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Many manufacturers have introduced robots, sensors, and IoT devices into their industrial sites, and used the
collected data from them tov improve the productivity. Specifically, sensors that moniter manual werks by workers are
expected to be used for incorporating the real-world work activity information into the cyberspace, enabling te
simulate manufacturing processes with machine and human generated data. Although sensor data are now easily obtained
by attaching a smartwatch or other sensors to a human worker, the data represent just a sequence of pumerical values
not high~level information that describes the work activities. Therefore, the development of work activity recognition
technologies that transform sensof data into high-level work activity information is required. ’

In this thesis, we aimed to address three challenges for the development of work activity recognition models and
their practical applications. The first challenge is the amount of training data. The cost of collgcting labeled
training-data to build a work activity recognition model for each worker in a factory is huge, and it is necessary to
build the model with a limited amount of training data to reduce this cost. The second challenge is the usage of data
from IoT devices. There are many IoT devices deployed in the site, which can be an important source of information for
work activity recognition
However, there is no dataset of for work activity recognition that includes both sensor data and data from IoT
devices. Due to the unique characteristics of IoT device data, it is necessary to explore the ways to combine sensor
data with IoT device data that take into account the characteristics of IoT device data. ’

The .third challenge is the interpretability of neural network-based work activity recognition medels. Neural networks
are considered to be black boxes, but it is important to improve the interpretability of the models in order to
-introduce the models into the actual industrial sites.

Different workers on a production line are assigned to different tasks. In addition, workers may change the standard
work processes depending on their skill level and other factors. Therefore, it is difficult to build a work
recognition model for a target worker by using training data collected from other workers. We proposed a lightweight
ordered-work segmentation network (LOS-Net), which is a lightweight model that extracts minimal necessary features and
can be trained on limited training data from the target worker. We evaluated LOS-Net using data collected from 11
actual factery workers and found that LOS-Net improved recognition perfermance by about 10% on average (Fl-measure
macro average) compared to baseline methods. .

Many IoT devices have been installed in industrial sites. The usage logs of the ToT devices strongly relates to the
user's activities and can be 2 very important source of information for work activity recognition. However, because
the data is generated only at the time when an ToT device is used, it is much sparse in time compared to general
sensor data such as .acceleration data. Therefore, a method to effectively fuse sensor data with IoT data should be
explored. To accelerate activity recognitioen studies based on the sensor and IoT data fusion, we developed a large-
scele multimodal dataset of packing work activity called the "OpenPack dataset.” We collected over 53 hours of work
activity data from 16 subjects and obtained 2¢, 129 work operation labels and 52,529 action labels. This dataset
provides a total of nine data modalities, including sensor data from inertial measurement units (IMUs), depth images
and keypoints, as well as usage logs from IoT devices. In addition, we proposed a method that effectively fuses
acceleration data with IoT device data. We evaluated the model on the OpenPack dataset and improved the Fl-measure
(macre average) by 0.03 pt compared to existing methods. )

In addition to the development of work activity recognition methods, we also addressed the issue of the
interpretability of activity recognition neural networks. Many recent activity recognition models, including models
developed in this study, rely on neural networks, There are few line managers whe are familiar with ICT, and it is not
easy for them to trust the results of neural networks, which are considered as black boxes. In this study, we applied
a method called activation maximization to the sensor-baseﬂlactivity recognition model in order to make the features
extracted by the neural network interpretable. Activation maximization is a method of visualizing feature
representations extracted by a unit in a neural network by generating an input signal to whiech the unit of interest
strongly responds. In generating such an input signal, the design of the regulérization term is important. ¥b. proposed
two regularization methods that use the unit outputs to determine if anomalous waveforms are generated and penalize

* them accordingly, Qualitative and guantitative evaluations of the generated waveforms were conducted to confirm their
effectiveness. '




7
MU EEOKREOE S K ONHYE

K 4 ( H KO OE B )
) K %
& N I i
g | W ek B Wi
“ﬁj@éfié Al % B B
Al % ok BF Her
Al % B T
Al % ok W R
BUBEOROEYS

BHEENTFHTTIE, THERO VAT 4 7 A U ZEOEXEBNEETHE T AL 20D
Bon-t YT —2 2 AW IEATERBTER IO, (TEERRE T L O AL R EORRICHOWT
WRTND, (EEBICEDTEENNET D7 a & 23O Z STl —HTiEe <, %
P EORMIIR E VW, %N EOTDITIE, (EET A L OBFICR MRy 7 OB EE
EE R D, RSLTIE, (EET A4 ORISR bRy 7 I BEOEWEEITEI O &
O, FEETEZRBET VABRBICEAT L 00 HEEHICE LT, LT ORI W Tk
_XTW5H,

1oHOERKEL LT, (EEEDOY =7 T T AT AL RV ELNTIEE Y 35— 2
O, FEEBOEETHZHAS D FHICL VR T 2 FIEEZIREL TV 5, (EEBDOIEENRIIE
BT LICRR LT ENEL, TR EOREBEIZTHMD OV FEO-O0FET — 2 2 KEICHE
THZELIIRNETHD, ZOD, VEOFET — X CHREREREFEET LV EREZL T
B MERETNVIE, BHERIEEXOE - HHOREMMKTFEGREDED T A—Z TIRADHEY 2 —
NNEEDERERET 2T a2 — NV EMAD I EERMET D, EBEOTHE TR SNZT —
2w W CRHMESER 21TV, BWEE TORREER LTS, 2O0HOERKEL LT, BYR
T AT A BT DIREEEO KBENIEE T — 2 &> NEME LTz, EESBICHIT D KB
TET — 2ty MIZNE TICELS, YEOBHOMEE#S 2 KEMMESEL 2 ENW/FEns,
Flo, T—HEy MIESE, MEHET —% LMEEOBRICEEXEDRBRIELTZ1TT A ADRr 7 %
RS T AERTERM T IEL BB LTS, 3 OBDOERMREL LT, EEFEHIZESL
ITEREFRE T VOBE N % R 2 7o, [TERERTE T VO Y ot A DRI bHET 222 L TW»
%, Activation maximization(AM) & FEIEIL D FEEZHAWT, BT T LD /) — RS 5 INE
ETF—2OREE b Lz, 20L&, J— FDActivationfEDIER & & 2 B AEEZFH L
TIEAMEIRE AR L, BEONMEE T — & LW & ARk L=,

ASCIE. VFEBAMAGAAT HIEE T ot A2 EBT 57O OHBEERE2ER L, T8
EED L S R BHITEN 2V EDOFE T — X TR LRIz E Tl BEFEFRIEICRLTK
ME72FERE T EA s LT\ b, Fio, BEERIEETENCET 2 KT — 2 v N &P TRESE
L. UEDTFOMEaI 2=2T 2 ICKEL BN L2, EEFEICES ATHRFRT T VAl L T
%, ICTIZRAT 2 Ak 3 (R & 7= B BB I AT RS IR 2 MBI R S 2B O BEEEM & 72 5 7]
R H 5, RimIZ LV ER SRR, AN XA TEENMAAENTAEE T 2B ADHZHR
M 1) b S D A A MBI FIEOMTE L LT, BEHRARICHES T EZANRKE N, Lo
T, RFwidtE L (SRS OB mLE LTHEOH D2 L0 L5805,




	22_情_020_吉村直也_要旨
	22_情_020_吉村直也_結果

