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DESCRIPTION

Description

[0001] The invention relates to a method for performing data analysis for plant phenotyping of
single plants in a field and a data acquisition and evaluation system for performing data
analysis for plant phenotyping of single plants in a field. Further, the invention relates to a
mobile platform for use in said method and/or in said data acquisition and evaluation system
and a use of the mobile platform in said method and/or in said data acquisition and evaluation
system.

[0002] Phenotyping generally relates to a process of measuring, describing and analyzing
characteristics of plants like yield, stress resistance (e.g. disease resistance) or herbicide
tolerance and is usually carried out in applied plant breeding for a better understanding of
gene functions and gene effects, since the genotype and the phenotype often do not correlate
directly. A genotype of a plant is a DNA sequence of the genetic makeup determining a
phenotype of the plant. The plant phenotype describes observable physical or biochemical
characteristics of the plant and is determined by the genotype as well as inherited epigenetic
factors and non-inherited environmental influences. Some genes can express a given
phenotype in certain environmental conditions. On the contrary, some phenotypes can be the
result of several genotypes.

[0003] The identification of agronomic traits is usually done by phenotypic selection. Therefore,
the traits, which can be determined before harvesting or independent of harvesting, are often
estimated by visual rating and collated in a defined grading scale. For this purpose, breeders
have to visit numerous trial parcels which are often physically distant or even global distributed.
Besides, the phenotyping shall be performed at all trial parcels within a certain period.
Therefore, the visual rating has to be carried out in parallel by many different breeders. Due to
the subjective nature of the visual rating, grading may differ according to the breeder. The
visual rating can often be influenced by different types of visual rating and/or an amount of
plants to be evaluated and/or different environmental conditions of the regions in which the
plants are grown.

[0004] For time reasons and the enormous amount of work, breeders often determine an
average grade for one trial plot which comprises numerous plants. A disadvantage is that the
visual rating does not allow any conclusion about phenotype differences within the one trial
plot. Furthermore, there is no exact measuring, describing and analyzing of characteristics and
diseases of single plants.

[0005] Another disadvantage is that certain phenotype characteristics cannot be detected
visually and/or are dependent on environmental conditions. In particular, insufficient distinct
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traits, which are often not visually detectable, may be required for genotyping of plants and for
gaining a better understanding of the function and effects of genes.

[0006] While some prior art methods are able to provide comprehensive information about the
traits of analyzed plants, these methods often involve the destruction of the observed plants or
part of the plants and often require an amount of work which is time-consuming and cost-
intensive.

[0007] For instance, low cost unmanned aerial systems are used for rapid proximal
measurement of plants and high-resolution measurements for small plot research. Therefore,
the low cost unmanned aerial systems comprise an unmanned aerial system platform for data
capturing and a three-band multispectral sensor for measuring vegetation indices (see
Haghighattalab et al., "Application of unmanned aerial systems for high-throughput
phenotyping of large wheat breeding nurseries." Plant methods 12.1 (2016): 35.). The data
analysis of the low cost unmanned aerial system works semi-automated and the allocation of
image data to plot information runs by ground control points.

[0008] For laboratory environment, the use of hyperspectral imaging for small-scale analysis of
symptoms caused by different sugar beet diseases has been tested (see Mahlein et al.,
"Hyperspectral imaging for small-scale analysis of symptoms caused by different sugar beet
diseases." Plant methods 8.1 (2012): 3.). In this method, spectral data have to be captured
under artificial and homogenous conditions, for example horizontally fixed leaves to ensure
homogenous light conditions. A spectral data analysis has to be performed by a pixel-wise
mapping method using disease-specific signatures and spectral angle mapper classification.

[0009] Spectrometers of the type FieldSpec and Agricultural Digital Camera are used for
manually measurement of Cercospora infestation severity (see Jansen et al. "Non-invasive
spectral phenotyping methods can improve and accelerate Cercospora disease scoring in
sugar beet breeding.” Agriculture 4.2 (2014): 147-158.). The analysis of spectra is executed
either by estimating the disease severity in pixel ration between NDVI indices values above 0.1
or under 0.1 or by calculating different vegetation indices with spectral information on plot level.
This method has the disadvantage that the aimed spectral indices are not disease-specific.

[0010] SANKEY TEMUULEN ET AL: "UAV lidar and hyperspectral fusion for forest monitoring
in the southwestern USA", REMOTE SENSING OF ENVIRONMENT, ELSEVIER, XX, vol. 195,
18 April 2017 (2017-04-18), pages 30-43, XP085023371, ISSN: 0034-4257, DOI:
10.1016/J.RSE 2017.04.007 describe the testing of a high-resolution lidar, hyperspectral, and
multispectral data collected from unmanned aerial vehicles (UAV) and describe a lidar-
hyperspectral image fusion method in treated and control forests with varying tree density and
canopy cover as well as in an ecotone environment. The fusion performs better (88% overall
accuracy) than either data type alone, particularly for species with similar spectral signatures,
but different canopy sizes. The lidar data provides estimates of individual tree height as well as
total canopy cover and tree density in 10 m cells.
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[0011] Juha Suomalainen ET AL: "A Lightweight Hyperspectral Mapping System and
Photogrammetric Processing Chain for Unmanned Aerial Vehicles", Remote Sensing, vol. 6,
no. 11, 10 November 2014 (2014-11-10), pages 11013-11030, XP055523342, CH ISSN: 2072-
4292, DOI: 10.3390/rs61111013 present a lightweight hyperspectral mapping system (HYMSY)
for rotor-based UAVs, and its potential for agricultural mapping and monitoring applications.
The HYMSY consists of a custom-made pushbroom spectrometer, a photogrammetric camera,
and a miniature GPS-Inertial Navigation System. The processing chain uses a
photogrammetric algorithm to produce a Digital Remote Surface Model (DSM). The
pushbroom data is georectified by projecting it onto the DSM with the support of
photogrammetric orientations and the GPS-INS data.

[0012] The described prior art methods all have different disadvantages. In particular, the prior
art methods are not suitable for a high-throughput and high-resolution phenotyping of single
plants in field conditions.

[0013] Therefore, it is an object of the present invention to provide a method and a data
acquisition and evaluation system for performing data analysis for plant phenotyping of single
plants in a field as well as a mobile platform and the use of the mobile platform in said method
and/or in said data acquisition and evaluation system, which reduce or eliminate one or more
of the above-mentioned disadvantages. In particular, it is an object of the present invention to
provide a method and a data acquisition and evaluation system for performing data analysis
for plant phenotyping of single plants in a field as well as a mobile platform and the use of the
mobile platform in said method and/or in said data acquisition and evaluation system, which
enable a reliable and/or time-efficient determination of plant traits.

[0014] According to a first aspect of the invention, it is provided a method for performing data
analysis for plant phenotyping of single plants in a field as specified in claim 1. The method
comprises the steps of capturing spectral data via a hyperspectral imaging sensor, capturing
image data via an image sensor, capturing georeference data via an inertial measurement
unit, preferably via a GNSS aided inertial measurement unit, spatializing the image data to
generate georeferenced image data and a digital surface model, spatializing the spectral data,
generating georeferenced spectral data based on the spatialized spectral data and the digital
surface model and overlaying the georeferenced image data and the georeferenced spectral
data with field plan information to generate a high-resolution analysis data set.

[0015] The method is suitable for performing data analysis for plant phenotyping of single
plants in a field. In particular, the field can be a trial field or a production-scale field for growing
numerous plants of one genotype or several genotypes and/or for growing numerous plants of
one phenotype or several phenotypes. The production-scale field usually has a size, which is
multiple times the size of the trial field, wherein the usually much smaller trial field is used for
performing field trials.

[0016] Herein, plant phenotyping can also be referred to phenotyping in short. Phenotyping is
in particular understood as an overall process for detecting and/or identifying morphological
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and physical characteristica of plants to determine a phenotype. The phenotype is the
composite of observable plant traits, for example a plant height, a plant counting, a row
closure, a biomass, fruit/seed yield, leave diseases, insect damages, herbicide tolerance, virus
infections by symptoms and abiotic stress effects. For measuring said observable plant traits,
the method implies a single plant resolution. Herein, phenotyping preferably comprises
performing data analysis, which can include capturing of data and/or further steps of
processing data. Further preferably, phenotyping comprises a step of phenotyping analysis.
Usually, phenotyping analysis is performed after processing data and/or after generating an
analysis data set. Phenotyping analysis can be a final step in phenotyping.

[0017] Inter alia, finding a plant phenotype results from an expression of a plant genotype as
well as the influence of environmental factors. Therefore, several phenotypes of plants having
the same genotype occur due to a location of the field on which the plants are grown. For
comparing an influence of the environmental factors, the method described herein provides an
automated single plant phenotyping and is preferably a high-throughput process. This has the
advantage that the phenotype of single plants of numerous fields which are globally distributed
can be detected at the same time and the detected phenotypes can be compared preferably at
one main server.

[0018] It is particularly preferred to perform data analysis to generate a high-resolution
analysis data set for plant phenotyping, in particular data analysis as further detail below. The
data analysis principle is based on a process to analyze captured data to allow phenotyping of
the single plants, which grow in the field. Therefore, three different sensors are applied for
capturing the spectral data, the image data and the georeference data as described
hereinafter.

[0019] The hyperspectral imaging sensor is intended for capturing the spectral data, the image
sensor is intended for capturing the image data and the inertial measurement unit is intended
for capturing the georeference data. Herein, the hyperspectral imaging sensor and/or the
image sensor and/or the inertial measurement unit may also be referred to as sensor unit(s).
Further, herein the hyperspectral imaging sensor and/or the image sensor can preferably be
realized as an electro-magnetic sensor.

[0020] Preferably, the hyperspectral imaging sensor and/or the image sensor and/or the
inertial measurement unit are arranged and/or adapted to capture the data from above.
Further preferably, the hyperspectral imaging sensor and/or the image sensor and/or the
inertial measurement unit are situated above a canopy of the plants while data capturing,
preferablyupto1m2m,3 m, 5m,10m,20m, 30 m, 40 m, 50 m, 75 m or 100 m above the
canopy of the plants. The captured data preferably show the plants from top in a vertical view
or a diagonal view from above.

[0021] Generally, the method can be used for all crops. The suitability for certain traits is given
in particular by the possibility to monitor these traits via sensors by capturing a canopy surface.
Therefore, the manifestation of the traits preferably occurs in the canopy of the plants.
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[0022] In particular, it is preferred that the hyperspectral imaging sensor and/or the image
sensor and/or the inertial measurement unit are attached at an underside of a platform,
wherein preferably the platform is a mobile platform. The mobile platform is movable, in
particular horizontally moveable in parallel of the field ground, wherein its underside facing the
field ground.

[0023] The hyperspectral imaging sensor collects and processes information from across the
electromagnetic spectrum for obtaining the spectrum for each pixel in an image of the field,
with the purpose of identifying and detecting plant traits. In particular, the hyperspectral
imaging sensor can be integrated into a push broom scanner. The hyperspectral imaging
sensor principle is based on dividing images into spectral bands, in particular dividing images
into spectral bands that can be extended beyond the visible. Captured spectral data preferably
have a high spectral resolution as well as wavelength accuracy and cover a wired range of
wavelengths. The hyperspectral imaging sensor preferably measures contiguous spectral
bands and captures the plants using a large portion of the electromagnetic spectrum. Typically,
the large portion may encompass more than 200 nm, 300 nm, 400 nm, 500 nm, 600 nm, 700
nm, 800 nm, 900 nm or 1000 nm. Often plant traits have unique fingerprints in the
electromagnetic spectrum. Known as spectral signatures, these fingerprints enable
identification of the plant traits of single plants of the field. It is particularly preferred that the
captured spectral data are high-resolution.

[0024] The image sensor in particular detects and conveys information that constitutes an
image of single plants of the field, preferably by converting the variable attenuation of light
waves, preferably visible light waves, into signals, small bursts of current that convey the
information. The waves can be light or other electromagnetic radiation. It is particularly
preferred that the captured image data are high-resolution.

[0025] The inertial measurement unit preferably is a spatial combination of several inertial
sensors for motion detection, e.g. accelerate sensors and rotational speed sensors. The
inertial measurement unit can also be used for stabilization of the mobile platform. The
captured georeference data are high-resolution. In particular, the georeference data can be
digital information that can be assigned to a specific location on the field ground, e.g. spatial
coordinates (such as GPS coordinates).

[0026] After capturing above mentioned data, georectification of the captured spectral data
and the captured image data is carried out by spatializing. The captured georeference data are
used for merging captured data and allocating the captured data to a field and/or a single plant
of the field. Outcomes of spatializing the image data are georeferenced image data and a
digital surface model. The georeferenced image data and the digital surface model are high-
resolution. The digital surface model is preferably generated by using an algorithm for
combining data of 2D images to 3D images or pseudo 3D images, for example while merging
2D image data to produce a geotiff. The digital surface model includes some height information
describing an orientation and/or direction of growth of the plant and/or its leaves as well as a
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height of the plant. These height information are particularly preferred for analyzing the
spectral data.

[0027] The digital surface model is used to spatialize the spectral data for generating
georeferenced spectral data. Using the field plan information, the georeferenced image data
and/or the georeferenced spectral data can be assigned to the fields, field sectors or even
single plants or part of single plants.

[0028] A further step comprises overlaying the georeferenced image data and the
georeferenced spectral data with the field plan information to generate a high-resolution
analysis data set by using a merging algorithm. Preferably, the georeferenced image data
and/or the georeferenced spectral data are high-resolution. The field plan information
comprise information for defining field locations and field dimensions, and comprises field piece
information for defining field piece locations and field piece dimensions. In particular, the step
of overlaying the georeferenced image data and the georeferenced spectral data with the field
plan information comprises an elimination of interferences which are originated from different
background conditions, e.g. sunlight, clouds, temperature, differences in a size, a scale which
can be originated from using different lenses and/or sensors as well as changes in physical
position.

[0029] It is particularly preferred that the field plan information and/or the captured data are
high-resolution and as a consequence also the digital surface model and/or the georeferenced
spectral data and/or the georeferenced image data. In this way, generating a high-resolution
analysis data set is facilitated. In particular, the method can incorporate a highest ground
resolution and/or a single plant resolution and/or a geospatial resolution. The high-resolution
method allows localizing single plants or parts of single plants in the range of cm, and in
particular of 5 cm, 3 cm, 2 cm or 1 cm around its real position.

[0030] The method has the advantage that the high-resolution data sets are easy to handle
and comparable. It also can foster a faster and more effective data analysis. Advantageously,
the method is suitable for a high-throughput and standardized procedures.

[0031] In particular, the method can further comprise a step of phenotyping analysis. In
particular, phenotyping analysis is used to identify plant traits. The step of phenotyping analysis
preferably comprises analyzing the high-resolution analysis data set for identifying plant traits.

[0032] In addition, the analysis data set and/or the analyzed analysis data assigned to the
plant trait can be saved in a database. Further, the generated analysis data set can be
automatically assigned to the plant traits by comparing the analysis data set with reference
data sets which are saved in the database. In particular, the high-resolution analysis data set
can be characterized and plant traits can be determined by means of a database analysis.
Preferably, further information of the analysis data can be saved in the database which is used
for the database analysis, e.g. location of the field, date, time of the day, time of the year,
environmental conditions, etc.
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[0033] It is a further advantage of the method described herein that the plant traits can be
measured quantitatively and analyzed non-destructively. In particular, the combination of the
sensor units may identify a color, a size, a shape and/or a temperature of the leaves while a
location, a size and/or a plant population are supplied by the field plan information.

[0034] The image sensor is a color sensor for the selective detection and evaluation of the
visible spectral range. Such color sensors can be provided for instance in the form of a LAB
color sensor, a RGB (red-green-blue) sensor or a true color sensor. The principle of an image
of the color sensor is preferably based on a color filter array or a color mosaic array for
capturing color information. The color filter filters the light by wavelength range such that
separate filtered intensities include information about the color of light.

[0035] According to a preferred embodiment, the image sensor is a RGB sensor. The RGB
sensor - also called Bayer filter - is an example of above mentioned color filters and gives
information about the intensity of light in red, green and blue wavelength regions. A raw image
data captured by said RGB Sensor can be converted to a full-color image by a demosaicing
algorithm.

[0036] Further examples for above mentioned color filters are RGBE filter, CYYM filter, CYGM
filter, RGBW Bayer filter, RGBW#1 filter, RGBW #2 filter, RGBW #3 filter or X-Trans filter.

[0037] In particular, the image data comprise a plurality of images of at least one field sector,
wherein each image comprises a plurality of picture elements. One picture element is
preferably one part of image capturing which correspond to one field piece according to high-
resolution. Particularly preferred, the plurality of picture elements can be set into grids, e.g.
one, two or more lines comprising multiple picture elements. Generally, the field sector can
preferably be a part of the field which is captured via one image capturing, wherein the image
capturing comprises multiple field pieces and multiple picture elements. Preferably, the field
sector can describe one part of the field captured with one image capturing and comprise
multiple picture elements.

[0038] Spatializing the image data comprises assigning spatial coordinates to the image data
and spatially correcting the image data. Thus, spatial information are assigned to individual
image pixels. This generates high-resolution georeferenced image data for phenotyping of
single plants in a field. The spatial correction has the advantage that possible inaccuracies can
be corrected to ensure the most accurate spatial information of each individual image pixel.

[0039] Spatializing the image data comprises assigning spatial coordinates to the image data
and spatially correcting the image data.

[0040] It is further preferred that spatializing the spectral data comprises assigning spatial
coordinates to spectral data and preferably spatially correcting the spectral data. Thus, spatial
information can be assigned to individual spectral image elements. This embodiment
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generates high-resolution spatialized spectral data for phenotyping of single plants in a field.
The spatial correction has the advantage that possible inaccuracies can be corrected to ensure
the most accurate spatial information of each spectral image element.

[0041] In a further preferred embodiment, spatializing the spectral data comprises a first step
of spatializing the spectral data, which comprises assigning spatial coordinates to spectral data
and preferably radiometrically correcting the spectral data and preferably a second step of
spatializing the spectral data, which comprises spatially correcting the spectral data.

[0042] Further preferably, spatializing the spectral data comprises assigning spatial
coordinates to spectral data and spatially correcting the spectral data.

[0043] It is further preferred that a first step of spatializing the spectral data comprises
assigning spatial coordinates to spectral data and radiometrically correcting the spectral data
and a second step of spatializing the spectral data comprises spatially correcting the spectral
data. Radiometric correction can preferably reduce or corrects radiometric errors or distortions.
This process can improve the interpretability and quality of remote sensed data. Radiometric
correction is particularly preferred when comparing captured data over a multiple time periods.
The emitted or reflected electromagnetic energy from a surface of the field ground that is
observed by a sensor onboard mobile platform does not coincide with the energy emitted or
reflected from the same surface observed from a short distance because of the sun's azimuth
and evaluation and atmospheric conditions. Therefore, in order to obtain the real irradiance or
reflectance, it is preferred to correct those radiometric distortions. For instance, radiometric
correction can correct effects due to sensor sensitivity, sun angle and topography and/or
absorptions and scattering of solar radiation caused by various atmospheric effects.

[0044] In a further preferred embodiment, the field plan information comprise field information
for defining field locations and field dimensions, in particular field piece information for defining
field piece locations and field piece dimensions. In particular, the field plan information has a
precision level of +/- 0.02 m, 0.03 m, 0.04 m, 0.6 m, 0.8 m, 0.10 m. The field plan information
preferably comprises information of field splitting into field pieces, wherein said field pieces
have dimensions to ensure capturing high-resolution data. It is preferably preferred that field
pieces form a grid of the field.

[0045] Preferably, the georeference data and/or the georeferenced image data and/or the
georeferenced spectral data comprise georeference coordinates.

[0046] In particular, the allocation of captured image data and captured spectral data to field
plan information runs automatically by using geolocation data, e.g. from a GPS system.

[0047] It is further preferred that overlaying the georeference spectral data and the
georeferenced image data with the field plan information comprises an assignment of field
piece information according to georeference coordinates. In this way, information of field
pieces can be assigned to the captured spectral data and/or the captured image data. The
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field piece information can be for example an altitude preferably above the sea level, solar
hours per day and/or per year, a soil type, etc. Advantageously, these field piece information
can be considered in the step of phenotyping analysis.

[0048] In a further preferred embodiment, the method comprises the step of capturing
additional data via at least one additional sensor, preferably via a thermal sensor and/or an
electro-magnetic sensor. In particular, the additional data can additionally or alternatively be
captured. In the case of additionally captured additional data, the additional data can be
overlaid with the image data, preferably in a way that both images are covering the whole plant
in its position, and spatializing said overlaid data to generate the digital surface model and the
georeferenced image data. As an alternative or in addition the method can comprise the steps
of generating georeferenced additional data by the use of georeference data for spatializing
the additional data and overlaying the georeferenced additional data, georeferenced image
data and georeferenced spectral data with the field plan information to generate a high-
resolution analysis data set.

[0049] It can also be preferred that the captured additional data is processed equivalently to
the image data. Preferably, captured additional data can be spatialized to georeferenced
additional data and a digital surface model. Further, the georeferenced additional data can
preferably be overlaid with field plan information and the georeferenced spectral data to
generate a high-resolution data set.

[0050] It is particularly preferred that the additional sensor is a thermal sensor, preferably an
IR (infrared) sensor, for capturing thermal data.

[0051] Generally, temperatures of different plant parts or plants compared to their controls are
correlated at different time points during development with a genomic database. Merging of
image data and thermal data preferably is a segmentation process to separate between plants
or parts thereof and background like soil, assign leaves to individual plants and ascertain the
quality of infections or drought or osmotic stress.

[0052] It can be further preferred that the additional sensor is an electromagnetic sensor,
preferably a SWIR (short-wavelength infrared) camera for capturing short waved infrared data.

[0053] Generating the digital surface model comprises multiple recording of an individual
picture element by capturing the image data and combining said multiple recorded individual
picture elements to a three dimensional image. If applicable - alternatively or additionally -
generating the digital surface model can preferably comprise multiple recording of an individual
picture element by capturing the additional data and combining said multiple recorded
individual picture elements to a three dimensional image.

[0054] In particular, multiple recording can describe recording one individual picture element at
least double or triple or quadruple or multiple from one perspective in different color and/or
wavelength ranges. Alternatively, multiple recording can preferably describe recording one
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individual picture element at least double or triple or quadruple or multiple from different
perspectives. It is preferred that the multiple recording can be made while moving the
hyperspectral image sensor and/or the image sensor and/or the inertial measurement unit
and/or the additional sensor above the field.

[0055] It is particularly preferred, that the three dimensional data image can be produced by
merging image data to produce a geotiff, wherein the three dimensional data image can
include some height information.

[0056] The method preferably comprises the step of using a computer algorithm for
phenotyping, in particular phenotyping analysis, that preferably identifies direct traits, leave
diseases, insect damages, virus infections by symptoms and/or abiotic stress effects. For
example, direct traits can be a plant height, a plant counting, a row closure, a biomass,
fruit/seed vyield, herbicide tolerance and/or abiotic stress effects can caused by nutrient
limitation, environmental temperature, exposure to environmental toxins (e.g. ozone or heavy
metals) and/or drought or osmotic stress. It is particularly preferred that the computer
algorithm processes the analysis data set by accessing and/or analyzing a database which
preferably comprises reference data sets to be able to determine plant traits as well as the
phenotype of the plant. Therefore, the computer algorithm is preferably adapted to consider
the analysis data set in relation to reference data sets which are stored in the database.

[0057] Plant traits of interest are usually defined and demanded by the breeders. After
processing data traceability (e.g. correlation, heritability) may be calculated, e.g. correlation of
measured and processed data to the plant trait. Data can be evaluated without knowing the
plant genotype.

[0058] Further preferably, the hyperspectral imaging sensor for capturing spectral data and/or
the image sensor for capturing image data and/or the inertial measurement unit for capturing
georeference data and/or the additional sensor are arranged on a mobile platform. In
particular, it is preferred that one, two, several or all the sensor units are attached at an
underside of the mobile platform. The mobile platform is movable, in particular horizontally
moveable in parallel of the field ground, wherein its underside facing the field ground. This
embodiment has the advantage that data can be captured while moving the mobile platform
above the field.

[0059] It is particularly preferred that the mobile platform is a ground-based device and/or an
aerial device, preferably an autonomous mobile platform. Preferably, an autonomous mobile
platform is an unmanned mobile platform and/or can be remote-controlled. This embodiment
provides for a particularly easy and time-efficient way to capture data for performing data
analysis for plant phenotyping of single plants in a field. In particular, the mobile platform can
be moved horizontally in parallel of the field ground, preferably at an altitude upto 1 m, 2 m, 3
m,5m, 10 m, 20 m, 30 m, 40 m, 50 m, 75 m or 100 m above the canopy of the plants.

[0060] In a preferred embodiment, the hyperspectral imaging sensor for capturing spectral
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data and/or the image sensor for capturing image data and/or the inertial measurement unit for
capturing georeference data and/or the additional sensor are arranged on a mobile platform,
wherein the mobile platform is a ground-based device and/or an aerial device, preferably an
autonomous mobile platform. The ground-based device can be for example a tractor, a robot
or an automat. An example of the aerial device is a drone.

[0061] Preferably, the method comprises the step of creating a motion schedule for the
autonomous mobile platform. This embodiment provides an automatic motion of the
autonomous mobile platform. In particular, a motion path should be straight while a traverse
direction of the autonomous mobile platform above the ground should be preferably north to
south or south to north. The motion schedule provides preferably that one motion at one
timepoint is sufficient for capturing all necessary data. Nevertheless, several measurement
timepoints per vegetation period and/or per year can be intended. In particular, the mobile
platform can be automatically controlled on the basis of the previously created motion
schedule. Therefore, the mobile platform can be preferably connected with a control unit for
controlling the movement of the mobile platform.

[0062] It is further preferred, that motion data of an actual movement of the mobile platform
can be captured during the motion of the mobile platform in accordance with the motion
schedule. Actual movement data and the data of the motion schedule can differ, e.g. due to
environmental conditions. This preferred embodiment has the advantage that variations can be
recognized for being taken into account in the evaluation of the data or for signalizing these
variations in such a way as to enable an operator to take control of the movement. Further
preferably, the inertial measurement unit is adapted for capturing factual circumstances for
comparing said factual circumstances with the considered influencing factors.

[0063] In particular, creating the motion schedule should consider several influence factors,
which can have a major impact on the high-resolution data. For example, a height, a speed
and/or the sensors can be influence factors. Preferably, requirements of the sensor units as
well as of the data storage are considered while creating the motion schedule. In order to
achieve a ground sampling distance, which enables phenotyping as described herein, the
movement of the mobile platform preferably is at an altitude of approximately 2 to 50 meters
preferably at an altitude of approximately 25 meters. An optimal altitude of the movement
depends on a lens and/or sensor properties, especially on the minimum required focus
distance. A resulting size of the analyzed object in a captured image can be a factor limiting
distance to the ground. Preferably, when an overlap between two captured data is necessary,
determining of the maximum movement speed takes that into account. Another speed-limiting
factor can be the integration time of the hyperspectral imaging sensor. Preferably, the
integration time is adjusted manually or automatically to the ambient light conditions.

[0064] This embodiment is, inter alia, based on the finding that the required ground resolution
can depend on the application. The ground resolution can be optimized to a fine ground
resolution if very small structures, e.g. single leaves, have to be spatially recognized. In
contrast, a lower ground resolution can be sufficient if the spectral information have to be
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spatially distinguishable on the plot. In consideration of the required ground resolution the
speed of the movement can be adjusted.

[0065] According to a preferred embodiment, the method comprises pre -processing and/or
processing the data on the mobile platform and/or an agricultural station and/or a main server
during the operating process and/or in a separate step, which can be offline. Pre-processing
can be understood as a part of processing. Processing the data in particular refers to
performing data analysis for plant phenotyping. For instance, pre-processing can comprise
spatializing the image data to generate georeferenced image data and a digital surface model
and/or spatializing the spectral data and/or generating georeferenced spectral data based on
the spatialized spectral data and the digital surface. In particular, establishing a relation
between a picture element and a position data can be performed in a separate step offline or
real time, e.g. by using a real time tracking (turf) algorithm.

[0066] It is particularly preferred that the agricultural station can be adapted for pre-processing
and/or processing captured data. The agricultural station can be preferably located at the field
or in vicinity of the field, wherein the vicinity of the field describe a distance of up to 50 km, 40
km, 30 km, 20 km, 10 km, 5 km or 1 km, preferably a maximum distance to the place of
administration of the field. In particular, the agricultural station can comprise a memory unit for
storage captured and/or pre-processed and/or processed data and particularly preferred a
control unit for pre-processing and/or processing captured data. Further, the control unit can
be preferably adapted for controlling the mobile platform. Particularly preferred, the memory
unit can be connected with the controlling unit and the mobile platform for storing and
accessing the motion schedule.

[0067] It is further preferred that the main server can be adapted for processing captured data
and/or pre-processed data. The main server can be preferably located at a main location of
administration. In particular, the main server can comprise a memory unit for storage of
captured and/or pre-processed and/or processed data and particularly preferred a control unit
for processing captured data or pre-processed data. Further, the control unit can be preferably
adapted for controlling the mobile platform. Particularly preferred, the memory unit can be
connected with the controlling unit and the mobile platform for storing and accessing the
motion schedule.

[0068] In particular, processing captured data can also comprise (further) processing pre-
processed data.

[0069] Particularly preferred, the method comprises pre-processing and/or processing the data
individually for each imaged plant on the mobile platform and/or the agricultural station and/or
the main server during the operating process.

[0070] Preferably, the mobile platform and/or the agricultural station and/or the main server
comprise a memory unit for storing captured data and/or pre-processed data and/or processed
data and/or the motion schedule and/or the field plan information.
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[0071] In a preferred embodiment, the captured data and/or the pre-processed data and/or
the processed data are transferred from the mobile platform to the main server and/or from the
agricultural station to the main server via a wire connection and/or a wireless connection.
Therefore, the mobile platform and/or the agricultural station and/or the main server comprise
a wire connection and/or a wireless connection, preferably wlan and/or cable and/or usb and/or
bluetooth, for transferring the captured data and/or the pre-processed data and/or the
processed data from the mobile platform to the agricultural station and/or from the mobile
platform to the main server and/or from the agricultural station to the main server.

[0072] It is preferably preferred that the mobile platform comprises a memory unit for storing
captured data. Preferably, the main server and/or the agricultural station can download said
captured data for pre-processing and/or processing. Therefore, the mobile platform and/or the
main server and/or the agricultural station comprise an interface, in particular for data
transmission, preferably wireless data transmission.

[0073] In a preferred embodiment the data can be pre-processed already on the mobile
platform during the operating process. In a further preferred embodiment the data can be pre-
processed individually for each imaged plant on the mobile platform during the operating
process.

[0074] According to a further aspect of the invention, it is provided a data acquisition and
evaluation system for performing data analysis for plant phenotyping of single plants in a field,
comprising a hyperspectral imaging sensor for capturing spectral data, an image sensor for
capturing image data, an inertial measurement unit for capturing georeference data and a
control unit, which is adapted to spatialize the image data to generate georeferenced image
data and a digital surface model, spatialize the spectral data, generate georeferenced spectral
data based on the spatialized spectral data and the digital surface model, overlay the
georeferenced image data and georeferenced spectral data with field plan information to
generate a high-resolution analysis data set.

[0075] According to a further aspect of the invention, it is provided a mobile platform using in at
least one method and/or in a data acquisition and evaluation system as described herein,
comprising a hyperspectral imaging sensor for capturing spectral data, an image sensor for
capturing image data and an inertial measurement unit for capturing georeference data. The
mobile platform is preferably an autonomous mobile Platform. Preferably, the mobile platform
can be an autonomous mobile platform.

[0076] According to a further aspect of the invention, it is provided a use of a mobile platform
according to a method and/or a data acquisition and evaluation system and/or a mobile
platform as described herein.

[0077] In any embodiment according to the various aspects of the present invention, the plant
may be a plant species selected from the group consisting of: Hordeum vulgare, Hordeum
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bulbusom, Sorghum bicolor, Saccharum officinarium, Zea mays, Setaria italica, Oryza minuta,
Oriza sativa, Oryza australiensis, Oryza alta, Tritcum aestivum, Secale cereale, Malus
domestica, Brachypodium distachyon, Hordeum marinum, Aegilops tauschii Daucus
glochidiatus, Beta vulgaris, Daucus pusillus, Daucus muricatus, Daucus carota, Eucalyptus
grandis, Nicotiana sylvestris, Nicotiana tomentosiformis, Nicotiana tabacum, Solanum
lycopersicum, Solanum tuberosum, Coffea canephora, Vitis vinifera, Erythrante guttata,
Genlisea aurea, Cucumis sativus, Morus notabilis, Arabidopsis arenosa, Arabidopsis lyrata,
Arabidopsis thaliana, Crucihimalaya himalaica, Crucihimalaya wallichii, Cardamine flexuosa,
Lepidium virginicum, Capsella bursa pastoris, Olmarabidopsis pumila, Arabis hirsute, Brassica
napus, Brassica oeleracia, Brassica rapa, Raphanus sativus, Brassica juncea, Brassica nigra,
Eruca vesicaria subsp. sativa, Citrus sinensis, Jatropha curcas, Populus trichocarpa, Medicago
truncatula, Cicer yamashitae, Cicer bijugum, Cicer arietinum, Cicer reticulatum, Cicer judaicum,
Cajanus cajanifolius, Cajanus scarabaeoides, Phaseolus vulgaris, Glycine max, Astragalus
sinicus, Lotus japonicas, Torenia fournieri, Allium cepa, Allium istulosum, Allium sativum, and
Allium tuberosum.

[0078] According to a further aspect of the invention, it is provided a method for selecting
plant, said method comprising: a) growing a plant population; b) performing the above
described method for performing data analysis for plant phenotyping of single plants in a field
for phenotyping the population of plants based on the high-resolution analysis data set; and
selecting a plant from the population having a desired phenotype.

[0079] According to a further aspect of the invention, it is provided a method for selecting plant
individuals in a breeding program, said method comprising: a) growing a plant population of
training individuals; b) performing the above described method for performing data analysis for
plant phenotyping of single plants in a field for phenotyping the population of training
individuals based on the high-resolution analysis data set and generating a phenotype training
data set; c) associating the phenotype training data set with a genotype training data set
comprising genetic information across the genome of each training individual to generate an
association training data set; d) genotyping a population of breeding individuals; e) selecting
breeding pairs from the plant population of breeding individuals based plant genotypes using
the association training data set to select breeding pairs likely or able to generate offspring with
one or more desired traits; ) optionally, crossing the breeding pairs to generate offspring; and
f) optionally, growing the offspring with the one or more desired traits. Preferably, the plant
population of training individuals is genetically diverse and/or the plant population of breeding
individuals is genetically diverse. The population may include individuals carrying one or more
transgenes and/or individuals with DNA edited with random or targeted mutagenesis such as
TILLING, preferably combined with chemical mutagens like EMS or ENU, and such as TALEN
or CRISPR based modifications as well as base-editor mediated modifications. CRISPR may
include in particular CRISPR/Cas9, CRISPR/Cpf1, or CRISPR/Csm1.

[0080] In a preferred embodiment, step ¢) comprises further using a biological model,
estimating effects of genotypic markers and linking the estimation of effects of genotypic
markers with the biological model to generate an association training data set, and/or step e)
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comprises using a biological model, estimating effects of genotypic markers and linking the
estimation of effects of genotypic markers with the biological model. The incorporation of
biological information into such genomic prediction method may allow to reconstruct and
predict the target traits such as a complex traits (drought tolerance), which show non-linear
relationships among the traits within the parameter estimation process (WO 2016/069078 A1).
Traits include, but are not limited to, physiological traits included in crop growth models,
individual genes within gene networks, native, gene-edited and transgenic DNA
polymorphisms.

[0081] Non-limiting examples of traits that can be predicted by the method according to this
embodiment are resistance or tolerance to insect pests, such as to rootworms, stem borers,
cutworms, beetles, aphids, leafthoppers, weevils, mites and stinkbugs. Other traits can be
resistance or tolerance to nematodes, bacterial, fungal or viral pathogens or their vectors. Sitill
other traits could be more efficient nutrient use, such as nitrogen use, and photosynthetic
efficiency. Yet other traits could be tolerance to abiotic stressors such as temperature, water
supply, salinity, pH, tolerance for extremes in sunlight exposure. Additional traits can be
characteristics related to taste, appearance, nutrient or vitamin profiles of edible or feedable
portions of the plant, or can be related to the storage longevity or quality of these portions.
Finally, traits can be related to agronomic qualities such resistance to lodging, shattering,
flowering time, ripening, emergence, harvesting, plant structure, vigor, size, yield, and other
characteristics.

[0082] In another preferred embodiment of the method, said genotypic information for the
candidate is obtained by genotyping using SNP markers and/or by analyses of gene
expression, metabolite concentration, or protein concentration.

[0083] In another preferred embodiment of the method, the breeding individuals are
homozygous or doubled haploids.

[0084] According to a further aspect of the invention, it is provided a method for selecting an
inbred plant, the method comprising: a) quantitatively assessing the distribution of two or more
traits in a population of inbred plants, wherein assessing the distribution of at least one trait is
performed by the above described method for performing data analysis for plant phenotyping
of single plants in a field; b) constructing a relationship matrix for each inbred plant parent for
the two or more traits of interest; ¢) applying the relationship matrix in a multivariate mixed
model analysis for the population of inbred plants; d) obtaining a predicted value for said
inbred plant; and e) selecting one or more inbred plants based on the predicted value.

[0085] Traits may comprise a plurality of correlated attributes. Preferably the plurality of
correlated attributes comprise grain yield, moisture content, total leaf number and/or biomass.

[0086] In a preferred embodiment of the method, the population of inbred plants is separated
into male and female lines.
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[0087] In another preferred embodiment, the method further comprises determining the
general combining ability and/or the specific combining ability for said plant.

[0088] In a further embodiment, the method further comprises calculating a BLUP using the
model. Genetic evaluation of a given trait may be described using Best Linear Unbiased
Prediction (BLUP). The accuracy of BLUP depends on several factors such as the number of
relatives that exists within the population being evaluated, the number of observations made
for an individual and/or its relatives, and the variance components of the population. Generally,
the more observations that are made for an individual and/or its relatives, the better will be the
prediction of its genetic value, and therefore the higher the accuracy of that prediction.

[0089] In the genetic evaluation, attributes known to be correlated are seldom analyzed
individually. Here, a multivariate mixed model approach is used, with the different attributes
analyzed simultaneously. This approach has been shown to provide increase in the accuracy
of prediction compared to the univariate approach.

[0090] In one embodiment, the method further comprises calculating the accuracy of
prediction for each said predicted value.

[0091] In another preferred embodiment, the method further comprises selecting a hybrid
progeny plant based on predicted values obtained from two parent inbred plants.

[0092] As used herein, the term, "accuracy” may generally refer to the correlation between the
predicted genetic value (e.g., the BLUP value) and the "true" genetic value, and generally
assume a value between 0 and 1. The closer the accuracy is to 1, the close the predicted
value is to the true genetic value. In particular embodiments, accuracy in a plant line is
determined based on the prediction error variance (PEV) (i.e. the variance of genetic value).

[0093] As used herein with regard to traits or attributes, the term "correlated" may refer to a
degree or proportion of variance that two traits share due to genetic causes. It may include, for
example and without limitation, correlation associated with the proximity of two genes on the
same chromosome, or correlation associated with genes that are expressed under the control
of common genetic, molecular or environmental factors.

[0094] As used herein, the term "general combining ability" may refer to a measure of the
value of an inbred line as a parent of a hybrid.

[0095] As used herein, the term "mixed-model analysis" may refer to a system which contains
experimental factors of both fixed and random-effects types, with appropriately different
interpretations and analysis for the two types of factors.

[0096] The term "multivariate” may refer to concurrent analysis of two or more variables of
interest in an organism. These variables may be associated with a given trait, phenotype,
gene, or allele. In some embodiments, these multiple variables may be correlated with each
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other.

[0097] As used herein, the term "specific combining ability” may be used to estimate the value
of a parent line (e.g. an inbred parent) to generate a hybrid plant, where the estimation is
based on an assessment of the hybrid plant itself. As to the advantages, preferred
embodiments and details of these further aspects and their preferred embodiments, reference
is made to the corresponding advantages, preferred embodiments and details described
above.

[0098] Preferred embodiments of the invention shall now be described with reference to the
attached drawings, in which

Fig. 1:shows a schematic flow diagram of an exemplary method for performing data analysis
for plant phenotyping of single plants in a field;

Fig. 2:shows a geotiff recorded by an aerial device which is overlaid with corresponding field
plan information;

Fig. 3:
shows merging of captured image data and thermal data;
Fig. 4:
shows an example of measurements of a pathogen infection;
Fig. 5A:
shows merging of spectral data with RGB data for measuring the pathogen infection
according to Fig. 4;

Fig. 5B:
shows a spectral comparison of leaf disease, healthy leaf and soil according to Fig. 4
and Fig. 5;

Fig. 6:
shows an example for a single plant analysis; and

Fig. 7:

shows a measurement of leave coverage and/or a biomass.

[0099] In the figures, elements with the same or comparable functions are indicated with the
same reference numerals.

[0100] Figure 1 shows a schematic flow diagram of the method for performing data analysis
for plant phenotyping of single plants in a field is shown. The flow diagram describes the
processing of data after capturing these data 1a. The processing can be performed on the
mobile platform, an agricultural station and/or a main server. In particular, pre-processing
which is a part of processing, can be performed on the mobile platform, wherein the remaining
part of processing can be performed on the agricultural station and/or the main server, and/or
the agricultural station, wherein the remaining part of processing can be performed on the
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main server.

[0101] The method describes steps of processing after capturing georeference data 1.1 via an
inertial measurement unit, image data 1.2 via an image sensor and spectral data 1.3 via a
hyperspectral imaging sensor. The first step according to Fig. 1 is spatializing the image data
2.1, 2.2 and spatializing the spectral data 3.1, 3.2, 3.3. Spatializing the image data 2.1, 2.2
comprises assigning spatial coordinates to the image data 2.1 and spatially correcting the
image data 2.2 to generate georeferenced image data 2a and a digital surface model 2b by
using the georeference data 1.1. Spatializing the spectral data 3.1, 3.2, 3.3 comprises
assigning spatial coordinates to spectral data 3.1, a radiometric correction 3.3 and spatial
correction 3.2 of the spectral data 1.3. For generating georeferenced spectral data 3a, the
spectral data 1.3 where spatialized by using. The next step of the method according to Fig. 1
comprises overlaying the georeferenced image data 2a and the georeferenced spectral data
3a with field plan information 4 to generate a high-resolution analysis data set by assigning of
plot information according to geo coordinates 4a, 4b. In a phenotyping analysis 5 the high-
resolution analysis data set is analyzed for identifying plant traits. For example, the high-
resolution analysis data set can be characterized and plant traits can be determined by means
of a database analysis.

[0102] Fig. 2 shows a field sector 20.1 in geotiff format 20 recorded by an aerial device, which
is overlaid with the corresponding field plan information 4 for analyzing single plants in this field
sector 20.1. The field plan information 4 are mapped out as a shapefile defining the plot
locations as well as dimensions and cover plots which are not part of the geotiff. Further, axes
21, 22 of the field plan information 4 indicate the north/south and the east/west position of plots
and region, which are covered by the image. The scale of the easting axis 21 and the northing
axis 22 is meters of a distance to a reference point line. According to Fig. 2, the field plan
information 4 define a field splitting into field pieces 23 which have dimensions to ensure
capturing high-resolution data. These field pieces 23 form a grid of the field. Further, the field
plan information 4 shows blocks 25 which comprise multiple lines 24 of field pieces 23, wherein
each line 24 comprises multiple field pieces 23.

[0103] As can be seen in Fig. 3, segmentation 32 for separating between a plant 33 and a
background 34 can be made by merging captured data. During processing the data captured
via different sensor units are preferably merged. Hereby, differences in size, scale often
originating from using different lenses and/or sensor units, changes in physical position as well
as interferences origination from different environmental conditions, e.g. sunlight, clouds,
temperature, etc, can be eliminated. Fig. 3 shows a thermography 30.1 and a RGB image 30.2
of a maize plant 33 which are merged 31 and segmented 32. This segmentation 32 separates
the maize plant 33 from the background 34 to assign leaves 35 of the plant 33 and preferably
to ascertain the quality and/or quantity of infections or drought or osmotic stress.

[0104] With reference to Fig. 4, 5a and 5b, a measurement of a pathogen infection is made by
merging. Fig. 4 shows an image of a field 40 after merging captured spectral data and
captured RGB data as described above. Due to high ground resolution and known geospatial



DK/EP 3692464 T3

sensor information it is possible to get information about single plants. The information which
are received from one data-capturing-process can be used to setup a time resolved series of
the plant and/or trait development during a vegetation period. A visual indication of e.g.
different plant traits 41, 42 provides a high-resolution and a less subjective phenotyping
analysis. Due to the visual indications, the soil, healthy leaves and leaf diseases can be
differentiated. Plant traits as well as the soil often have unique fingerprints in the
electromagnetic spectrum. Known as spectral signatures, these fingerprints enable
identification of the plant traits of single plants of the field.

[0105] In Fig. 5a the soil 50, healthy leaves 51 and leaf diseases 52 are marked. The detection
of plant traits can be achieved by comparing each pixel-spectrum with a database, in which
reference spectra of different plant traits are deposed. Spectral data allow a differentiation of
pixels by its underlying chemical composition. Plants, part of the plants or other targets can
show the same visual color while having completely different chemical components, e.g. a
brown soil and a brown necrotic leaf tissue.

[0106] As can be seen in Fig. 5b, a spectral comparison shows that if a similarity of the spectra
is high enough the pixel can be classified as "leaf disease"-pixel. On the contrary, if the
similarity of the spectra is not high enough the pixel can be classified as "healthy leaf-pixel.
Therefore, a x-axis 55 scale is wavelength in nm and a y-axis 56 scale is a normalized
intensity. After classification of all pixels of a plant and/or a part of the plant, the pixels of "leaf
disease" and "healthy leaf can be used to calculate a ratio describing the amount of
infestation.

[0107] Fig. 6 shows an example of a single plant analysis. The method captures contours 60
and midpoints 61 of the biomass distribution 62 of single plants. Therefore, the method
provides the possibility to measure the biomass for single plants. Further, a growth rate of
single plants can be calculated on basis of time series biomass measurements.

[0108] With reference to Fig. 7, a leaf coverage and/or biomass can be measured by
comparing captured and merged data of single plants in one trial plot with a spectral reference
scale 70. The figure shows single plants in different stages of development. In comparison to
the lower part of the trial plot 72, the upper part of the trial plot 71 comprises a canopy
between neighbored plants which has been partially closed already. The canopy is often an
important parameter for plants. Canopy closure, which describes that a gap between
neighbored plants is closed, is crucial for weed control because weed plants growing between
the plants competes often with the plants for nutrients and sunlight. In this way, the canopy
closure can often hamper the growth of weed plants significantly.
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PATENTKRAV

1. Fremgangsmade til udferelse af dataanalyse for plantefeenotypebestemmelse af enkelte
planter i en mark, og som omfatter folgende trin:

- indfangning af spektrale data via en hyperspektral billeddannelsessensor (1.3),

- indfangning af billeddata via en billedsensor (1.2), hvor billedsensoren er en farvesensor
til selektiv detektering og evaluering i det synlige spektrale omrade;

- indfangning af hegjoplesningsgeoreferencedata via en inertimaleenhed (1.1) omfattende
accelerationssensorer og rotationshastighedssensorer, hvilke hgjoplesningsgeoreferencedata
omfatter georeferencekoordinater;

- rumliggerelse af billeddataene (2.1, 2.2) for at generere georefererede billeddata (2a)
og en digital hejoplesningsflademodel (2b), hvor rumliggerelse af billeddataene omfatter
tildeling af rumlige koordinater til billeddataene og rumlig korrigering af billeddataene, hvor
rumlige informationer tildeles individuelle billedpixels, hvor den digitale flademodel indbefatter
hejdeinformationer, der beskriver en orientering og/eller retning for en plantes vakst og/eller
dens blade savel som plantens hgjde, hvor generering af den digitale hgjoplesningsflademodel
omfatter:

- flere registreringer af et individuelt billedelement ved indfangning af
billeddataene, og

- kombinering af de talrige registrerede individuelle billedelementer til et
tredimensionalt billede;

- rumliggerelse af de spektrale data (3.1, 3.2),

- generering af georefererede spektrale data (3a) fra de rumliggjorte spektrale data ved
hjeelp af den digitale hgjoplesningsflademodel (2b); og

- overlejring af de georefererede billeddata og de georefererede spektrale data med
markplaninformationer (4a, 4b) for at generere et hgjoplesningsanalysedatasat ved hjelp af en
flettealgoritme, hvor marken er opdelt i markstykker, hvor markplaninformationerne omfatter
markinformationer til at definere markplaceringer og markdimensioner og omfatter
markstykkeinformationer, der definerer markstykkeplaceringer og markstykkedimensioner,
hvor overlejringen af de georefererede billeddata, og de georefererede spektrale data med
markplaninformationerne omfatter en tildeling af markstykkeinformationerne ifelge
georeferencekoordinaterne, hvor hegjoplesningsanalysedatasattet muligger lokalisering af

enkelte planter i omradet 10 cm omkring deres reelle placering.
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2. Fremgangsmade ifelge det foregaende krav, hvor billedsensoren er en RGB-sensor.

3. Fremgangsmade ifelge mindst ét af de foregaende krav, hvor rumliggerelse af de
spektrale data omfatter
- et forste trin med rumliggerelse af de spektrale data, der omfatter
= tildeling af rumlige koordinater til spektrale data og
= fortrinsvis radiometrisk korrigering af de spektrale data og
- fortrinsvis et andet trin med rumliggerelse af de spektrale data, der omfatter rumlig

korrigering af de spektrale data.

4. Fremgangsmade ifelge mindst ét af de foregdende krav omfattende trinnet med
indfangning af supplerende data via mindst én supplerende sensor, fortrinsvis via et termisk

sensor og/eller en elektromagnetisk sensor.

5. Fremgangsmade ifelge mindst ét af de foregdende krav omfattende trinnet med
anvendelse af en computeralgoritme til fenotypebestemmelse, som fortrinsvis identificerer
direkte trek og/eller bladsygdomme og/eller insektskader og/eller virusinfektioner ved

symptomer og/eller abiotiske stressvirkninger.

6. Fremgangsmade ifelge mindst ét af de foregaende krav, hvor den hyperspektrale
billeddannelsessensor til indfangning af spektrale data og billedsensoren til indfangning af
billeddata og inertiméaleenheden til indfangning af georeferencedata anbringes pa en
mobilplatform, hvor mobilplatformen er en jordbaseret enhed og/eller en luftbaseret enhed,

fortrinsvis en autonom mobilplatform.

7. Fremgangsmade ifelge mindst ét af de foregdende krav omfattende forbehandling
og/eller behandling af dataene pa mobilplatformen anvendt i fremgangsmaden ifelge krav 6
og/eller pa en landbrugsstation og/eller pa en hovedserver, hvor forbehandlingen og/eller

behandlingen foretages under udferingsprocessen og/eller i et separat offline-trin.

8. Fremgangsmade ifolge krav 6 eller 7, hvor data indfanget i fremgangsmaden ifelge krav
1 og/eller data forbehandlet data og/eller behandlet i fremgangsmaden ifelge krav 8 overfores
fra mobilplatformen til hovedserveren og/eller fra landbrugsstationen til hovedserveren via en

tradet forbindelse og/eller en tradlgs forbindelse.
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9. Dataindsamlings- og evalueringssystem til udferelse af dataanalyse for
plantefeenotypebestemmelse af enkelte planter 1 en mark, omfattende:

- en hyperspektral billeddannelsessensor til indfangning af spektrale data (1.3),

- en billedsensor til indfangning af billeddata (1.2), hvor billedsensoren er en farvesensor
til selektiv detektering og evaluering i det synlige spektrale omrade;

- en inertimaleenhed omfattende accelerationssensorer og rotationshastighedssensorer
for indfangning af hegjoplesningsgeoreferencedata (1.1), hvor hejoplesningsgeoreferencedata
omfatter georeferencekoordinater; og

- en styreenhed, der er tilpasset til at:

o rumliggere billeddataene (2.1, 2.2) for at generere georefererede billeddata (2a)

og en digital hgjoplesningsflademodel (2b), hvor rumliggerelse af billeddataene

omfatter tildeling af rumlige koordinater til billeddataene og rumlig korrigering
af billeddataene, hvor rumlige informationer tildeles individuelle billedpixels,
hvor den digitale flademodel indbefatter hejdeinformationer, der beskriver en
orientering og/eller retning for en plantes vakst og/eller dens blade savel som
plantens hejde, hvor generering af den digitale hejoplesningstlademodel
omfatter:

- flere registreringer af et individuelt billedelement ved indfangning af

billeddataene, og

- kombinering af de talrige registrerede individuelle billedelementer til et

tredimensionalt billede;

o rumliggerelse af de spektrale data (3.1, 3.2),

o generering af georefererede spektrale data (3a) fra de rumliggjorte spektrale

data ved hjzlp af den digitale hgjoplesningsflademodel (2b),

o overlejring af de georefererede billeddata og georefererede spektrale data med
markplaninformationer (4a, 4b) for at generere et analysedataset med hej oplesning,
hvor marken er opdelt i markstykker, hvor markplaninformationerne omfatter
markinformationer til at definere markplaceringer og markdimensioner og omfatter
markstykkeinformationer, der definerer markstykkeplaceringer 0g
markstykkedimensioner, hvor overlejringen af de georefererede billeddata og de
georefererede spektrale data med markplaninformationerne omfatter en tildeling af
markstykkeinformationerne ifolge georeferencekoordinaterne, hvor

hejoplesningsanalysedatasattet muligger lokalisering af enkelte planter i omradet 10 cm
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omkring deres reelle placering.
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Fig. 4
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Fig. 5a
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