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Abstract
Background: This study aims to build a fall de—

tection and pressure ulcer monitoring system that
utilizes CCTV—based artificial intelligence (AI) tech—
nology specialized for nursing home environments
to proactively detect and prevent falls and pressure
ulcers in long—term care facility residents.

Design: Feasibility study

Methods: This study focuses on the development a
fall detection and pressure ulcer monitoring system
utilizing observational data on the movements of
residents in long—term care facilities, recorded
through home—based CCTV. The observational data
participants of this study were 26 patients with an
average age of 83.8 years residing in a nursing
home. Data were collected after obtaining written
consent from the study participants or their legal
representatives. Behavioral observation data will be
collected for one hour per day for 20 days, taking
into account participants' mealtimes, personal care,
personal schedules, and sleep patterns. To assess
the association between individual movement patterns
and risk of falls and pressure ulcers, we assessed par—
ticipants' general characteristics, risk of falls, risk of
pressure ulcers, and cognitive function. This study de—
velops a YOLO—Pose-based model that predicts key
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musculoskeletal points and detects related motion pat—
terns from CCTV of long—term care facility residents.
To train and test the system, motion data will be col—
lected for different fall-risk scenarios, including partial
upper—body movements or partial lower—body move—
ments when getting out of the bed and attempts to
lower the bed guard.

Conclusion: This study suggests the potential for
developing an early fall detection and pressure ul—
cer monitoring system by integrating existing risk
factors and real—time CCTV data in long—term care
facility residents.
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I . Introduction

Aging is rapidly progressing worldwide, and is recognized as one of the most significant demo—
graphic shifts facing humanity. According to a United Nations report, by 2050, over 30% of the pop—
ulation in 64 countries will be aged 65 and over, with significant implications across all sectors of soci—
ety, including healthcare, welfare, the labor market, and the economy(de la Concepcion et al., 2017).
South Korea is expected to enter a super—aged society (over 20% of the population aged 65 and over)
by 2025, a rate much faster than that of advanced economies (Statistics Korea, 2023). In particular,
with the baby boomer generation rapidly entering the elderly population, the proportion of the pop—
ulation aged 65 and over is expected to continue increasing over the next 20 to 30 years (Statistics
Korea, 2024).

Aging does not simply mean a quantitative increase in the population, but also entails various com—
plex problems directly related to the health, safety, independence, and quality of life of the elderly.
Rapid aging is causing various social and medical problems, such as an increase in chronic diseases,
dementia and cognitive decline, social isolation, a shortage of nursing staff and facilities, and a surge
in medical and social security costs.(Montero—QOdasso et al., 2022). These changes are significantly in—
creasing the demand for senior care services, and the need for social welfare infrastructure, particularly
long—term care facilities, is rapidly expanding (Kang & Kim, 2019). Consequently, systematic manage—
ment and preventative measures to address key issues threatening the safety and health of seniors in
long—term care facilities are becoming increasingly important.

Falls are one of the most common and dangerous accidents for older adults, and can have partic—
ularly devastating consequences for high—risk individuals with reduced physical function, such as those
living in long—term care facilities (Ambrose & Hausdorff, 2013; Cameron et al., 2018). According to the
Centers for Disease Control and Prevention (CDC), approximately 28% of the U.S. population aged 65
and older falls at least once per year (Grossman et al., 2018). Similarly, in Korea, approximately 25%
of older adults aged 65 and older fall annually (Hwang et al., 2017).The incidence of falls, particularly
among older adults admitted to long—term care facilities, is significantly higher than that of the general
elderly population. This is recognized as a serious problem, not simply a matter of frequency, but one
that impacts life, autonomy, and even social costs (Cameron et al., 2018). The most common physical
injuries are fractures and traumatic brain injury. Fractures, if not properly treated and rehabilitated,
can significantly impair the ability to perform daily activities. Traumatic brain injury can lead to cogni—
tive decline or serious neurological damage (Verma et al., 2016).These physical injuries can lead to psy—
chosocial problems, and the "fear of falling" that develops after a fall can lead older adults to limit their
movements, leading to a reduced range of activities. This creates a vicious cycle that increases the risk
of re—falling (Denkinger et al., 2015). This can exacerbate depression and feelings of helplessness, and
in the long term, can even lead to social isolation.

Pressure ulcers are one of the health problems that frequently occur in elderly people residing in
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long—term care facilities with limited activity (Bak et al., 2008). When the same posture is maintained
for a long time, the skin and soft tissues are continuously compressed, which blocks blood flow, leading
to problems such as tissue necrosis, pain, infection, and delayed wound healing (Kim et al., 2011).
Pressure ulcers are not just simple skin damage; they harm overall health and seriously reduce quality
of life. In particular, in long—term care facilities, it is often difficult to regularly change patient posi—
tions or provide pressure ulcer prevention nursing due to lack of staff and limitations in care. As a
result, pressure ulcers are often discovered late (Vanderwee et al., 2009).

Thus, fall and pressure ulcer are not simply accidents; they act as a complex risk factor that accel—
erates functional decline, significantly reduces quality of life, and increases social and economic bur—
den (Painter et al., 2012). Therefore, it is crucial to establish a system that can prevent falls in advance
and, when they occur, quickly detect and respond appropriately.In particular, in environments requir—
ing constant care, such as nursing facilities, the number of residents is insufficient compared to the
number of staff, and considering the difficulty in responding immediately to accidents at night or in
blind spots, the introduction of a real—time fall detection system is essential (Ministry of Health and
Welfare, 2022).

Early fall detection systems typically required users to press a button to request assistance. Later,
wearable devices based on accelerometers or gyroscopes, pressure sensors, and bed/chair sensors were
introduced (El—Bendary et al., 2013; De Miguel et al., 2017; Baec et al., 2015; Tanwar et al., 2022;
Comai et al., 2024). However, these methods have several limitations, including resistance to wearing
sensors, failure to detect when the device is not worn, difficulty distinguishing between daily activities
and falls, and difficulty in maintenance(Alharbi et al., 2023, Mohan et al., 2024).

The CCTV—based artificial intelligence (AI) fall detection system is designed to analyze the move—
ments of the elderly in real time by utilizing the CCTV infrastructure installed in existing nursing facili—
ties, and automatically detect and warn of fall situations through a deep learning—based Al algorithm
(De Miguel et al., 2017; Islam et al., 2020). Existing fall monitoring systems are often costly to construct
and implement, and they primarily focus on detecting incidents after a fall has occurred(Tanwar et al.,
2022). Moreover, these systems capable of simultaneously detecting both falls and pressure ulcers are
rare(Silva et al., 2021). In contrast, this study proposes a low—cost system that not only enables fall de—
tection and pressure ulcer prevention but also identifies early risk signs of falls through Al—based image
analysis, providing preemptive warnings before an accident occurs. Recent advances in deep learning
have made it possible to effectively distinguish between activities of daily living (ADL) and fall—related
behaviors commercially viable, and various models are being applied to fall detection. CCTV—based Al
systems offer privacy protection through a non—contact method, while also boasting high real—time
performance, ease of installation, and cost—effectiveness. These systems could be ideal for use in con—
fined environments like nursing homes, making them a next—generation fall prevention technology.
Furthermore, systems could be built that automatically detect changes in the movement of older adults,
analyze prolonged postures to predict the risk of developing pressure ulcer, and automatically provide

alerts when there is a period of inactivity (Gruenerbel et al., 2023; Silva et al., 2021).




120 W& X1 2383 %] Vol.32, No.3, 2025. 09. 30

Therefore, this study aims to build a fall detection and pressure ulcer monitoring system that utilizes
CCTV—based artificial intelligence (AI) technology specialized for long—term care facility environments
to detect signs of fall risk in nursing home residents in advance to prevent falls, analyze whether they
maintain posture for long periods of time to predict the possibility of developing pressure ulcers, and

comprehensively prevent and manage secondary health problems that may arise.

II. Methods

1. Participants

The sample size required for this study was calculated using G*Power Version 3.1.9.7 (Franz Faul,
University Kiel, Germany, 2020) through statistical evaluation. For correlation analysis (one—tail, corre—
lation p H1: 0.5, a error: 0.05, power: 0.8), a total of 23 participants were determined. Considering
a dropout rate of 10-15%, 26 participants will be recruited. After obtaining approval for research par—
ticipation and posting of recruitment notice from Gyeonggi—do G Nursing Home, data will be collected
through movement observation of a total of 26 elderly people recruited through the recruitment notice.
After the guardians of the research subjects receive a sufficient explanation of the research process
from the research director, written consent for the research process will be obtained.

Eligibility criteria for study participants included residents of G Nursing Home, a long—term care cer—
tification level, and a Huhn's Fall Risk Scale score of 5 or higher, indicating a fall risk. Exclusion cri—
teria included those with a Huhn's Fall Risk Scale score of 4 or lower, indicating no risk of falling, and

those who did not obtain written consent from a guardian.

2. Method
1) Procedure

This study focuses on the development a fall detection and pressure ulcer monitoring system utiliz—
ing observational data on the movements of residents in long—term care facilities, recorded through
home—based CCTV. Observational data will be collected after obtaining written consent from the re—
search subject or their legal representative for participation in the study. Behavioral observation data
will be collected for one hour per day for 20 days, taking into account participants' mealtimes, person—

al care, personal schedules, and sleep patterns.

2) Measurements

Prior to the experiment, this study will assess the general characteristics of the subjects, including
gender, age, height, and weight. Furthermore, to understand the participant' physical and cognitive
characteristics, fall risk, pressure ulcer risk, and cognitive function will be assessed.

Fall risk is measured using the Huhn Fall Risk Assessment Tool. This tool calculates a score from

0 to 24 based on eight items: the subject's age, mental status, bowel function, previous falls, activity
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level, walking and balance ability, and medication use. This score allows assessment of fall risk (low
risk, initiate fall prevention measures, high risk, and very high risk), and in a neurological re—
habilitation, this tool demonstrated a sensitivity of 98% for identifying fall risk(Hermann et al., 2018).

Pressure ulcer risk is measured using the Braden Scale, which consists of six items: sensory percep—
tion, moisture, activity, mobility, nutritional status, friction, and shear. Scores range from 6 to 23, and
the assessment score for each item comprehensively identifies the risk of developing pressure ulcers
(9 points or less — highest risk group, 10—12 points — high risk group, 13—14 points — intermediate risk
group, 15—18 points — low risk group)(Wei et al., 2020). Interrater reliability expressed by the intraclass
correlation coefficient ranged from 0.73 (95% CI 0.26-0.91) to 0.95 (95% CI 0.87-0.98)(Huang & Ma.,
2021).

The Mini—Mental State Examination—Korean version (MMSE—K) will be used to assess cognitive
function. The MMSE—K consists of 19 items, including orientation, memory registration, attention and
calculation, memory recall, language, and visuospatial organization. Scores range from 0 to 30, with
a score of 23 or lower considered cognitively impaired(Baek et al.,2016). MMSE—K shows moderate reli—
ability (+=0.75)(Yang et al.,2002).

3) Model validation

This study develops a YOLO—Pose-based model that predicts key musculoskeletal points and detects
related motion patterns from CCTV of long—term care facility residents. To train and test the system,
motion data will be collected for different fall—risk scenarios, including partial upper—body movements
or partial lower—body movements when gettingout of the bed and attempts to lower the bed guard.

Using participants’ movement data collected from home CCTV, we constructed training, validation,
and test datasets by extracting frames from video recordings and storing labeled information on partic—
ipant’ movements and spatial ranges, which define their actions and positions and serve as essential

input for accurate motion estimation and model training(Figure 1).

Figure 1. Human skeletal key points in motion estimation
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4) Fall and pressure ulcer detection algorithm

Predicting participants' falls and pressure ulcers through analysis of postural changes based on 21 key points.

For fall detection, fall detection is performed based on head and hip keypoints, and the condition is de—
termined as head Y coordinate > hip Y coordinate + 50 pixels, and only keypoints above 0.5 are valid, and false
positives are reduced by distinguishing between normal posture changes and risky behaviors that cause fall—
s.When a fall risk is detected, a "fall risk" event is automatically created and stored in the database with detailed
information such as the occurrence time, location, patient information, and screenshots. Duplicate events are
prevented with a 1—minute cooldown, and the event is automatically linked to the patient information assigned
to the bed to accurately identify the patient and distinguish between fall risks inside and outside the bed area.

When pressure ulcer risk is detected, up to 120 frames (2 hours worth) of pose data are stored in a deque,
and a mean absolute error of 0.1 or less is considered the same posture. Maintaining the same posture for more
than 2 hours detects pressure ulcer risk, and continuous monitoring is implemented using a sliding window meth—
od.When a pressure ulcer risk is detected, a "pressure ulcer" event is automatically generated. Patient in—
formation, position duration, and risk level are stored in the database, with a one—hour cooldown to prevent
duplicate events. Accurate patient identification is achieved by automatically linking to bed—assigned patient in—

formation, and the pose history is automatically reset after a risk event occurs.

5) Implementaion of motion analysis software

To analyze and monitor the movements of long—term care facility residents, the extracted musculoskeletal
key point data is utilized with a PC—based application software program, and the system is implemented with
CCTV streams, an Al server (fall/pressure ulcer detection), a FastAPI backend, MongoDB/S3 storage, and a
front—end dashboard(Figure 2).
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Figure 2. Screen of Al motion analysis
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3. Data Analysis

The camera software for data collection in this study will be developed using home CCTV, while data
preprocessing software and deep learning-based computer vision models will be implemented in
Python 3.10 with the PyTorch 2.3.1 framework. Statistical hypothesis testing will be conducted with
SPSS version 27.0, including calculations of mean and standard deviation, and descriptive statistics will
be applied to analyze the general characteristics of the study participants. The models will be com—
pared using evaluation metrics such as mean Average Precision (mAP) and Intersection over Union
(IoU) at a threshold of 0.5. Performance differences will be assessed with a custom—built validation da—
taset, and statistical significance between models will be tested using a t—test. To evaluate the in—
tra—rater and inter—rater reliability of motion recognition results obtained from home cameras, the
Intra—Class Correlation (ICC) will be calculated. A significance level of @ = 0.05 will be applied for all

statistical analyses.

II. Discussion

This study aims to evaluate the feasibility of developing a deep learning-based computer vision mod—
el for predicting musculoskeletal key points and recognizing motions of residents in long—term care fa—
cilities using home CCTV. The study seeks to construct a learning dataset, design a training and in—
ference pipeline, and develop a motion estimation system to validate the proposed approaches

Residents of long—term care facilities are typically older adults including the neurologic diseases and
therefore at high risk of falls and pressure ulcers(Miura T. et al., 2025). Nevertheless, unexpected risks
may also arise during the provision of care. While most existing fall detection systems focus on detect—
ing falls after they occur, this study will focus on detecting falls in advance by analyzing the specialized
movements of residents of long—term care facilities. Additionally, this study investigates development
a specialized fall detection and bedsore prevention system by analyzing the underlying diseases and
movement patterns of long—term care facility residents based on real—time CCTV recordings. The goal
1s to achieve a fall detection accuracy of over 70% and a pressure ulcer risk detection rate of over 90%
in a real—world long—term care facility living environment, while developing an optimal algorithm that
considers diverse environmental conditions and individual resident characteristics. This algorithm en—
sures stable detection performance even under diverse environmental conditions, such as lighting
changes, shadows, and reflections. It also automatically responds to environmental changes with an
adaptive threshold adjustment algorithm. Furthermore, it compares each resident's existing postural
patterns to provide personalized analysis that detects fall and pressure ulcer risks. Additional perform—
ance analysis will be performed to optimize and streamline the model and verify the effectiveness of

the developed fall risk detection and pressure ulcer monitoring system.
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IV. Conclusion

This study aims to build a comprehensive dataset of residents in long—term care facilities, rather
than relying on existing elderly fall data. It will develop a robust human posture estimation model that
can cope with various environmental changes within the facility and subsequently create an Al—based
fall and pressure ulcer risk monitoring system. By analyzing real—time CCTV data and preemptive risk
factor data, we can track normal movement and provide valuable information to residents to anticipate
risks in various movements and respond appropriately. This approach could save lives and reduce na—
tional care costs by supporting early fall detection, pressure ulcer prevention, and activity monitoring

in long—term care facility residents.
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