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ABSTRACT

Potato cultivation is regularly affected by Alternaria solani, a destructive foliar pathogen causing early blight, a
premature defoliation of potato plants resulting in yield losses. Currently, Alternaria is treated through preventive
application of chemical crop protection productions, following warnings based on weather predictions and visual
observations. Automatic detection could make the mapping of early blight more accurate, reducing production
losses and application of crop protection products. Current research explores the potential of deep learning
of high resolution imagery within precision agriculture, mainly using supervised learning. However, available
datasets are often limited in size and variation, which reduces the robustness of the developed models. Here, we
present a convolutional network to detect Alternaria and evaluate the influence of sampling size, sampling balance
and sampling accuracy on the model performance. These analyses are based on ultra-high-resolution datasets of
modified RGB cameras obtained with unmanned aerial vehicles (UAV) and collected over experimental in-field
Alternaria trials. By using this varied dataset instead of a single-time dataset, higher accuracies are achieved.
The method is relatively robust for imbalances of the training dataset. Further, we show that labeling quality
plays a role, but that an error of up of to 20% of labeling is acceptable for good results. In conclusion, extra

variability leads to more robust disease detection, desirable for in-field application.

Keywords: Alternaria solani, potato crops, supervised deep learning, UAV, ultra-high resolution, modified RGB,
labeling quality

1. INTRODUCTION

Although potato is the third-most important food crop in terms of global consumption - with an annual production
of 360 million tons,' potato yield is relaively unstable and fluctuating, due to diseases, pests and abiotic stress. One
of these stressors is Alternaria solani, worldwide the second-most destructive foliar pathogen in potato cultivation
causing premature defoliation and substantial yield losses. Nowadays, a cocktail of chemical crop protection
products is used on regular intervals to prevent the outbreak of the disease, following early warnings based
on weather forecasts and visual inspections. These chemical products have large economic and environmental

impacts, which could be reduced if more automated symptom detection were possible.?

In the recent past, applications of automatic detection of deviating patterns using deep neural networks
(DNNs) emerged in a multitude of sectors.® The strength of DNNs for agricultural application is the ability to
learn features directly from data, enabling them to automatically capture the variability in cultivars, growth

stages, growth conditions, and others. Consequently, a large number of studies within the precision agriculture
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context used this deep-learning technique in recent years.»® The use of DNNs also emerges in research within

8,9

potato cultivation in applications of automated disease detection on tubers,® 7 leaves,®? and the entire plants.'®

However, deep learning also has it shortcomings, especially concerning the high need of data. This is reflected
in the high presence of deep-learning techniques in research, but their rather limited adoption in practice.® The
importance of a large and diverse dataset should not be underestimated. The successful use of deep learning in
various fields is driven partially by the availability of large-scale, labeled and public datasets, such as ImageNet,'!
which are not readily available within the agricultural sector. Besides, to exploit the strength of DNNs and obtain
a robust model, the dataset must be sufficiently large to effectively cover the intrinsic variability of agricultural
data.'? On top of that, current state-of-the-art models are mostly based on supervised learning, which, in
addition to a rich dataset, also requires correct labeling. As labeling is a cost- and time-consuming process, it is a

bottleneck in supervised deep learning models.?

The contributions of this paper are twofold. First, we use state-of-the-art techniques to develop a binary
classification model, classifying small parts of images as Alternaria (1) or not (0). We use data collected on
field infection trials during two growing seasons in two different fields and with two different cultivars. Second,
we aim at investigating how some characteristics of a labeled dataset are influencing the results of the binary

classification model. To this end, three research questions are addressed:

i What is the minimal and optimal size of the labeled dataset?
ii How important is the balance of classes in a dataset for binary classification?

iii How do corrupt labels affect model quality?

The remainder of this paper is organized as follows. Section 2 describes the data acquisition, pre-processing
workflow, labeling strategy and model. Section 3 presents the result of the binary classification model, as well as
gives insights into the characteristics of the labeled dataset and their impact on the model. Finally, Section 4

concludes this paper and provides directions for further research.

2. MATERIALS AND METHODS
2.1 Field trial and image acquisition

During two sequential growing seasons (2019 and 2020), a field trial of the method based on Van De Vijver et
al.'® was established. The field trial was located at ILVO (Lemberge, Merelbeke, Belgium; 50.986535, 3.773013).
In 2019, four plots of 3 m x 3 m were inoculated with a concentrations of Alternaria solani spores of 3 x 10% per
ml on July 30. In 2020, four plots of 4 m x 3 m were inoculated with a concentration of 2 x 10% per ml and four
plots of the same size were inoculated with a lower concentration of 0.5 x 10® per ml on July 6. The cultivar
was Spunta in 2019 and Bintje in 2020. The plots were visually monitored on a daily basis, starting from the
day after inoculation. Data acquisition took place on a regular basis at 2-3 day intervals according to weather
conditions. The data used in this work were collected on August 5, 8 and 12, 2019 and July 11, 13 and 15, 2020,
respectively 6, 9 and 13 and 5, 7 and 9 after inoculation. Figure 1 presents an overview image of the field trial of
2020, showing the eight infected plots.

Images were captured with a Sony Alpha 7R III modified RGB camera equipped with a 135 mm lens (Zeiss),
installed on a DJI M600 PRO unmanned aerial vehicle (UAV) and at 10m flight height. A gimbal (DJI Ronin-MX)
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Figure 1: Left: overview image of the field trial in July 2020 with 8 plots of 4 m x 3 m; Middle: example of
modified RGB image; Right: Alternaria (top) and other patch (bottom).

was used to stabilize the camera and keep it in nadir-looking position. A modified RGB camera (red band
replaced by a NIR band) was used instead of a regular RGB camera. The advantage of this type of camera is that

the lesions caused by structural damage from Alternaria solani are more visible in the near-infrared spectrum.!?

Each image covers an area of about 2.5 m x 1.5 m and has a resolution of 0.3 mm. In Figure 1, an example
image is given of the area covered by an individual image. Based on the UAV logs, coordinates were assigned to

all images.

2.2 Pre-processing and labeling workflow

Labeling is performed on image patches of 256 x 256 pixels, as shown on the right of Figure 1. For this purpose,
the full images (7952 x 5304 pixels) were cut into grid pattern. From the available data of both years, a total of
12000 patches were selected for the labeling campaign, with equal distribution over the six measurement days and

plots.

To obtain sufficient variation, as well as to avoid selecting irrelevant patches, a pre-processing selection pipeline
was set up. In this pipeline, a predefined number of random images were selected. Proportionally, more images
were selected situated in Alternaria plots (72%), than in the control parts of the field, as images from Alternaria
plots also include sections without Alternaria. From these selected images, four subimages (512 x 512 pixels)
are selected which meet the following criteria: (i) sufficient sharpness, calculated using the perceptual-based
no-reference objective image sharpness metric (CPBD);™* (ii) lightness threshold to avoid shadow areas, based on
the lightness value in hue, saturation, and lightness (HSL); and (iii) sufficient vegetation to avoid background
images, based on a modified vegetation index (green leaf index (GLI)'® adapted to modified RGB by swapping
the green and red band in the formula). Four selected zones of each image are then further divided in four patches
of 256 x 256 pixels.

Labelbox!® was used to label these 12000 patches, with a class (Alternaria, Healthy, Dubious or Background)
assigned to each patch by three different labelers. Afterwards, only patches equally labeled by all labelers, so
having 100% consensus, were taken into account for further processing. For the binary classification problem,
this was reduced to two classes: Alternaria (1) or not (0). Patches with label “Healthy” or “Background” were
both placed in category 0, patches with label “Dubious” were disregarded. Afterwards, two small extra subsets
were labeled in a separate Labelbox project to include even more variation. The first subset contains 466 patches
picked from the data that did not meet the desired criteria of the pre-processing pipeline. The second subset

contains 1221 patches from images taken from the rest of the field (not in the Alternaria plots). After processing
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the various labels, a dataset of 3640 patches with and 2486 patches without Alternaria was extracted with 100%

consensus among the labelers.

2.3 Model and experimental datasets

The labeled dataset is split into train/test data with ratio of 85/15. For training, the whole training set (0: 2112
patches, 1: 3093 patches) is used, but the test set is limited to a balanced version (374 patches of each category)
to be able to compare the different experiments in Section 3. We trained a convolutional neural network (CNN)
with five convolutional layers (including max pooling) and five fully connected layers, each followed by a leaky
rectified linear unit (ReLU) activation, except the last one. The last fully connected layer is followed by a Sigmoid
activation function to map the resulting output values in the range of [0, 1]. The PyTorch framework'7 is used to
train the model on an NVIDIA GeForce RTX 3070 GPU with CUDA 11.'8 The initial learning rate was 0.001

and Adam' is used to optimize the gradient descent with L2 regularization, during 100 epochs.

3. RESULTS AND DISCUSSION

Table 1 summarizes the precision, recall, F1 score and accuracy of the described binary classification model
averaged over 20 runs. In Table 2, the corresponding normalized confusion matrix is given. These results are
based on the balanced test set of 748 labeled patches of different days in 2019 and 2020, averaged over 20 runs.

In the following subsections, the experiments and results concerning the three characteristics of the dataset

associated with our three research questions, are described.

Table 1: Resulting metrics for the binary classification of patches averaged over 20 runs. TP: true positives, FP:
false positives, TN: true negatives, FN: false negatives

Metric Definition Value

Precision TF?jkiPFP 0.876

Recall TPLEN 0.921
TP

F1 score TPT05x(FPEEN) 0.896

Accuracy % 0.892

Table 2: Resulting normalized confusion matrix on the balanced test set averaged over 20 runs.

Predicted
Other Alternaria
True Other  0.87 0.13
Alternaria  0.08 0.92

3.1 Impact of the amount of data

As mentioned in Section 1, deep learning is known for its need of large labeled datasets. In this experiment, we

focus on the required size of the labeled datasets. Therefore, the size of the training data is ranged from 200 to
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4200 patches, always balanced between both categories. It always starts with a random selection of 200 patches,

and adds 200 extra random patches in each step. The experiment is averaged over 12 runs.
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Figure 2: Graphical representation of the effect of the amount of labeled patches on the accuracy with 95%
confidence intervals over 12 runs.

Figure 2 displays the result of the experiment. As expected, the accuracy increases when a larger amount of
patches is used. The increase in accuracy is most noticeable for smaller labeled datasets and converges slightly
around 3200 patches. This shows that adding additional data does indeed help to improve the model, although it
will not help endlessly if no other things are changed. Further optimization of the variation in the dataset might
well improve this. Consequently, depending on the application and model, it is important to use a sufficiently

large dataset.

The confidence intervals also show that the variation in training data also influences the results. As the
selection is made randomly out of 3093 Alternaria and 2112 other patches, every run is using a different training
set. Of course, the higher the amount of patches, the less pronounced this random selection effect is, since by the

end most of the data has been used and is therefore quite similar in all runs.

3.2 Impact of the balance in the dataset

The balance between the classes in the dataset is commonly regarded as an important characteristic of a good
dataset. As this is an application of binary classification, the training set is varied from 0 to 100% patches labeled
as Alternaria, in 5% increments. The total amount of patches remains constant and is limited to 2100. The test

set is perfectly balanced. The experiment is averaged over 12 runs.

Figure 3 shows that at the extreme percentages (0 and 100), the accuracy is much lower as the model is only
trained on one class. The outcome however indicates that a perfectly balanced dataset is not required to give

good results, as ratios between 25 and 75% Alternaria patches generate similar results in overall accuracy.

3.3 Sensitivity to labeling quality

A third important characteristic of a good dataset for a supervised deep learning model concerns the quality of

the labels. For these experiments, all patches were independently labeled three times by different labelers. Only
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Figure 3: Graphical representation of the effect of the percentage Alternaria patches in the training set on the
accuracy with 95% confidence intervals over 12 runs.

patches that were assigned the same class by all labelers, and thus have 100% consensus, were taken into account.

Here, we want to assess the robustness of the method for dealing with wrongfully assigned labels.

The experiment tests the sensitivity of the model to correct labels through a varying amount of corrupted
labels. The total training set continuously consists of 4200 patches, with a 50/50 balance. However, each step, an
additional 5% of labels per category are inverted and thus incorrectly provided to the model during the training

process. The experiment is averaged over 10 runs.
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Figure 4: Graphical representation of the effect of the percentage corrupted patches per category in the training
set on the accuracy with 95% confidence intervals over 10 runs.

The decreasing curve in 4 indicates that the accuracy is strongly affected by the quality of the labels and, as

expected, that the model appears to be very sensitive to corrupted labels. When 15% of the labels per category
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are found to be wrong, there is a 10% drop in accuracy as compared to a fully correctly labeled set. From 20%
onward, there is a steeper drop in accuracy. When about half of the labels are wrong, the model is no longer

capable of achieving accuracies above 50%; once past half corrupt labels, the model actually learns the opposite.

4. CONCLUSIONS AND FUTURE WORK

The focus in this paper is on the potential of DNNs for supervised detection of Alternaria solani on ultra-high-
resolution modified RGB images. To this end, a convolutional neural network was proposed to conduct binary
classification on image patches of two consecutive growing seasons. The test results shows that the precision
and recall are 87.6% and 92.1% respectively. These high scores are presumably due to the fact that the training
dataset consisted of very diverse conditions by using data from different days in the disease progress, different

growing seasons, different cultivars and data captured in different weather conditions.

Furthermore, we assessed the importance of three dataset characteristics. Quantitative experiments demon-
strated that:

(1) the amount of labeled patches in the training set has a direct impact on the accuracy. In general, a large
number of training data is required (in our case, 3200 points) to achieve good results, but a further increase does

not lead to a significant improvement of the model performance.

(2) it is not essential to have a perfect 50/50 balance of labeled data. In fact, imbalances of the datasets

between 25 and 75% still showed good results in our study.

(3) it is important to be aware of the quality of the labels. A trade-off can be made between the effort and
time required for accurate labeling, relative to robustness. However, there is some room for error: an error margin

of up to 15% causes a 10% drop in accuracy.

Future work includes a study of the overall analysis of limiting the training data to certain measurement days
in order to check how well the model can adapt to the variation in data in terms of disease progression, growing
season or weather conditions. Another interesting future research path includes analyzing quality aspects of the
labeling campaign, such as the percentage of mislabeled patches per labeler as this work showed that quality is
significant. In addition, it may be of interest to develop techniques that require less extensive labeling, such as

active labeling or weakly supervision; this will remain the focus of future work.
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