.rcd) Mid-Tech Prescription
(*.arm) » Miscellaneous Agri Check/FlexControl Tag (*.tag) New Holland EZ-Guide Plus (*.fld) FM-750/FM-
1000/FMD/EZ-Guide 250/500 (*.shp) FlexControl System (*.log) Harvest Log (*.log) Remote Data Logger (*.shp)
SP Planter (*.ens) Infoview/Intelliview (*.vyg) Intelliview II/Plus II/III/IV (*.vy1) YLD (*.yld) Precision Planting 20/20
Seed Sense (*.dat) Raven Viper/Viper Pro Log (*.RBIN) Viper Pro Prescriptions (*.shp) » Envizio Pro Prescriptions
(*.shp) » RDS Boundary (*.B??) Ceres 2/Hermes (*.0??) Pro Series/8000i/34i (*.x??) AgGPS 160 (*.shp) AgGPS 170

(*.shp)



Supported formats

Trimble AgGPS 70 RDL (*.shp) AgGPS EZ-Map (*.shp) EZ-Guide Plus (*.fld) CFX-
750/FMX/FMD/EZ Guide 250/500 (*.shp) Trimble Yield Data (TaskData.xml) Internet
Download Options Internet Imagery Soil Survey Data (U.S. Only) 3D Surface Files
(Advanced Only) Digital Elevation Model (*.dem) LIDAR Files (*.las) NED Elevation Model
(*.bil) SDTS Elevation Model (*.ddf) Images Graphic Interchange Format (*.gif) JPEG
(*.jpg,*.jpeg) JPEG 2000 (*.jpg2) MrSID (*.sid) Portable Network Graphics (*.png) Tagged
Image Format (*.tiff; *.tif) Windows Bitmap (*.bmp) Windows Metafile (*.wmf) Google
Spatial Files KML — Keyhole Markup (*.kml) » KMZ — Compressed KML (*.kmz) »
Management Item Files (Product Lists) Comma delimited text (*.csv) Dbase (*.dbf)
Management Setup File (*.msf) Tab delimited text (*.txt) MapIinfo MID/MIF File Maplinfo
(*.mif) Non-Spatial Files (Lab Results) CSV — Comma delimited (*.csv) Dbase File (*.dbf)
Text — Tab delimited (*.txt) Shapefiles Shapefile (*.shp) Text File CSV — Comma delimited
(*.csv) Dbase File (*.dbf) Text — Tab delimited (*.txt) TIGER Files Tiger Line (*.rt1) Tiger
Line County Subdivisions (*.rt7)



R
Sttt

St

e
e
el

Sampo 2075 - 2007

Point / polygon shapefile

Attribute table

John Deere — 2016

New Holland

- 2014

T

'/j

Table
ERAL AL
14_08_31-11_09 47
FID | Shape Region Elevation Distance Duration | Width | Heading | Timestamp | GPS_Qualit | Engine_Loa | Engine_Pow | Fuel_Econo | Fuel_Used | Moisture | Flow_Wheat | Engaged | Speed | Mass_Yield | Wet Yield Dry_Yield

3 0| Point 14/08/31-11:09:47 553.37 0.67 1 o 256 | 1409473034 1 43 o 5} 458 13.5 0.2 1 2.4 o o 0
1 |Point 14/08/31-11:08:47 553.28 0.52 1 89 256 | 1409478085 1 44 0 214 36 13.5 1 1 1.9 21608 22 22

2 |Point 14/08/31-11:09:47 553.3 0.44 1 89 250 | 1409473025 1 43 o 253 36 13.5 2.4 1 16 51287 6.1 6.1

3 |Point 14/08/31-11:08:47 0.5 1 89 260 | 1409478087 1 45 0 224 36 13.5 3.3 1 1.8 74157 7.4 7.4

4 |Point 14/08/31-11:09:47 0.53 1 89 260 | 1409473038 1 45 o 213 36 13.5 3.3 1 1.9 6996 7 7

5 |Paint 14/08/31-11:08:47 0.47 1 89 235| 1409478085 1 45 0 26.1 396 13.5 3 1 1.7 71718 7.2 7.2

5 | Point 14/08/31-11:09:47 0.5 1 89 226 | 1409473090 1 45 o 247 396 13.5 23 1 1.8 51685 52 52

7 | Point 14/08/31-11:09:47 0.5 1 89 251| 1409473081 1 45 0 247 396 13.5 1.4 1 1.8 31451 31 31

8 |Point 14/08/31-11:09:47 0.44 1 89 241 1409473092 1 45 o 278 396 13.5 1 1 16 25536 26 25

9 |Point 14/08/31-11:09:47 0.33 1 89 241| 1408478083 1 63 0 40.5 432 13.5 1 1 1.2 34048 34 3.4

10 | Point 14/08/31-11:09:47 017 1 89 230 1409473094 1 57 o 108.3 576 13.5 1 1 0.6 5609.4 66 66

11| Paint 14/08/31-11:09:47 0.11 1 89 230| 1409478085 1 59 0 151.8 54 13.5 1.3 1 0.4 132789 13.3 13.3

12 |Point 14/08/31-11:09:47 0.25 1 89 235| 1409473096 1 62 o 67.1 54 13.5 1.5 1 0.9 57418 6.7 6.7

13| Paint 14/08/31-11:09:47 0.06 1 89 235| 1408478087 1 52 0 306.4 54 13.5 1.9 1 0.2 35380.5 356 356

14 | Point 14/08/31-11:09:47 0.22 1 89 235| 1409473098 1 54 o 65.5 458 13.5 3.1 1 0.8 158325 15.8 15.8

15| Paint 14/08/31-11:09:47 0.55 1 89 224| 1408473089 1 52 0 265 458 13.5 48 1 2 9305.9 8.8 5.8

16 | Point 14/08/31-11:09:47 0.47 1 89 242 1409473100 1 54 o 30.9 458 13.5 6.1 1 1.7 145828 146 14.6

17 | Paint 14/08/31-11:09:47 0.36 1 89 213| 14089478101 1 50 0 40.2 458 13.5 6.1 1 1.3 19038.7 19 19

18 | Point 14/08/31-11:09:47 0.39 1 89 230 1409473102 1 50 o 376 458 13.5 5.8 1 1.4 16709.9 18.7 168.7

15| Paint 14/08/31-11:09:47 0.36 1 89 245| 14089478103 1 51 0 373 432 13.5 [ 1 1.3 187266 187 18.7

20| Point 14/08/31-11:09:47 0.53 1 89 286 | 1409473104 1 54 o 277 458 13.5 6.5 1 1.9 13779.9 13.8 13.8




Yield maps - visualisation - information

Yield 2004 (t/ha), winter rape

Yield 2007 (t/ha), winter barley Yield 2011 (t/ha), winter wheat
L[ - [T T .
03 2 3 4 5 741 11 4 10.1

\w

other track direction
Yield frequency map for cereals (%)

Yield 2012 (t/ha), winter rape Yield 2014 (t/ha), winter wheat e B8 g
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2. Site-specific zones modelling

Topografic attributes

Digital elevation model, digital surface model, slope model, flow
acumulation model (D8 a MFD8 algorithm, TWI), curvature and
aspect

Model accuracy depending on accuracy and number of input data

Data sources:

* Storages (USGS, national storages, cadastre
offices...)

 Web-services — ArcGlIS, QGIS

* Data from machines (elevation)

 Own data — UAV, GPS, RTK-GPS, Laser Scanning

e Useful combination with meteodata (especially
precipitation)



a) RTK-GPS

b) RTK-GPS Leica

a) RTK-GPS ! b) RTK-GPS Leica !
c) ALS data ! d) ALS1m data

N DEM [m a.s.l] N
I e A T e — o 100 200 00m Slope [%]
] o won mmee L Gy HEEE | @ TEs
bt i b R U A 0.01 1.7 34 43 55 7.7 11.6 16.7

b) RTK-GPS Leica
‘ b) RTK-GPS Leica

d) ALS1m data

c) ALS data

Flow accumulation D8

N N Flow accumulation MFD8
. 1o 2w e A low middle high p e TG . O A low middle high
r T T T T T T T 1 r ' T T T T T T 1



Yield frequency map - Yield of winter wheat, cultivar Ebi

Yield 2005
Yield; (%) (t.ha)
L 160.05 L 9.93
. 4357 \ W 208
T
0 50 100m
Yield 2011 Yield 2017
(t.ha?) (t.ha?)
— 0.59 — 0.35
Yield of winter wheat, cultivar Baletka Yield of spring wheat — two cultivars

- Seance in the upper part
- Astrid in the lower part



3. Remote Sensing

Satellite images, airborne images (or UAV), handheld
sensors (GreenSeeker...), sensors on machines (on the go
- Yara N-Sensor...)

Free data (Landsat, Sentinel)

Commercial data (QuickBird, WorldView, SPOT, ... )

Image processing (geometric, atmospheric correction),
,big data“ — mosaicking

Spectral indices (usability, purposes)
Spatial, spectral, temporal resolution




Platform — Sensor Combination

The eyes are watching. Satelite-based
Information gathering has been around since
-1 the early 1970s, but the information newer
satellites can gather offers quick access to
useful images throughout the growing season,

Pilot-controlled. Airplane-based
Information-gathering systems have
existed for some time, and new tools like
crop temperature measurement will add
vaklue to these services.

Remote-control monitoring.

Unmanned aerial vehicles are growing in
popularity and offer on-demand access to

sy capturing field Information; however, data |«—smuuns
processing can be a challenge for some,

It's a technology in its infancy, with new
software tools being developed.

Real-time measurement. On-the-ground
remote sensing tools like Greenseeker and
Optrx offer precision application information
for on-the-go adjustment.

Platforms with Sensor on board

GMS
(Geostationary Satellite)

LANDSAT, MOS,
SPOT

SPACE SHUTTLE

HIGH ALTITUDE
JETPLANE

LOW&MIDDLE
ALTITUDE AIRPLANE

GROUND TRUTH



EMR detectors according to their data acquisition characteristics:

Active Vs  passive

_ Radar Optical/electronic vs optical/photo-chemical

- Xeray (digital) (analog)

- Sonar - Multispectral scanner, Hyperspectral scanner
- Lidar - radiometer

Continnous vs intermittent

- Strip camera - Multispectral vs single

- camera array
- multi-lens system




Data access - Quick look

EO Browser

https://apps.sentinel-hub.com/eo-browser/

< 95EO Browser ;
ns

Q Search = Results ¢ Visualization

SENTINEL-2 L1C

< (@ SENTINEL HUD Playgroumd 4

Sentinel Playground

http://apps.sentinel-hub.com/sentinel-playground/



https://apps.sentinel-hub.com/eo-browser/
http://apps.sentinel-hub.com/sentinel-playground/

USGS — Earth Explorer
http://earthexplorer.usgs.gov

' FF ExthEphorer x 1o

€ e o0 > || 8- oo P-4 - B A -

achanging workd

9 Expires 11 159:36 C

o [ R

Clear Criteria

EarthExplorer

1. Enter Search Criteria
To narrowyour search area type in an addre:
nams, erter Cool o
search area (for advanced map tools, viewthe help
documertation), andior choose a date range.

= ravvon | o

(7616 67 WO 01 10°8

[ Conavaies T

© 1o coordinates seiected

SN resurconons

Sear

from: 01011220

Search manths: @) B

oz feartherchoer sz corbegster]

Copernicus Open Access Hub

Free sources

copemicuseu

esa opemicus

2 a

Copernicus Open Access Hub

B Vitavou

Display 1to 4 of 4 products. SelectAll O <7

Order By: Sensing Date 4

Request Done: ( footprint "Intersects(POLYGON((14.25408762568415
50.068582219625625,14.309860571600943
50.068582219625625,14.30986057 1600943

[EE 52A_MSIL2A_20170603T101031_N0205_R022_T33UVR_20170603T101

975519

joad U
Mission: Sentinel-2; Instrument: MSI: Sensing Date: 2017-06-03T10:10:31.026

[ IS 524 MSIL2A_20170531T100031_N0205_R122_T33UVR_20170531T100.

wnioad URL

& Mission Sentinet-2.

! Download

Mission: Seninet-2. inst
e
s

[EZ1 [ 22 _MSIL2A_20170521T100031_N0205_R122_T33UVR 201705217100

d
Sentinei-2: Insf

ment MSI: Sensing Date: 2017-03-21T10:00:31.026

3 close

page:| 1 |of1

https://scihub.copernicus.eu/dhus/#/home

- Cetnosice

Olena Voda

MO!

MO me

o1

Ricany



http://earthexplorer.usgs.gov/
https://scihub.copernicus.eu/dhus/#/home

Know How — Free vs. comercial SWs
for data processing

. F9 (1] L2A_T33UVR A010172_20170603T101026 - [D:ALPIS\S2A_MSIL2A_20170603T101031_N0205_R022_T33UVR _20170603T101026\52A_MSIL2A_20170603T101031_N0205_R022 T33UVR 20170603T101026SAFE\GRAN... — O X
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help [Q search (cul+D)

sBDE /4l Po o B N T TN W N I W P
—

* Comercial SW (ENVI, Idrisi, = ===
Agisoft Metashape,
Pix4Dmapper...)

e Sentinel 2 and Landsat images processing
* Basic editing tool for vector data
e Data conversion to GIS SW formats



* SW ArcGIS (ESRI) i

Data processing in GIS SW

& ArcCatalog - G:\Disk D_prace\Applied Geography_2016\Data\Anslysis\celstatrmax

Fie  Edit
e He x

View Go Geoprocessing Customize Windows

G/\Disk_D_prace\Apphed Geograptyy_2016\Deta \Anshysis\celstatmax

Help

QBRSO

3l Folder Connections
@ 300

@ 3 Di\Sloved Petr

# £ G:\Disk_C_prace\diskCprace
prace\diskCprace\PoleUMosty

* SW QGIS (open source)

= celimax_opthotspotanshp
Q| Cellstat_Ruzyne.mid
(2] cebtatemean pointshp

o ] celstatrmax

celstatrmax_ point shp

% @8 cestatrmesn

hacsreptamean.shp
8 ohscsrepmenn

3 ohscsripmeanshp

[ chscrepmesngroupshp

5 chscsrepmesnpolygon.shp
Piehied dat
Ruzyne2004_repka

Ruzyne

INOEOEODDE

BE

# & Toolboves
@ [ Database Servers
@ £ Database Connections
0 Gis Servers
A5 8Ad BerGiS Sarar

Raster and vector data processing

Data visualisation
Yield maps deriving

Frevew ArcToolbox

& ArcToolbox

o @ 30 Analyst Tools

3 @ Analysi Tools

4 @ Cartography Tools

5 @ Convession Taols

& @ Data interoperability Tools
5 @ Dats Management Tools
+ @ Editing Tooks

@ @ Geocoding Tools

4 @ Geostatistical Analyst Tools
@ @ Lineas Referencing Tooks
& @ Multidimension Tools

5 @ Network Anslyst Tools

5 @ Parcel Fabric Tools

5 @ Server Toos

5 @ Schematics Tools

& ©) Space Time Pattern Mining Tools
5 @ Spatial Analyst Tools

& @ Spatial Statitics Tools

5 @ Tracking Analyst Tools

Conterts

Descrption

Prevew

5548370,0549 M

Vector data editing — boundaries, application maps...

7 x




Properties of images (raster data)

The quality of remote sensing data consists of its
resolution:

1. Radiometric resolution
2. Spectral resolution
3. Spatial resolution

4. Temporal resolution



Temporal resolution (years)

Nominal spectral resolution
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Radiometric resolution

* |s a measure of the sensor’s ability to distinguish between
two objects of similar reflectance.

* |t can be thought of as defining the sensitivity of a sensor
to fine or subtle differences in captured EMR.

* |s given by the number of ,,just discriminable signal levels.
For digital imagery, it is indicated by the bit-range.



Radiometric resolution

8 bit 4 bit 2 bit
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Spectral resolution

* |s a measure of the specific wavelength intervals that a
sensor can record.

 For digital imagery, it corresponds to the number of
spectral bands and the range of sensitivity within each
band.

e Spectral resolution affects separability and identifiability of
the targets.



Spectral resolution

* The number of images created in MS mode

* The width of the interval of recorded wavelength

0.4um 0.7um

g8 |176]183] 180

Panchromatic image =%

e hid Blue+Green+Red

Visible spectrum

04 05 06 07

Multispectral image

Blue |[Green| Red

e.g. Landsat TM better spectral res.(7
bands) thanSPOT (3 bands)

Hyperspektralni snimky

Narrow bands

N0.1um




Panchromatic image
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Multispectral image
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Hyperspectral image

0.4um 1.0 15 2.0 2.5um




Multispectral image
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Spatial resolution

The size of a pixel
that is recorded in a
raster image.

L i
Loy

{33

Examples:
Satellite Pixel
METEOSAT 7 2,5-5 km
NOAA 17 1,1 km
QuickBird 2 0,65 m
LANDSAT 8 30 (15) m
SPOT 5 2,5(10) m

Res 104m Res 208m Sentlnel 2 10/20/60m



Platform — Sensor Combination

Increasing degree of resolution
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Central Spatial

wavelength | Bandwith | resolution
Band | Band (nm) (nm) (m) Objective
B1 443 20 60|Aerosol Correction
B2 490 65 10{Aerosol Correction, Land Measurement Band
B3 560 35 10|Land Measurement Band
B4 665 30 10{Land Measurement Band
B5 705 15 20(Land Measurement Band
B6 VNIR 740 15 20|Land Measurement Band
B7 783 20 20|Land Measurement Band
B3 842 115 10|Water Vapor Correction, Land Measurement Band
B8a 865 20 20|Water Vapor Correction, Land Measurement Band
B9 945 20 60|{Water Vapor Correction
B10 1380 20 60|Cirrus Detection
B11 SWIR 1610 90 20|Land Measurement Band
B12 2190 180 20|Aerosol Correction, Land Measurement Band

Sentinel 2
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Temporal resolution

Is @ measure of how often an area on the earth’s surface is
visited by the sensor.

In other word, it describes the periodicity (respective
character) of the sensor’s data acquisition capabilities over
a fixed target.

It is represented in terms of the amount of time (e.g. In
hours, days, etc.) between sensor visits to the same area.



Temporal resolution— the frequency with which
the system produces images of the same area :

Satellite Temp.res. Width of scene Pixel
METEOSAT 7 30 minutes polokoule 2,5-5 km
NOAA 17 12 hours 2600 km 1,1 km
QuickBird 2 2 — 4 days 11 km 0,65 m
LANDSAT 7 16 days 185 km 30 (15) m
SPOT 5 26 days 60 km 2,5(10) m

Sentinel 2 5 days 270 km 10/20/60 m



Sentinel-1 Constellation Observation Scenario: ‘“ sentinel-1

Revisit & Coverage Frequency
validity start: 05/2017
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Satellite images — last image from vegetation season vs. yield data
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Unmanned Aerial Vehicles (UAV) DATA
and THEIR APPLICATION




Definition:

A UAV is an aircraft which can flight without a human pilot and controlled by the
radio channel.
Multi rotors are the one type of UAVs, further which are classified into number of

rotors in their platform.

Different types of UAV models are (according to Mogili and Deepak, 2018):

Fixed wing - are entirely different in their design compare to multi rotors and aerodynamic
shape of two wings are gives an easy glide of UAV.

Single rotor helicopter - is a model has just one big sized rotor on top and one small sized
on the tail of the UAV.

Quad copter

Hexa copter

Octo copters - are multi-rotors that is lifted and propelled by four, six, eight rotors.




ParrotDiscoPro AG RF70 UAV | 3DR Aero-M 915 AgDrone UAS Ag-wing Trimble UX5

S S e

Phoenix 2 | L__DT26X survellance E384 Mapping Drone . Precisiontawk Lancaster
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Set the parameters of UAV flight — many possibilities



An example of set a mission in eMotion SW:

A}

Welcome

Postflight

3

—

Updater

NEW MISSION

Fullscreen Select drones

Your selection:

About eMotion

eMotion

eBee X

My Mission

senseFly
Parrot Group
LOAD MISSION FAVORITES RECENT
Select cameras A
Rapotin Pokus1

Your selection:

19062008 » [0 % 19051210 » [ %
Duet T
Sequoia
S.0.D.A.
S.0.D.A. 3D

Zvestov

19042811 » 0 %



* Set working area parameters

e
EDEL

v Working Area Parameters S0 O S
Radius: - 386 m -
Ceiling: 150 m/AED -

50.3213602° N +
13.6306204° E Q X

.
& Download map data 2 Y / \\\

~ Estimated Mission Wind . : i

v
Centre: Prid
-

Speed and direction: ¥ 1m/s @« ; AN\

A

Crosswind mapping blocks: ;i s Y N\

¥ Mission Weather o _,‘ 2 Working area \
2019-06-26 2019-06-27 “Chn; i N Radi 6 m

Ceiling: 150 m{AED

05:00 - =
08:00 - = = =
11:00 ¢33 33°C » 1m/s -
14:00 é 33°C 4 3m/s -
17:00 o 28°C 4 4m/s
20:00 é 23°C 4 4ms

4



* Set mission block, take-off and landing parameters

Steknik bio /B ¥ 0 x [UP - <9 Qe v ¢
M A 9 9 #

Steknik_bio > My block #1

02:57

2. 8 cm/px
ha

- 4 My block #1
Horzontal Mapping

Name: My block #1
Camera: S.0.D.A. 3D
Plan above: Take-off (ATO)

Resolution: v 2.80 cm/px
Lateral
overlap:
Longitudinal
overlap:

» Advancet

54 65 %
v 85 %
Area: 2.5 ha, 0.02 km?

Altitude: 119.0 m/ATO 5 . —
Number of photos: 66 )

Estimated flight time: 00:02:57

Estimated flight distance: 2014 m _ » 0
» More ’ :k
St [
/,

Show waypoints W £

Make default for new blocks
Reset progress )

Delete




* Drone simulator

- > 0 N v W
O 0 0 30T 0 Q @@l o

M~ e @il A @i

The drone fies first to Start, then to its mission, gStatus
then Home. It ako fiies Home if there is a problem. die
Keep the path to Start, from Start to mission and I
the path back to Home free of obstacles. Ready for take-off
~ Take-off S Aurtonomy,
Start #1 Battel Flight time  Home distance Link quality Estimated wind
P | Fedwingiakeoff 7Sm/ATO b g oy
® @ L 4 A
Add new start. + 100 % 00:00 132m  100%
e (17.3V) 1flight (05:33) (=) (6.0 KB/s) 0.0m/s
After take-off: Start or resume Missior ¥ ~ Flight data
S Ground speed: 0.0 m/s Latitude: 50.3205215°
Afg e i = Altitude: 200.6 M/AMSL  Longitude: 13.6308618°
~ Landing Ground sensor height: 0.0 m
~ Instruments
Home #1
Y Linear landing 75 M/ATO ) Temperature GNSS
Drone: S.0.D.A.: Satellites: Accuracy:  Mode:
Latitude: ¥ | 50.3196251° |~ @ 8(45.0dB/Hz) 5.500 m  Standalone
Longitude: ¥ 13.6296337° 4
~ Identification
Home: v 75m - > Name: Simulator (IX-01-18303)
vinm o — | Drone Fight Log: IX-01-18303_0004.bb3
. Paromeiers ~ Payload information
Payload type: S.0.D.A. 3D
Camera version: n/a
Cannot delete while assigned Camera state: Standby
Simulator
I > » || e ) -
Payload: S.0.D.A. 3D 3

ﬁ y A0l 10
2=
o]

0 —— —

0 —— —
320330340350 N 10 20 30 4
[ I I

50.3177527° N, 13.6336742° E, 213 m/AMSL, Improved SRTM




An example of data processing in Pix4D SW

* Create a new project

| = I id [
Praoject Process
Home
1
Map View
i a NiA'S
rayCloud New Project x
| | This wizard creates a new project.
Volumes Choose a name, a directory location and a type for your new project.
Mosaic
Editor Mame: |Konvjeq 190621
=
‘— Create In: |D:,"Chme|f190621f5equoia 190521 Browse...
Index
Calculator [ Use As Default Project Location
Project Type

@ MNew Project
() Project Merged from Existing Projects

Help < Back Cancel

o
LBE}

Options :




Select images

| MNew Project

Select Images

° Enough images are selected: press Next to proceed,

| T IIVAIN

5a0 image(s) selected. Add Images...| |Add Directories... | Add Video... | [Remove Selected Clear List

D:/Chmel/190621/5equeoial90621/1X-12-48209_0029/1MG_190621_071903_0000_GRE.TIF
D:/Chrmel/190621/Sequoial90621/1X-12-48209_0029/1MG_190621_071903_0000_MIR.TIF
D:/Chmel/190621/5equeoial90621/1X-12-48209_0029/1MG_190621_071903_0000_RED.TIF
D:/Chmel/190621/5equeoial90621/1X-12-48209_0029/1MG_190621_071903_0000_REG.TIF
D:/Chmel/190621/Sequeoial90621/1X-12-48209_0029/1MG_190621_071905_0001_GRE.TIF
D:/Chmel/190621/Sequoial90621/1x-12-48209_0029/1MG_190621_071905_0001_MIR.TIF
D:/Chmel/ 190621/ 5equoial90621/1x-12-48209_0029/1MG_190621_071905_0001_RED.TIF
D:/Chmel/ 190621/ 5equoial90621/1x-12-48209_0029/1MG_190621_071905_0001_REG.TIF
D:/Chmel/ 190621/ 5equoial90621/1X-12-42209_0029/1MG_190621_071906_0002_GRE.TIF
D:/Chrmel/ 190621/ 5equoial90621/1X-12-48209_0029/IMG_190621_071906_0002_NIR.TIF
D:/Chmel/190621/5equoial90621/1X-12-43209_0029/1MG_190621_071906_0002_RED.TIF
D:/Chmel /190621 /5equoial90621/1X-12-43209_0029/1MG_190621_071906_0002_REG.TIF
D:/Chmel /190621 /5equoial90621/1X-12-43209_0029/1MG_190621_071908_0003_GRE.TIF
D:/Chrmel /190621 Sequeoial90621/1X-12-48200_0029/1MG_190621_071902_0003_MIR.TIF
D:/Chmel/190621/5equeoial90621/1X-12-48209_0029/1MG_190621_071908_0003_RED.TIF
D:/Chmel/190621/5equeoial90621/1X-12-48209_0029/1MG_190621_071908_0003_REG.TIF
D:/Chrmel/190621/Sequeial90621/1X-12-48205_0029/1MG_190621_071909_0004_GRE.TIF
D:/Chmel/ 190621/ Sequeial90621/1X-12-48209_0029/IMG_190621_07190%_0004_MIR.TIF
D:/Chmel/190621/5equoial90621/1x-12-48209_0029/1MG_190621_071909_0004_RED.TIF
D:/Chmel/ 190621/ 5equoial90621/1x-12-48209_0029/1MG_190621_071909_0004_REG.TIF
D:/Chmel/ 190621/ 5equoial90621/1x-12-48209_0029/1MG_190621_071911_0005_GRE.TIF
D:/Chmel/ 190621/ Sequoial90621/1X-12-48209_0029/1MG_190621_071911_0005_MIR.TIF
D:/Chmel/ 190621/ 5equoial90621/1X-12-48209_0029/1MG_190621_071911_0005_RED.TIF
D:/Chmel /190621 /5equoial90621/1X-12-43209_0029/1MG_190621_071911_0005_REG.TIF
D:/Chmel/ 190621/ Sequoial90621/1X-12-4820%_0029/1MG_190621_071924_0006_GRE.TIF
D:/Chrmel/ 190621/ 5equoial90621/1X-12-48209_0029/IMG_190621_071924_0006_NIR.TIF
D:/Chrmel /190621 /Sequoial90621/1X-12-48200_0029/1MG_190621_071924 0006_RED.TIF

Help

< Back Mext = Cancel




Set image properties

Ima

| Mew Project

ge Properties

Image Geolocation

Coordinate System

1 HTVAN

o AT Datum: World Geodetic System 1984; Coordinate System: WGS 84 (EGM 96 Geoid)

Geolocation and Crientation

a Geolocated Images: 560 out of 560 Clear From EXIF From File... To File...
Geolocation Accuracy: () Standard (O Low (@) Custom
Selected Camera Model
b o 2 sequoia Edit...
o 2 Sequoia_4.0_1280%960 (Greem) Edit...
@ B sequoia_4.0_1280x360 (Red) Edit...
o 2 Sequoia_4.0_1280x960 (Red edge) Edit...
0 2 Sequoia_4.0_1280x960 (NIR) Edit...
Enabled Image Group Camera Model I[';S;I;E; L[aneggi:.::]va Ali[:i;u]de AH: “
IMG_190621_07... Green Sequeoia_ 4.0 12.. 53032897129 13.63036384 359.680 1.672
IMG_190621_07... MIR Sequeoia_ 4.0 12.. 3032857129 13.63036384 359,680 1.672
IMG_190621_07... Red Sequeoia_d.0 12.. 3032857129 13.63036384 359.680 1.672
IMG_190621_07... Red edge Sequoia_4.0 12... 5032897129 13.63036384 359.680 1.672
L4 > Y
Help < Back Mext = Cancel




» Select output coorditate system

‘_Eihljdlhh_

Mew Project

Select Output Coordinate System

Selected Coordinate System

FF Datum: World Geodetic System 1984
v Coordinate System: WG5S 84 [ UTM zone 33N (EGM 96 Geoid)

Output/GCP Coordinate System

Unit: |m ~

(") arbitrary Coordinate System [m]

(® Auto Detected:  WGS 84 / UTM zone 33N
(") Known Coordinate System [m]

Q

[] Advanced Coordinate Options

Help

= Back

Cancel




* Select processing options template
.ijf‘}ll;;

™
m

=

.I.'.i_
m

Processing Options Template

Personal
Duet T Camera @ Choose a template from the list and finish the project creation.

Standard
3D Maps
3D Models
Ag Multispectral
Rapid
3D Maps - Rapid/Low Res
3D Models - Rapid/Low Res
Ag Modified Carnera - Rapid/Low Res
Ag RGE - Rapid/Low Res
Advanced
Ag Modified Carmera
Mg RGE
Thermal Camera
ThermoMAP Camera

[] start Processing Mow

Help = Back Finish Cancel



Result - example

Conventional hop garden - Sladek variety

31.5.2019

RGB image leaf area - shapefile

10.6.2019

On the base of RGB ExGreen index



Thanks for your
attention!




