
Details on the training of the deep-learning model for maize collar detection

A dataset of collar positions was created by annotating images of a random subset of 30
plants with various GxE interactions (excluding plants already used to validate the pipeline).
For each plant, a set of 20 RGB images from various time points at various angles was
selected. For each image, VGG Image Annotator [Dutta et al., 2019] was used to annotate
the (x, y) position of each visible collar. Collars were only annotated when their position on
the stem could be determined without ambiguity. A total of 3284 collars were annotated out
of 600 images.

Then, for a given annotated image, a 416 x 416 subpart of the image (vignette) was
selected, taking as its center a point randomly chosen along the stem. This vignette was
attached to its corresponding labeled data, i.e. the position of the collars visible on the
vignette. This process could be repeated automatically as many times as desired. Thus, 25
plants were used to generate a training dataset of 40,000 vignettes and labels. The 5
remaining plants were used to generate a validation dataset of 4,000 vignettes and labels.
The train dataset was augmented by using horizontal flipping.

The training dataset was used to train a Yolov4 object detection model, using the yolov4-tiny
architecture, with the default parameters [AlexeyAB, 2020]. Training vignettes and labels
correspond to the training input and output respectively. The Yolov4 model predicts bounding
box positions (x, y, w, h) by default, where (x, y) is the position of the upper left box pixel, w
the box width in pixels and h the box height in pixels. Since only the bounding box center
position matters here, w and h were fixed at a constant value of 50 pixels in the training and
validation datasets. The validation dataset was used for training monitoring (data such as
learning curves are not provided). The training process was realized for a total of 20.000
iterations. We inspected the learning curve to detect when the loss stopped decreasing on
the validation dataset (approximately at 8000 iterations). We thus selected and saved the
model after 8000 iterations of training.
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