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Technologies of inertial sensors are developing fast, with those sensors being available in wearable
devices, enabling various human activity recognition systems by using sensor data collected from
humans. In the industrial domain, sensor data collected from individual workers will be crucial for
smart manufacturing to achieve professional management, improving productivity from two aspects: (1)
optimizing work processes and(2) optimizing skill training for workers

In line-production systems, which are common in factories, each factory worker repetitively performs
a predefined work process, with each period (one iteration of a complete work process) consisting of a
sequence of operations. This thesis aims to recognize the starting times and duration (or end times)
for individual operations in a work period by analyzing sensor data collected from the workers in an
unsupervised manner to help factory managers optimize work processes.

To recognize the starting times and duration for individual operations, this study explores two
approaches based on data characteristics. We propose the similarity-based approach, which leverages (i)
semantic similarities between operations predicted from the process instruction document and (ii)
sensor—data similarities in an individual operation between consecutive periods, in addition to (iii)
trend changes in the sensor data detected by a trend change detection algorithm, and (iv) frequent
sensor—data patterns (motifs) discovered in the overall assembly work processes. We evaluated the
proposed method using sensor data from six workers collected in actual factories, achieving a
recognition accuracy of 80% (macro-averaged F-measure)

The other is the structure—based approach that focuses more on frequent sensor data motifs, which
correspond to particular actions performed by the workers that appear in every iteration of the work
periods. Specifically, we propose to track two types of motifs: period motifs and action motifs, during
the unsupervised recognition process. A period motif is a unique data segment that occurs only once in
each work period. An action motif is a data segment that occurs several times in each work period
corresponding to an action that is performed several times in each period. Tracking multiple period
motifs enables us to roughly capture the temporal structure and duration of the work period. Action
motifs, which are spread throughout the work period, permit us to detect the start time of each
operation precisely. We evaluated the proposed method using sensor data collected from workers in
actual factories and achieved state—of-the-art performance.

In addition, to discover skill knowledge from workers, industrial engineers have manually identified
activity differences between skilled and unskilled workers by watching video recordings or sensor data
to obtain skill knowledge. However, a factory has many workers, and manual comparison between pairs of
workers is time—consuming. This thesis aims to identify acceleration sensor data segments with activity
differences to help industrial engineers find skill knowledge efficiently to optimize skill training.

To identify candidate segments with activity differences, we propose an attention—based neural
network to visualize the importance of segments within input acceleration data that contribute to
classifying the input data into a skilled or unskilled class, which is useful to identify activity
differences between skilled and unskilled workers. Our proposed method consists of three phases: (1)
network training for the skilled/unskilled worker classification and for attention layers that
emphasize the input segments with significant activity differences, (2) detecting activity differences
which uses attentions to find input segments to select candidates of segments containing activity
differences, and (3) identifying corresponding activities of the candidates in input acceleration data
from the other worker class. For instance, when an action of screwing by a skilled worker is
identified by the attention mechanism, the corresponding sensor data segment of the screwing action by
an unskilled is identified in his sensor data. Finally, the system outputs every candidate of activity
differences and the corresponding segments of the other worker class. We evaluated our method using
four workers’ data in two types of works and ask an industrial engineer to assess the performance of
identifying candidates of activity differences by the attention mechanism.
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