1ERR,BHiH:SFf8 46 H 30 H
FRLRE B 5 25he2002033 j0003

HAERITFEBA SRS I E AR PR R F R T 32

FR M EE
VNS
I EARER
S A

(AAGE) SRAVEAIGHR AT « BP0 m Ry b2 F iR~ MBS TAMEZ a7 V2 Y A )
DSz HE 3 HFERR %

(&  ZE) Development of BPSD detective Al combined with a communication robot to
establish the digital twin in the nursing care fields.
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Research and Development Achievements and Significance

In dementia care settings, it is often difficult to continuously obtain accurate
information directly from persons with dementia. Care records therefore serve as an
essential information infrastructure for care decision—making, early recognition of
behavioral and psychological symptoms of dementia (BPSD), and medical-care collaboration.
However, care workers must handle BPSD responses, monitoring, toileting, eating, mobility
assistance, and other daily care tasks simultaneously, which can delay documentation,

reduce record quality, and make care decisions dependent on individual experience

This project aimed to establish a digital-twin—based care support platform that includes
humans in the loop by integrating “DeCaAl (Dementia Care—Assist Al System) ~ with
monitoring robots. The platform combines voice input, speaker identification, natural
language processing, care records, environmental and vital sensor data, and BPSD early-—
risk detection. The system was designed not to replace care workers, but to support their
observation, judgment, and intervention through documentation assistance, early-risk
notification, care recommendations, and robot-mediated alerts.

The main technical achievement was the expansion of the BPSD prediction framework.
Previous related research mainly focused on a high-PPV event—classification approach, in
which BPSD onset events were extracted in advance and pathological categories were
classified from data immediately before onset. In contrast, this project expanded the
evaluation design to a high-NPV continuous time—series early-risk detection approach,
assessing whether BPSD would occur 30 to 60 minutes later using one—minute time—series
data without prior event extraction.

Because most time periods in actual care settings are non—onset periods, this evaluation
design has a rare—event structure. In such a setting, positive predictive value (PPV)
tends to be structurally low, while negative predictive value (NPV) is important for
identifying stable periods and supporting preventive care timing. In the final
evaluation, PPV was 2.4% and NPV was 98.9%. Independent validation showed AUC 0.87, Fl
score 0.79, and MAE 14.2 minutes. External validation showed AUC 0.82 and F1 score 0.75
suggesting a certain level of generalizability across facility differences. Operational
alert evaluation also showed that, among 1,342 alerts, approximately 68. 4% corresponded
to BPSD onset records within the predefined assessment window, and the median time from
alert to intervention was 12 minutes

The project also verified language analysis, intention analysis, emotion recognition,
voice—based documentation, and care record linkage. Staff utterances were separated into
conversation mode and care-record mode, while care recipient utterances were incorporated
into care records as “S: subjective information” and linked to dialogue support and
DeCaAl. In care-record mode, input text was segmented into F-SOAIP format and connected
to care record workflows. Reference analyses based on past proof-of-concept data
suggested reduced documentation time and fewer missing records; however, these
quantitative effects were not reproduced in the FY2025 field verification alone
highlighting the need for operational standardization and UI/UX improvement.

The significance of this project lies in redefining care records as data infrastructure
for BPSD early-risk detection, care recommendations, and care worker support. By
integrating voice, records, sensor data, Al prediction, and robot interfaces, the project
demonstrated the technical potential of a human—centered digital-twin care platform.
Future work will integrate individualized BPSD prediction with high-NPV early-risk
detection into a two—stage care support model and develop these outcomes into a robot-—
agnostic care Al integration platform, provisionally named “MIMORI 0S.”



