Author's Response To Reviewer Comments
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All answers to the reviewers are well formatted added to the covering letter to the editor.

Reviewer reports:

Reviewer #1: The submitted manuscript reviewed relevant literature and summarized a general
workflow for the analysis of plant hyperspectral images collected in controlled environments. This review
could have a great impact to the research community: The general workflow could guide researchers to
standardize the data acquisition and processing of plant hyperspectral images for controlled environment
studies, help accumulate global research efforts, promote the data sharing, and ultimately advance big
data analysis for plant spectral responses and therefore biological understanding. Therefore, the
manuscript fits well with the journal's scope and could be of great interest to readers. There are some
parts need to be further improved or explained.

1. In my opinion, a unique feature of spectral imaging is the combination of spatial and spectral
information for objects rather than the combination of spatial and temporal information, which has been
stated by the authors in the first paragraph in Background section.

o We appreciate this suggestion, text has been changed accordingly.

2. Details and explanations are needed for the data acquisition section. While line-scan (pushbroom)
systems are widely used, many researchers also used area scanning mode (rarely point scanning, aka
whiskbroom, mode) for studying plant spectral responses. To the best comprehensiveness, it would be
better to briefly introduce all three scanning modes including basic system setup and pros and cons of
using each mode. A figure may be added for the best illustration of the system setups.

e We appreciate this suggestion. A figure showing the different techniques for hyperspectral imaging has
been added.

3. Data pre-processing (e.g., reflectance calibration or flat field correction)/meta-data information is
utmost important for sharing plant hyperspectral images. Authors may consider to emphasize this
importance and provide more information on how to select reference targets. For example, Spectralon
targets are generally in good quality with known spectral characteristics, so data collected using this
type of reference targets could be directly shared as long as the target model number and manufacturer
are provided. In case Spectralon targets cannot be used (due to either cost consideration or spatial
limitation), inexpensive alternative references can be used but the reference spectral characteristics
should be provided as meta-data to ensure the reusability and comparableness of shared datasets.

¢ The link to the spectralon manufacturer was added, furthermore the sentence: “When sharing datasets
the reference spectral characteristics should be provided as meta-data to ensure the reusability and
comparableness.”

¢ Now this point should be emphasized.

4. Authors may consider use "flat field correction" as the name for the section of "reflectance calibration
/normalizing ...". An important feature of applying Eq.1. to images is to reduce nonuniformity caused by
either the imaging chip, illumination, or both.

e This has been changed accordingly.

5. In the section of "preparation for ML", please consider adjusting the description order as "training",
"validation", and "testing", which is logically natural and widely used by research communities. Authors
may also consider cite a technical-driven review paper on feature selection. This will help readers to
further the understanding and knowledge of the techniques can be potentially used.

e This has been changed accordingly.

6. It would be very interesting and useful if authors could provide a table to list some publicly available
datasets that were collected by following the general workflow. This will in turn help the technical
community to obtain domain datasets for the development of new tools in the future.

e We really appreciate this suggestion. Nevertheless, community is still lacking of hyperspectral datasets
of plants with open/free access. This defines a todo for the future. We hope that this study will give a
good basis for publishing a technical proper dataset.

7. There are some repeated words and typos to be carefully checked by the authors. For example:



"publications" in the abstract and "bedefined" to "be defined" in the Data acquisition and processing
section.
e This has been changed accordingly.

Reviewer #2: This is a review paper focusing on close-range hyperspectral imaging for plant assessment
in the greenhouse and laboratory scales. Given the broad interest of using hyperspectral imaging for
plant phenotyping research, as well as the complexity of data structure and analysis method, this
manuscript is quite timely and relevant. The hyperspectral image is known for its large data volume. The
topic thus is appropriate for the journal. The paper covered the topics including camera and
measurement setup, data preprocessing, and data analysis/interpretation. The authors' argument is that
a standardized workflow for image acquisition, processing and analysis is needed to make the data
comparable among various labs, which is a valid point. The paper provides a good technical summary of
hyperspectral imaging (such as camera and imaging stage setup, white referencing), and gives a good
compilation of its applications on plant assessment that can be useful for the phenotyping research
community. My major comments for the authors to consider improving the manuscript are in the
following.

Section of spectral smoothing. The authors only discussed Savitzky-Golay method and missed many
other methods that are common for spectral preprocessing.

In addition to spectral averaging (binning) that the authors also discussed, other methods like
Multiplicative Signal Correction and Standard Normal Variate are also widely used. Other preprocessing
such as first and second order derivative are also common. Note Savitzky-Golay can also be used for
differentiation. I think you need to mention these methods rather than just Savitzky-Golay.

* We have added these methods together with a literature link.

Preparation for ML. You discussion of calibration set, validation set, and test set are not correct. In
machine learning, calibration set is for model calibration (to calibrate model parameters), validation is
for model hyper-parameter tuning, and the test set is to evaluate the performance of the developed
model. Please make sure you express this correctly. In some implementations, an explicit validation set
is not used where model calibration and hyper-parameter tuning are conducted together. In these
implementations, test set is also referred to as validation set. I would recommend the authors to read
some of the literature on NIRS analysis, as when the images are reduced to the spectrum level, the
(pre)processing and analysis share commonalities. There are quite a few publications recently on using
VIS-NIR-SWIR for leaf analysis in the context of plant phenotyping. Please study those so you can see
calibration/validation schemes and spectral preprocessing.

e The description of the machine learning sets has been changed accordingly.

The explanation following Equation 1 was poor. I cannot understand it. Please revise.

e The explanation has been changed.

There is significant room for the authors to improve the writing and presentation of the manuscript.
There are quite a few places where the wording and phrases can be improved. Please see my comments
on the attached document.

e Comments in the PDF version of the draft have been inserted and the text changed accordingly.

Reviewer #3: This paper presents a workflow for researchers using hyperspectral imaging for
phenotyping applications, specifically based in greenhouses and laboratory settings. This paper is very
timely and quite necessary, in my opinion. Overall I think the paper is well organized and presents
information that will be very useful for researchers as they design their experimental setups. My
background is remote sensing, specifically hyperspectral, so many of my comments and suggestions are
based on lining up the language in this manuscript with the language used in the existing remote
sensing literature base. Since remote sensing researchers have been working with hyperspectral since
the 1980s, I believe this will allow readers to find established and published methods that can directly
apply to plant phenotyping without having to 'reinvent the wheel'. I am also assuming that most of your
readers may not be familiar with hyperspectral. Especially since if I were new to hyperspectral for
phenotyping, I would start with reading this paper!

General Comments:

* To be technically correct, use the term hyperspectral instead of spectral. RGB imagery is also spectral,
but it just happens to be broadband and only three bands.

e This has been changed for the plant imaging sections. For the technical sections we focused on the
spectral calibration and the techniques, thus we think the term spectral is here appropriate.

* The camera characteristics and measuring setup section should be broken up into two sections. One



for camera characteristics and one for the measuring setup. The camera characteristics description is
thorough, but I would like to see more details (or more explicitly stated) on the experimental design or
measuring setup. Specifically, the authors could elaborate on the following topics:

e As the authors mention, illumination is a significant factor in collecting high-quality data. Not all bulbs
will work appropriately - what things do researchers need to know not to have illumination issues? Why
should any fluorescent lights be turned off before collection?

e We clearly see that illumination is an highly important facor. Thus an extra section “Using illumination
for measuring” has been added to the text.

e Side-view versus nadir image collection - why would you choose one over the other? Why will side
view not translate to outdoor image collections?

e This has been added accordingly in the section “Measuring setup”.

e The inclusion of a reference panel (briefly mentioned in a different section) in the scene. Should it be
all scenes or a preferred location within a scene?

e This has been added accordingly in the section “Measuring setup”.

e A discussion on the field of view of the camera and how to determine camera height based on the
sample being collected and desired spatial resolution.

e This has been added accordingly in the section “Measuring setup”.

e Pushbroom versus integrating cameras

e This has been added accordingly in the section “Camera characteristics”.

e There needs to be a better description of each of the remote sensing data levels. At the moment, the
terminology isn't quite correct, and the clarity is missing (Radiometric calibration section). Specifically, it
would be important to define digital numbers, radiance, and reflectance data levels. They each have
very different factors that influence them and require different corrections.

e This has been added accordingly in the section “"Radiometric calibration”.

e Do not use the term normalization for reflectance retrieval. Reflectance calibration is ok, but to match
the remote sensing literature, reflectance retrieval would be more accurate.

e This has been changed accordingly.

Specific Comments:

Abstract > Results: "This review describes a general workflow for the assessment and the processing of
hyperspectral plant data at the greenhouse scale." I would add greenhouse and laboratory scale since
this is the first mention of the measurement scale and it will match the title

e This has been changed accordingly.

Abstract > Conclusions: I would have this start on a new line like Background and Results.
e This has been changed accordingly.

"This publications provides a structured overview on implementing hyperspectral imaging into biological
studies."

Publication should be singular. I would also add at the end "at the greenhouse and laboratory scale".
This paper would not be useful for outdoor collections with UAV or airborne sensors.

e This has been changed accordingly.

Key Words: Make sure to include hyperspectral.
e This has been changed accordingly.

Key Points: hyperspectral not spectral, needs to be structure for evaluation of what?

e This has been changed accordingly.

"During the last years, spectral sensing of plants has developed as a valuable tool for plant phenotyping
[11[21."

Rewording - "During recent years, hyperspectral sensing...." I think it is important to say hyperspectral
instead of spectral. RGB is also spectral, but it just happens to be broadband.

e This has been changed accordingly.

"The principle of hyperspectral imaging (HSI) is based on the fact that all materials reflect
electromagnetic energy in prominent patterns and specific wavelength due to difference of their
chemical composition and inner physical structure [3]. Spectroscopy is defined as the method of
acquiring and explaining the spectral characteristics of an object regarding light intensity emerging from
molecules at different wavelengths to provide a precise fingerprint of an object."



This sentence needs some rewording. This is not the principle of hyperspectral imaging but remote
sensing in general. The difference between hyperspectral and other remote sensing is that hyperspectral
is characterized by measuring hundreds of narrow bands in the electromagnetic spectrum. For any
remote sensing sensor, the measured signature is the result of a material's chemical composition and
inner/outer physical structure. It is important to note that the spectral signature is not just the inner
leaf, especially since that depends on the part of the electromagnetic spectrum that is measured.
Additionally, it is important to specify HOW hyperspectral is different than multi-spectral sensors
(specifically RGB cameras are mentioned). In the paper, a lot of great examples are shown using
hyperspectral. Still, I think the introduction could use one sentence saying why someone would invest
the extra time/money/effort into using hyperspectral over an RGB camera. Lastly, spectroscopy can also
be collected with a point spectrometer instead of an imager. There is a whole literature base that uses
point spectroscopy for phenotyping, which is not the focus on this paper. I would add a single sentence
acknowledging this difference. Also, it may not be apparent to readers that spectroscopy equals
hyperspectral, and I would say that hyperspectral is more commonly used in the plant sciences
literature.

e This has been changed accordingly. We hope that it now fulfills the claims of the reviewer.

"Spectral cameras have become affordable that increase the visible spectrum (400 - 700nm, VIS) of
RGB-cameras by the ultra-violet (200 - 400nm, UV,[5]), the near infrared spectrum (700 - 1000nm,NIR,
[6]) or even the short wave infrared spectrum (1000 - 2500nm, SWIR, [7] )."

This sentence needs rewording. Hyperspectral cameras have become more affordable and as a result,
more commonly used? Compared to RGB cameras, they increase the spectral resolution and spectral
range?

e This has been changed accordingly.

Reflectance imaging of plants has been related to plant tissue characteristics [9], to detect abiotic
stresses [10] or plant diseases [11].

This is the first time the term reflectance is used, and it might be easier for readers who are not familiar
with this data type to use hyperspectral instead (until you get a chance to define reflectance in the Data
Acquisition and Processing section). This list, as written, suggests these are the only applications of
hyperspectral imaging of plants. I would add at the end "among others" to give some flexibility.

e This has been changed accordingly.

"To introduce HSI as a state-of-the-art tool for plant phenotyping a literature overview is presented
showing the different biological objectives what hyperspectral sensors are used for in the laboratory and
greenhouse scale starting from stress detection and disease classi—fication to a linking to molecular
analysis (QTL analysis) grouped by the introduced level-description."

Suggested rewording - "To introduce HSI as a state-of-the-art tool for plant phenotyping, a literature
overview is presented showing the different biological objectives can be achieved with hyperspectral
sensors in the laboratory and greenhouse settings including stress detection, disease classi—fication, and
molecular analysis (QTL analysis)."

e This has been changed accordingly and by suggestion of an other reviewer.

"The following paragraph introduced introduces techniques to overcome different ..."
Typos: "The following section introduces techniques ..."
e This has been changed accordingly.

"A comprehensive literature review shows examples for hyperspectral application from biotic stress
detection like disease or virus detection, abiotic stress detection like heavy metal or cold stress and
plant trait extraction like biochemical traits or leaf water content."”

Since this is the start of a paragraph, please include again this is at the greenhouse/laboratory scale.
e This has been changed accordingly.

Table 1: Please include in the caption this is for the greenhouse/laboratory scale. I'm not as familiar with
hyperspectral greenhouse studies, but there is only one citation for each of these?
e A describing sentence has been added to the table caption.

"Spectral systems and resulting data differ in the way the camera is calibrated and the data is
processed."

These are not the only ways hyperspectral systems differ. As mentioned in the following sections, there
are many other factors. Perhaps a more generalized sentence? "Hyperspectral systems and resulting



data will vary due to many factors, including camera characteristics, experimental setup, calibration, and
data processing.

e This has been changed accordingly.

"... sensor wavelength calibration, the instrument function, the radiometric calibration and spectral and
pixel binning."

What is "the instrument function"?

e Instrument function and point spread function need a detailed introduction which has been given in the
section “Instrument function / point spread function - overcoming spectral distortion”

"Four categories of factors that influence the measured spectrum of plants can bedefi-ned."

Add space between be and defined.

e This has been changed.

Also, these four factors are HUGE when collecting hyperspectral data and often result in the most errors
or incorrectly interpreted data. I love the figure and that these factors are mentioned, but I think they
could use a little more elaboration. How might each factor impact your data? The last sentence starts to
address this, but in my opinion, it is too much of a summary of all of them. For example, spectra
variability due to differences in genotypes is not caused by the optical configuration but the plant's
properties.

e We clearly see this point and its importance. Nevertheless a quantification of the influence of the single
error sources is rather complicated and needs test series with high quality calibrated recordings. Thus
we hope that the summary approach is sufficient for publication.

Camera characteristics and measuring setup As mentioned in general comments, I believe this section
should be split into two, which would allow authors to go into detail about how the measurement setup
is critical for high-quality measurements. As I progress through specific comments, I will highlight
sections that could be expanded on or moved to the measurement set up section.

e The section has been split and changed accordingly.

"Hyperspectral cameras for plant phenotyping often are line scanners (pushbrooms) as this type of
sensor is commonly used in plant science or for high throughput analysis as it, unlike snapshot cameras,
provides a very high spatial and spectral resolution."

This sentence is awkward and could use rewording. While they are often line scanners there are other
hyperspectral camera systems. Since this is a literature review, mention those scanners and how they
are different. In the measurement setup section, the pros/cons of each could be explained.

e This has been changed. Furthermore a complete new figure has been added.

"The next step, the transfer of these sensor types to the field scale has already been started for tracking
the canopy development in cereals [37] or as an open-source and open data project of Terra-Ref [38]."
My remote sensing background has significant issues with this sentence. Hyperspectral data collection
has been happening for decades with airborne sensors or point spectrometers for plant applications.
Including predicting nitrogen content and canopy development. Since this sentence doesn't add to the
camera characteristics section, I would remove it or reword so that it doesn't exclude a whole body of
research (which is outside the scope of this paper).

e This has been changed. The sentence has completely been removed.

Wavelength calibration: I'm quite confused by this section. The wavelengths that sensor measures
should be set by the manufacturer. Are there enough people creating their own hyperspectral sensors
for this section to be applicable? In my experience, wavelengths rarely drift, and if they do, the
manufacturer would prefer to do the correction. The sentence "The wavelength calibration describes the
comparison of measured spectral values with known values [40] and consequently, the mapping of the
dispersed geometric access to wavelength in nm." sounds like it is discussing reflectance retrieval, but
that is a different section. The sentences "A polynomial =fit of the geometric position of the atomic
emission lines on the chip and the known wavelength is conducted. This step is usually performed



preliminary by the manufacturer and enables displaying the spectral axis in units of wavelength (nm)."
Sounds like you are discussing the conversion of digital numbers to radiance, but that is also another
section. I've also never heard the term dispersed geometric access, so it would probably be good to
define? Now, it is important to know that each band has a spectral response function (again generally
provided by sensor manufacturer or estimate by Gaussian function). This information is critical to
resample a camera to another camera spectral resolution.

e We agree with this comment. A wavelength calibration should be performed by the manufacturer. The
scope of this publication is to introduce all aspects of hyperspectral calibration. After a longer discussion
with a specialist of a worldwide spectrometer manufacturer we can say that the majority of the users,
especially scientists, build hyperspectral cameras, especially push broom and whisk broom systems
themselves and thus need to perform their sensor wavelength calibration by themselves.

e The sentence has been changed access ¢ axis. The confusion should be solved now.

o We deeply re-discussed this text section and think that we could improve the quality and readability.
This passage only focusses on mapping of pixel position on the camera to wavelength and not about
reflectance or radiance measuring.

"Due to differences in quantum efficiency of the detector and varying efficiency of the grating and other
optical components (lenses etc.), measurements using different optical systems of the same object
under same illumination conditions may not be identical [41]."

A sentence needs to follow this one that spells out to the reader that this data level is called digital
numbers. This data-level is influenced by sensor characteristics, atmospheric conditions, and surface
properties (in this example plants). This will emphasize the reason why sensors at this data type level
are not comparable.

This has been changed accordingly.

"To correct for such instrument related differences, radiometric calibration of the measurement device or
white referencing is needed."

* White reference is NOT used for radiometric calibration. Many software programs will incorporate the
radiance to reflectance step into one which would use the white reference. However, the term white
referencing is specifically for converting to reflectance. This is a critical difference when making
measurements outdoors, but it worth separating here.

This has been changed accordingly.

* It is also important to tell the reader what the radiance is, especially since there are many plant
applications (such as photosynthetic studies) that require radiance values, not reflectance. This data
product is influenced by the light source, atmospheric absorptions, and surface properties, but it does
remove camera factors.

Now it should be more clear and more explicit.

* To convert from DNs to radiance, a gain and offset per band are applied to the data which are
provided by the sensor designers or engineers. Software provided by the manufacturer should have
those values automatically provided. IF they don't, then you have to develop them yourself, which is the
description actually provided in this section.

"In many applications absolute radiometric calibration is not required. Often it is sufficient to use a
relative spectral calibration to correct for the spectrally varying system efficiency. A simple white
referencing and dark subtraction is sufficient for reflectance measurement."”

This needs to be reworded. Right now, it jumps from radiometric calibration to a reflectance
measurement - which has not been defined. Also, this depends on the camera system. Often it is
possible to 'skip' the radiance conversion because it a linear regression with DNs, but this is not the case
with every camera (depending on the camera characteristics it can be non-linear spectrally and
spatially).

This has been changed accordingly. And a few more explicit sentences have been added.

Spectral and spatial binning: Yes, SNR can be increased when data is binned, but many new users will
do this incorrectly. For example, many hyperspectral sensors have 'bad bands' towards the upper and
lower range of the sensor. Bad bands are those defined with having very high noise and unreliable
measurements. These bad bands are lower SNR ratio than other bands because they are at the upper
limits of the sensor's capabilities. There can also be bad bands due to atmospheric conditions, which in a
greenhouse with high water vapor could be strong. I also feel like this is not necessary for all cameras
and really depends on the SNR of the camera used. My suggestion would be to word this as an optional
step and explain when a user should consider these methods. Especially since there are sections on



dimensionality reduction and spectral smoothing which also impacts the spectral data.

This has been changed. A new sentence dealing with the lower and upper spectral area and how to
handle it has been added.

"Thus it can be stated, that a slightly spectral binning will not affect the informative value of the
remaining spectrum."
Slightly? I think a different word might more appropriate.

¢ This has been changed to “limited” we hope that this is fine now.

"It includes pre-processing steps where the normalization is performed, the spectral smoothing and 3D
correction up to a masking of the object of interest and data splitting, dimension reduction and feature
selection for ML."

This sentence is awkward and could use rewording.

e The sentence has been changed.

Reflectance Calibration: Do not use the term normalization for reflectance retrieval. Define what the
reflectance data level is and what the units are. It is important for the readers to know that this data
level removes camera effects, atmospheric conditions, and lighting effects, so only the surface
properties remain. THIS data source is comparable across camera systems, whereas the other data
levels are not.

e The term normalization has been changed in the complete study article. Furthermore a more
appropriate definition has been added.

"Most often highly reflective materials like barium sulfate (SphereOptics.com) act as a reference."

In my opinion, the reference panel is one of the most critical components of making high-quality
hyperspectral measurements. I would love to see this in an experimental setup section with a lot more
details. For example, the material does need to be highly reflective but also highly reflective across the
entire spectral range of the camera measures. Also, probably the most commonly used panel (but of
course more expensive) is a spectralon panel made by Labsphere. White paint for camera measuring
400-1000 nm can also be sufficient.

e Spectralon has been added as well as “across the entire spectral range”

"Alternatively the use of materials with a known spectral reflectance is established as a standard
procedure."

Yes! I always recommend a black, light gray, and dark gray target also. These can be measured with a
point spectrometer to get a known reflectance value.

e This sentence has been added to the text.

"Performing the object scan right after including the associated dark image, the normalization step can
be described by formula 1:"

This formula is the most basic way of converting from radiance to reflectance, using only a single target.
In the remote sensing literature, it is referred to as the empirical line correction method. However, if you
have a variable atmosphere (such as a greenhouse with fluctuating values) or are covering a large area,
a single target may not be sufficient for good data. This is also true if the lighting conditions change or if
the data set is a time series. A more advanced empirical line correction method incorporates multiple
targets, which can make it robust to these changes. Conversion to reflectance from radiance generally
results in the largest data errors, so in my opinion is worth elaborating.

e To emphasize this point a new sentence was added.

¢ "For measurements in a greenhouse with a variable environment like a change in light condition, or
when measuring time series or measurements that cover a large area it it recommended to use multiple
targets or periodical re-calibration of the sensor setup.”

"Based on the assumption that the plant spectrum has a smooth spectrum and peaks within the
spectrum are results of outliers and noise the use of soft smoothing algorithms is valid."

This sentence needs to be clarified. Plant spectra can have peaks or valleys that are due to biophysical
or structural conditions that people may be interested in. Very sharp peaks that only span one or two
wavelengths are definitely noise. This is where a discussion of 'bad bands' that I mentioned before would
be useful. Again, this may not apply to all cameras and it may not apply to the whole spectrum
depending on the SNR.

e We see this point and appreciate this indication. Thus the part “covering just one or two bands” was



added to clarify this.

"Most established is the Savitzky-Golay smoothing algorithm [49] for hyperspectral data where 15
centered points and a polynomial of degree 3 has shown its applicability [50]."

This is highly dependent on the camera's spectral resolution.

e That is right. The sentence has been changed and the camera of the example has been added.

"Literature shows that an the use of erosion as a binary image processing technique is efficient."

Typo shown in italics. There should be a citation with this statement or is it the same as the following
sentence? Might be worth mentioning that some machine learning algorithms are robust to them
anyway. Also, I'm sure you are aware there is a whole literature for working with mixed pixels which
might be helpful for readers to know if their spatial resolutions are coarse.

e The authors think that Moghimi 2018 should be enough as a citation. The fact that some but not all
methods are robust to mixed pixels is right, but we think that this will be beyond the scope of this study
as we do not want to focus on ML techniques. But we are thankful for this comment.

Preparation for ML: I love that the authors chose to focus on machine learning techniques. I have found
too many phenotyping papers that rely on a vegetation index to retrieve their trait of interest. Why do
we have cameras that measure hundreds of bands if we are going to reduce them down to one value? I
would love to see one sentence on why researchers should use ML approaches rather than a vegetation
index.

e This has been changed. A short paragraph has been added in the beginning of “preparation for ML"

"To decrease redundancy within the dataset dimension reduction as it can be performed."

I would like to suggest a clarification for this sentence - "Dimensionality reduction methods can decrease
spectral redundancy and reduce data volume within the dataset."

e This has been changed accordingly.

"State-of-the-art techniques are principal component analysis (PCA, [55]), feature selection using
recursive feature elimination (RFE), ReliefF or correlation-based feature selection [56]."

I would change "state-of-the-art" to common since PCA was one of the very first dimensionality
reduction techniques. Or split it into two sentences - one with common and another with new
algorithms.

e This has been changed.

"If the data is coming from a single plant (trait level 1) the datacube can be used to derive very rough
information about the plant like the plant canopy [57]."

Very rough information? What does this mean? Instead of like, I would suggest "such as"

e This has been changed. Rought -> low resolved

"The correction of thehyperspectral information according to distance and inclination is needed."
Space needed between the and hyperspectral.
e This has been changed.

"In contrast to SVM or DT approaches, DL is based on N architectures and is based on very huge
datasets used for training."

Consider rewording to remove duplicate "is based on"

e This has been changed.

"DL approaches have been widely used on RGB images for the demands of plant phenotyping as there is
a classi—fication of root tips, shoot and leaves [61] [62] and can be depicted to be state of the art."
Remove there is.

¢ This has been changed.

"Usually the results of a classi—fication are presented by a confusion matrix, which indicates..."

Since the previous sentence said no labeled data was needed, it might be worth mentioning that the
confusion matrix does need labeled data.

e This is right, nevertheless, the labeled data is needed for evaluation. To clarify this, this paragraph was
moved to the supervised section.

"Thus, the setup has to tailored has to be tailored towards the size of the plantss."



Remove duplicate s on plants.
e This has been changed.

"Beside effects of the geometry, like the correlation between normalized difference vegetation index
(NDVI) and inclination, have to be taken into account or if possible have to be corrected [7]."

NDVI is not only influenced by leaf inclination but also more broadly canopy structure.

e The text clearly says that the datacube is affected by distance and inclination which includes effects of
the canopy structure. The authors think an additional emphasizing of this aspect is not necessary. Thus,
the text was not changed .

"When transferring results from the laboratory or greenhouse to the =field the work ow for using HSI is
different and has to be designed individually [66]."

I think this paragraph should be condensed significantly since it is definitely out of the scope of the
paper and a single paragraph would not be sufficient to explain how this workflow would be transferrable
to field settings. The reflectance retrieval process (referred to as normalization here) is completely
different for field collections. As mentioned most everything is different. I would summarize by saying
"The workflow proposed is not transferrable to field conditions which requires a very different
experimental set up to ensure high quality hyperspectral measurements."

e This has been changed.

"Especially when using high throughput imaging setups [21] combined with hyperspectral cameras
periodical imaging leads to huge datasets independent of the scale [37]."

This sentence is should be reworded.

e This has been changed.
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