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Semi-Supervised Learning for Agricultural Digital Twins

To alleviate human efforts of labeling large amounts of data for neural network model training, recent research proposes
semi-supervised learning, a combination of supervised and unsupervised learning. Using small amounts of labeled
data and large amounts of unlabeled data, semi-supervised learning trains an accurate neural network model in a
labor-efficient way.

We currently have a small set of images containing wheat seeds in the germination process, where agriculturalists
label the developmental stage of each seed according to its trait. In addition, we have a large set of images containing
unlabeled wheat seeds, and the size of the unlabeled dataset may expand over time. The goal of this thesis is to
design a semi-supervised learning framework that can recognize the different developmental stages of wheat seeds.

Figure 1: Potential semi-supervised learning framework.

Figure 1 presents the potential semi-supervised learning framework, the workflow of which consists of three steps.
Firstly, a weak model is trained using a small set of labeled data. Secondly, pseudo-labels are created for a large set
of unlabeled data using the weak model (Module 1). Thirdly, the weak model is retrained by incorporating unlabeled
data and the created pseudo labels (Module 2).

Potential tasks of this master thesis:

• Study the provided literature and understand the principles of semi-supervised learning.

• Train a weak model for seed germination recognition using a small set of labeled images.

• Design Module 1, where pseudo-labels should be created for a large set of unlabeled images using the weak
model.

• Design Module 2, where the weak model should be retrained by incorporating a large set of unlabeled images
and the created pseudo labels.
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• Design criteria for assessing model accuracy, and repeat the above steps until the criteria are met.

Basic requirements:

• Interest in various types of neural networks and good knowledge of the fundamentals of convolutional neural
networks (CNNs).

• Advanced skills in Python or C++, preferably with experience in implementing any CNN-based models, such as
Yolo, R-CNN, or Fast R-CNN.

• English skills.
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Contact:

Please get in touch with us (yunfeng.huang@tu-dortmund.de) if you are interested in this master thesis.
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