Welcome to the Jungle...
of digital image handling platforms
and data properties

A general overview
with room for discussion
and lots of questions

By, Jesper Cairo Westergaard, Research IT Coordinator, University of Copenhagen



digital image handling platforms and data properties
\

[
 Digital e Data
* Image * Properties
 Handling
e Platform

* The PlotCut 3 platform

* Inits early stages
 Build with QGIS/PostGIS
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* DEFINITIONS

Digital: Stored and handled as numbers (digits) in a computer.
Ones and zeros

Image: A representation of “something”

— from the real world or artificially created —
that we can see with our eyes.
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DEFINITIONS

Handling: All the steps that need to be taken.
In our case, UAV imaging, a (simplified) workflow like this:

Mosaic Plot Plot
creation extraction analysis

Platform: Where and how those steps are performed
An example from our world:

Image

Planning acquisition:

The flight

the flight

Image
Planning acquisition: Mosaic Plot Plot
the flight The flight creation extraction analysis

\EAE)
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Q DEFINITIONS

An image, as an example:

e Data:
 The “primary” image
information itself, i.e. the pixels

 And, the information about the
recording of the image. The
META data. The image

properties

* Properties

e Examples of an image’s
properties

e Represents a spatial location

nnnnnnnnnnn
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Example properties
of an image

e All colors or greyscale? The quality of that color
e Size: width*height

e What glass in front of the sensor?

* Where on our planet?

e How fast did we capture that part of our world?

* UNKNOWNS ......

| DJI_0558.0PG (Metadata)
\El Non-editable Properties
Color space: RGE
4608 x 345604 24

Dimensions:
El Document Properties

Authors:
Copyright:

Description: BCIMATOTMEDIANDI_05358.JPG
Instructions:
Subject:

Title:

=l Picture Properties

GPS Longitude:

Aperture: E/ 1.79

Camera make: Dl

Camera model: FC350

Contrast: Mormal

Creation software: v(1.20.5379

Date digitized: 14:28:19 23-05-2018
Date taken: 14:28:79 23-05-2018
Dhgital Zoom: Off

Exposure bias: 0 stops

Exposure program:  Manual

Exposure time: 1/3205  seconds
F-number: F/ 1.80

Flash: Mo flash function

Focal length: 15 mm

Focal length (33mmi: 30  mm

GPS Altitude: 396 metres

GPS Latitude: 55 ° 48" 28.435700" N

§ ° 57" 46.046700" E

150 speed:
Metering mode;

50 100

Center weighted average

Rotation: 0°

Saturation: Mormal

Scene capture type:  Standard
Sharpness: Mormal

sShutter speed: 1/3198  seconds
Subject distance: Unknown

White balance: Manual
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Q The plot’s data properties

e Static

e Geography etc.

* Where in the world is the plot
(similar to “where was the camera”

e Slant of the soil surface > DEM (digital elevation model)
e What crop is it? What variety? Maybe quality of seed sown

e Temporal

e Climate profile: The weather that plot experienced

e Plant morphology: The “shapes” it went through; crop height

e Stress: Pathogens, drought etc _— ﬁ

e Variability within the plot :‘fﬂ m o
 The imaging of that single plot

* Each image, each mosaic contains a mapping of theses static

and temporal/dynamic properties
e Image quality?

e Resemblance to reality?
e Mosaic vs original single image from the UAV




he trial field’s data properties

e Again, geography.
The DEM (digital
elevation model)

e Any damage?

e Soil map etc

e Variation within
the field?
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he UAV mission’s data properties

e Static
e Geography etc.

e Slant of the whole surface covered in the flight
DEM (digital elevation model)

e Temporal
 The weather during the flight
e Did it rain earlier today? Wet soil, crop?
e Changing cloud cover during the flight?



he orthomosaic’s data properties

e Quality of the data?
e Structure (stitching artefacts)
e Color (changing light, cloud cover)



A quick recap: Our properties

We have properties of:

* Images from the drone

e The circumstances of the flight/UAV mission (campaign)
e The whole trial field

e All the individual plots

e The resulting orthomosaic

e Aaaaaaand...... Maybe a lot of “soft” data properties in the
annotations. Might only be quantifiable later.

e “It feels like” — “It might be that” — “Maybe this is the case”
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o Why should you, as a breeder,

care about data properties?

e All the properties you already rate and use

* The modelling
e 2D... We extract pixel information
e Maybe 3D (height, better head counts etc)

* Maybe used as input/parameters for machine
learning, deep learning




e
\<°®%€>\\0Qi<\5
\(\"b(\ ,{\O(

R Examples of platforms

 On your own computer ﬂ

 One a computer somewhere else (server; in “The Cloud”) (:\)

e A mix of the two ﬁ ﬁ
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Planning Image Mosaic Plot Plot &
the ﬂ|ght acquisition: creation extraction analySiS
I'ne tlight A
e Example 1: ﬁ

A Images recorded with a drone by person A (maybe another company)
™ ¢ =» Pix4D initial processing in the cloud (initiated by person A and/or B)
> @ = then down to the local PC for more advanced mosaic processing in Pix4D
# = then person B does plot info extraction in e.g. PlotCut 2
*® > maybe onwards to person C for statistics and decision support

e Example 2:
® Images recorded with a drone by person A
& > local complete processing of UAV images into a mosaic by person A
A > Local data handling and plot extraction in PlotCut 2 by person A
A D Local statistics and decision support also handled by person A
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Example 3:
When things change with a service provider

* MicaSense: Had mosaic processing in their cloud platform (Atlas)
* Then they changed their mind

e So now they suggest this, to get from drone images to (their) analytics:
e =>»Use their app, Atlas Flight for flight planning and execution 4@
e =>»Process the images in Pix4D @
e =»Upload the images to the Atlas analysis server/cloud <g>
 =»Analyze your data in Atlas ™



Take plot pictures with your
phone’s camera

Cut out each plot from the images
* Maybe even on the cell phone

Upload to a free service,

* like the one Jesper Rasmussen has
created at www.imaging-crops.dk

There you go:
* Fraction of image that is crop/plant

Use the results

|
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A simple and free approach”

‘ Images
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Contact

H About the programme |

Show ima

Description
Image folder
Leaf coverage
File

Date

ge

Multiple uploaded image

NPPN 2018 v
0.220594618055556

file-38.jpeg

18. november 2018 00:53



www.imaging-crops.dk

More platforms...



e Three online approaches

 Three picked
e DroneDeploy
* PrecisionMapper
e Solvi

* Their focus
e Specific agronomy focus: Solvi

e Wide focus: PrecisionMapper and DroneDeploy
e Agriculture, mining, construction, forestry, roofing, solar,
inspection (buildings, windmills, bridges), insurance, mapping
infrastructures
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o The DroneDeploy Platform

@ pDroneDeploy

9 _
o o

XiX



e
’bQO '(\%

S (\d\\ <
B <

e The DroneDeploy Platform

* Features:
e Volume (but not crops yet, only for mining etc)
e View elevation data
e Plant health assessment
 Temporal changes: Crop development
e Orthomosaics: Both 2D and 3D
e Output formats: JPG, TIFF, OBJ, LAS, SHP, DXF
e App/add-on marketplace; make your own apps
e GCPs (costs extra)
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S The DroneDeploy Platform

Processing: Easy

} | & hitpsy/jwew.dronedeploy.com/app2/mapeng | .- _ _- [ QS QEEOREE T

P EEBEECEEEFE
; Ihﬂi.ﬁﬂﬂ.ﬂ

(@ DroneDepioy.

MapName
Untitled Mag|

Dragand drop photos or

‘

Not making = map?
Upload photos to create a report

H: fsting map?
Upload your GeoTIFF here.

Unbitled Map
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o The DroneDeploy Platform

Marketplace example: The Side-by-side app

-— n -

~— O
T &0 CTIO
O CTie

App Permissions

Activate

FREE
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o The DroneDeploy Platform

Example: The Side-by-side app

15efTacT5 htmiZloc=eyJsYXQIOjU1 Lig4ODewOTeyMjlyMijlyLClsbmeiOjE2LIEONZQUMTKON
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Q What is a GCP?

Ground Control Point

e A specific measurement in the real world

* Very precise
e circa 1 cm precision

* The standard drone/camera itself normally has +/- some meters
precision

e Time consuming work with ground-based gear
* Buy orrent

* May soon be easier with better drone navigation
e RTK drones.... You will have one in a few years



Next platform...
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o The PrecisionMapper Platform

il PRECISION

FREE PRECISION
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N The PrecisionMapper Platform
* Features:

e Basic features are very much like DroneDeploy
e Apps/add-ons differ

e Volume (not crops yet, only mining etc)

e View elevation data

e Plant health assessment

e Temporal changes: Crop development

e Orthomosaics: Both 2D and 3D

e QOutput formats: JPG, TIFF, OBJ, LAS, SHP, DXF

e App/add-on marketplace; make your own apps
e Use GCPs (requires desktop software install)
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The PrecisionMapper Platform

Processing: As simple as DroneDeploy
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o The PrecisionMapper Platform

Free app: Green Leaf Index

SENSORS: RGB ALT: 30m RES: 1.02cm/px SIZE: 412 GB AREA: 1.27 ha TIME: 02/08/17 12:15:00 IMAGES: 340 images

DRONE PLATFORM: Djl Mavic SURVEYID: @ Copy 046b..

Can be applied to: Ex - ey e [
Standard RGB mosaic :

STATUS: COMPLETE

Supported Resolution: e ;
20.00 cm/px or less = Visual NOV

4 i = A% Orthomosaic
Estimated Processing: e T
Less than 4 hours LR S e
X e L >

GLI designed to adjust for / = N
greenness and yellowness ==
in crops.

W

Can be used in all

growth stages.
0 EX)

& Mapbox @ OpenStreethap Improve this map
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o The PrecisionMapper Platform

.
(]
F re e a p p . V I S u a I N DV I SENSORS: RGB ALT: 30m RES: 1.02cm/px SIZE: 4.12 GB AREA: 1.87 ha TIME: 08/08/17 12:13:00 IMAGES: 340 images

n 2 Source Files

Can be applied to a standard M 1 Green Leaf Index
RGB mosaic
Visual NDVI, NGRDI. Indicator Orthomosaic
surface greenness, detect live
green plant canopies.
Can be used in all growth
stages. _

=

=

=

M oW

A o B




Next platform...
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The Solvi Platform

Drone Mapping 5 2
#PrecisonAg Soﬁwore# o o

FOR FAI!MERSAND AGR

N
GET STARTED FOR FREE

m—

B
1
k

¥
%

2

(7
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o° The Solvi Platform

Features:

e Plant Health analytics
e Predefined or custom Vegetation indices

e Elevation maps used to correlate to crop health
e Temporal changes: Crop development

e Plant Counts
 Whole field or custom areas
e Asses missing plants (pattern continuity)

* No app/add-on marketplace. No creating own apps/add-ons
e Export (some of) your data

e Prescription files

e Share a web view
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o° The Solvi Platform

Processing: As simple as the other two
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MEASURE AREA

MEASURE DISTANCE



Next platform...



%6\\ «* The PlotCut 2 Platform, from 6P
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ﬂ PlotCut - Ch\pl_projZoomTest - 2%20m\20170406_20m.tif

Zoom  Tools Cropimage Help
| Betract and calculate Extract and calculate all subinstances

File Edit Rotate Image Distortion
Zoom In Zoom Out Zoom factor 1 - @\y D Eollow

Rows: 27 Colst & Draw plotframe Add plots to frame

I:‘ Generate pixel file I:‘ Labels

-1676, -2945 Crop coverage is on

Mumber of Objects: 392 Zoom Level 20% Pan (X, Y):
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€ The PlotCut 2 Platform

Features:
e Very precise manipulation of plot extraction ares
e Afield trial is a project
e Easy re-use of extraction grid through temporal instances

e Detailed output (plot and pixel level) for further analysis
e Individual image slices

e Annotation (also in some of the online platforms)

Lacks:
e Georeferencing
e Using your own apps/add-ons
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Processing:

* No mosaic processing
* just plot extraction

#E C6_R24_-_png 253KB PNG image
#E C6_R24_-_png_ bw.jpg 867 bytes JPEG image
#E C6_R25_-_png 244KB PNGimage
* C6_R25_-_.png_bw.jpg 867 bytes JPEG image
* C6_R26_-_.png 25,1 KB PNGimage
#E C6._R26_-_png_ bwjpg 867 bytes JPEG image
e C6_R27_-_png 247KB PNGimage

#E C6_R27_-_png_bw.jpg
@ | calc_positions.csv

867 bytes JPEG image
3,58 KB Microsoft Excel Comm
409KB Microsoft Excel Comm
409KB Microsoft Excel Comm
292KB Text Document

[ | decSepComma.csv
fl-) decSepPeriod.csv
4 logfile.txt

Resize and Spacing

Fesst Select All

Horizontal spacing

Left fixed: -+
Right fixed: - [+
Left/Right fised: | - | | +

Vertical spacing

Top fixed: - [
Bottom fixed: | - | | *
Top/bottom fixed: | - | | +

Step per click

Close

Horizontal Resize
Left fixed: - +

Right fixed: | - | | #

Vertical resize
Top fixed: E] i
Bottom fixed: | - | | *

ot Extration Area — O X

Reset Select all

Vertical margin Hornzontal margin
Top: - Left: | - ||+
Bottom: | - | | = Right:| - | | +

Step per click

Set margin %

Top margin % of height:

Bottom margin % of height:
Left margin % of width:
Right margin % of width:

I'J‘U"EE

Set mangin




Input support in the platforms’

* Images, as bitmaps
e Compressed, some quality loss: JPEG

e Compressed, no quality loss: PNG, TIFF
* RGB
» Single greyscale color (multispectral, thermal)

e Uncompressed: RAW - extra processing possible before mosaic
e Videos: e.g. MPEG (extracting some of the images for use)

 Models
e Point clouds (LAZ, LAS)

e Delineations/boundaries, as vectors
e SHP and other formats



Advanced input support

* Geo accuracy improving input: GCPs
(Ground Control Points)

 Models
e Point clouds (LAZ, LAS)



o Now wait a moment !

Some platforms can more than just
process images and analyze mosaics

Flight planning

e DroneDeploy’s )
e PrecisionHawk’s Flight (pro)

@ PRECISIONFLIGHT PRO PRECISIONFLIGHT

Fly remotely and offline; view live
streaming video from multiple locations

Create repeatable missions that
automate flights and data collection




All prices in converted to
euros (2018 11)

Pix4D Mapper
Pix4D Fields

Agisoft Photoscan
€ 3100 for keeps

DroneDeploy: Pro
Business

PrecisionMapper: Free
Professional

Solvi
PlotCut 2
PlotCut 2 light

PlotCut 3
(QGIS, PostGIS etc)

Monthly / Yearly

(notice: Any full year
rebates are included)

260 / 2600
190/ 1900

115/ 875
350/ 2630

(5 RGB a month)
- / 3100

300/ 1900
Free for 6P R&l

Free for NPPN
?

e.g. 5*mosaic €50

Extras

App market
GCPs € 45 per map

App market

Plant count €100



Discussion

e What do you as breeders need, to better work with
drone data in a good workflow?

e For image analysis?

e For subsequent data analysis?
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PlotCut 3 ... The next PlotCut

e Based on using QGIS

* Free, open source software S\Q & § P
* Will be a plugin to QGIS

 Will be a lot more advanced than PlotCut 2
e Geostatistical tools; spatial variability
e Temporal variability/dynamics
* E.g. remove the soil components
* Include R—scripts from Signe (and others9
e Lots of knowledge layers
* Soil maps
e Climate input
e |Incorporate machine learning (The Orfeo Toolbox)

e Will also be a lot more complex (at least with the potential)
e Possibility for other plugins along the way; workflow logic etc
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*" QGIS and PostGIS

e What is PostGIS

e Why in a database?

* You the 6P2 breeders can get the data continuously

 The database can be
e |ocally on the same computer as the QGIS installation

e OR accessible from e.g. both Store Heddinge and Kentucky
and New Zeeland

* You can set up your own system.
o After all. It’s free and open source

e Relatively easy to find people/companies that can build a
connection to your data structure.




QN

O
o‘c’

QGIS and PostGIS

field_owner Tield plot
pk int PK pk int PK pk int PK
owner_company_name  varchar{100) = field_owner_pk int FK| | instance int
owner_centact_name varchar(100) comment text N l Qé ﬁn-el o pk int FK
srid varchar(100) row_number int N
e inoMissi column_number int N
ield_imagingMission ;—L — . | name it N
field_pk int PK FK " | quard_piot boolean N
imaging_mission_ int PK FK
1
M -+ 0
imaging_mission
pk int PK
date_flown date
time_flown_start  time N
plot_extractions
?‘( pk int PK
plot_offsets plot_pk int FK R
pk int PK plot_height
piot_pk int FK — :
field_imagingMission_field_pk int FK i pk int PK
field_imagingMission_imaging_mission_pk  int FK ) plot_pk int FK
W 4 )
geographies |
7 pk it PK
geog bytea 0
plot_offsets_pk int NFK M
plot_exiractions_pk int N FKn- annotations
plot_height_pk int  NFK ] =
: O pk int PK
plat_pk L __| plot_extractions_pk int N FK
it mNEK < plot_height_pk  int NFK
ploi_pk int N FK




Credits: Thank you to...

 The Drone Team at Taastrup Campus
e Jesper, Signe, Jesper, Saiful, Jon

e The 6P project leader and administration
e Svend, Mira, Lene, Birgitte

e Our 6P partners that dare to try new hard- and software
e DLF, Danespo, Graminor, Lantmannen, Secobra, Sejet, SLU

Qﬂ Lu LW (( g Resaech J L @ NordGen

DANESPO it JTE FIMAND Institute SLU
@ . o’ (\ Landbulnadarhaskoli
- SeJEt .':' = Islands
Lantmannen planteforeedlin ATe I U ey Graminor

Em oo O g seccomen  NDLF. & norden

recherches SEEDS & SCIENCE @



