A 247

Proposal of a Data-Driven Weakly Supervised Learning Method for
Operation Mode Classification of Fuel Cell Garbage Trucks

Yida Bao Y Xiang Zhang ¥ Yiyuan Fang ¥ Wei-Hsiang Yang ' Yushi Kamiya

1) Waseda University, Graduate School of Environment and Energy Engineering
3-4-1-51-612 Ookubo, Shinjuku, Tokyo, 169-8555, Japan (E-mail: gitatsu.hou@toki.waseda.jp)

KEY WORDS: Software and its underlying technologies, Data visualization, Machine learning, Data driven (E3)

A precise understanding of operation modes, such as vehicle speed and payload, is essential for a data-driven based optimal energy
management system (EMS) of fuel cell garbage trucks as shown in table 1. However, manually creating training data (ground truth) for
machine learning incurs enormous costs. To address this, this study proposes a Weakly Supervised Learning (WSL) framework that
automatically generates weak labels from raw CAN data at a low cost and achieves comparable accurate classification that is robust even
in unknown operating environments.

Figure 1 illustrates the overall framework of the proposed WSL. First, a Weak Label Generation Module (WLGM) automatically
generates weak labels by integrating clustering on CAN data with corrections based on expert knowledge (e.g., physical thresholds).
However, the WLGM tends to overfit the rules of the calibration environment (in-domain) and exhibits vulnerabilities in unknown
environments. To overcome this, a CNN-LSTM model is trained using the generated imperfect weak labels. By learning the time-series
context (the cycle of empty — garbage collecting — loaded — garbage disposal), this model self-smooths the local noise inherent in the
WLGM and constructs a classifier that closely approaches the ground truth.

To verify the robustness of the proposed method in an unknown environment (out-domain), an evaluation was conducted using actual,
rigorous driving route data from Kobe City, as shown in Figure 2. The result presents a comparison of the classification accuracy (Micro-
F1 score) for each model (Figure 3). The WLGM, which directly relies on physical rules, showed a significant drop in classification
accuracy for modes such as “garbage collection driving” on the Kobe City data, exposing the vulnerability characteristic of rule-based
approaches. In contrast, the CNN-LSTM model, having learned the time-series context, effectively resolved the misclassifications of the
WLGM and achieved an overwhelmingly stable and high F1 score relative to the ground truth.

These results quantitatively demonstrate that the proposed method enables robust feature extraction capable of withstanding practical
real-world operations, even when trained on imperfect weak labels. This approach significantly reduces labeling costs and will greatly
contribute to the future social implementation of optimal EMS for fuel cell vehicles.

Table 1 Specifications of the Developed Vehicle
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Fig. 2 Ground Truth via GPS-Referenced Annotation (2024.11.14)
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Fig. 3 Accuracy Verification of Different Classification Methods



