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Abstract—In contemporary healthcare settings, nursing staff
encounter significant workload challenges due to high patient-to-
nurse ratios, often ranging from 16 to 25 patients per nurse.
This issue is particularly acute in psychiatric wards, where
patients exhibit unpredictable behaviors. Continuous monitoring
is essential for the care of these mental health patients, yet chronic
staff shortages hinder the fulfillment of these needs. To address
these challenges, this study proposes a new abnormal behavior
detection for patient surveillance system, utilizing real-time video
surveillance to identify abnormal behaviors in psychiatric wards.
The system’s accuracy has been enhanced through well-defined
characteristic behaviors and a rule-based detection algorithm.
Built on the DeepStream SDK, the system exhibits excellent
performance, processing each frame in an average of 0.01 seconds
and achieving a recognition accuracy exceeding 90%. This patient
surveillance system significantly improves emergency response
capabilities, mitigates potential risks, and enhances the work
environment for medical personnel by providing accurate and
timely patient status information. Ultimately, this approach is
anticipated to contribute not only to improved health outcomes
for patients but also to enhanced job satisfaction and safety for
healthcare professionals.

I. Introduction

The global prevalence of mental illness is rising due to
various factors such as increasing social stress, environmen-
tal influences and drug-related issues. Patients with severe
mental illnesses often require admission to closed psychiatric
wards for continuous treatment and observation. Although the
number of patients needing inpatient care steadily increases
annually, there is a significant shortage of healthcare personnel
to accommodate them [1]. Despite having more nursing and
security staff in psychiatric wards compared to general wards,
numerous dangerous incidents regularly occur. Monitoring
patients through closed-circuit television (CCTV) or regular
rounds is crucial for reducing these incidents. However, the
intensive focus on surveillance can delay other critical tasks,
thereby increasing the risk of additional incidents. Therefore,
an efficient and thorough monitoring system is essential. Imple-
menting a real-time monitoring system utilizing room CCTV
for early detection of potential risks will reduce the mental
fatigue of nurses and enhance surveillance efficiency.

This study proposes an abnormal behavior detection system
to identify early risks. Quantitative definitions for specific
abnormal behavior patterns such as Self-harm, Escape Attempt
and Falldown frequently observed in closed psychiatric wards
have been established. Each abnormal behavior is defined
based on various biomechanical characteristics, including

joint angles, relative positions of body parts, and temporal
repetitiveness of movements. According to these definitions,
the system processes streaming video data to detect
abnormal behaviors of psychiatric patients and immediately
alerts the ward nurses. The implementation leverages NVIDIA
DeepStream [2], resulting in a reduction of average processing
time from 2.2 seconds to 0.95 seconds on a standard desktop
equipped with a GPU 2080, thereby achieving a time
savings of over one second. This system incorporates several
significant enhancements:

• Definition of specific abnormal behaviors (Self-harm, Es-
cape Attempt and Falldown) tailored to the unique hospital
environment.

• Development of a human skeleton-based behavior detec-
tion algorithm designed to effectively identify the defined
abnormal behaviors.

• Deployment of a high-performance real-time abnormal
behavior detection system utilizing DeepStream
technology.

II. Diagnostic Criteria for Abnormal Behaviors

A. Definition of Skeleton

The definition of the skeleton used in this system focuses
on the positioning of the arms and legs, which are crucial for
abnormal behavior detection. Specifically, this system utilizes
several key points on the body: Shoulder (S), Elbow (E),
Wrist (W), Hip (H), Knee (N) and Ankle (A). Additionally, it
considers combinations such as Shoulder-Elbow-Wrist (SEW),
Hip-Knee-Ankle (HNA) and Hip-Shoulder-Elbow (HSE). In
this notation system, an angle is represented by the symbol
θ followed by the abbreviations of the connected segments.
For example, the angle formed by the right hip, right knee
and right ankle is denoted as θHNAR. This method of skeleton
mapping and angular notation forms the basis of the behavior
detection methodology used in the patient surveillance system.

B. Self-harm

Considering the restrictions on bringing external objects into
closed wards, this study focuses on two primary Self-harm
behaviors using only the body. As summarized in Table I, ‘Hit
Head’ involves one or both hands moving towards the head
while the patient is not lying down and is identified based
on arm angles and temporal changes in arm positions. ‘Injure



TABLE I
Characteristics of Self-harm, Escape Attempt and Falldown. For Self-harm, □c refers to the □ in the current frame and □p refers to the □ in the previous
frame, withW representing the y position of the wrist in image coordinates. For Falldown, APy and APx represent the y and x points of all skeleton positions

in image coordinates, respectively. Constants α and β are set to 0.1*(height of image) and 0.1*(width of image).

Self-harm Escape Attempt Falldown
Hit Head Injure Arms/Legs Climb Window Up→Down Sideways

Posture Not Lie Sit Stand/Climb Sit Sit/Lie
Hands Near Head Near Arms/Legs Reach/Grip Window Frame Near floor Near floor
Legs Almost crouch Almost crouch One leg raised, one supporting Slightly bent/straight Slightly bent/straight

Position
Algorithm

Wc ≤ Wp Wc ≥ Wp θHS EL ≥ 70
or

θHS ER ≥ 70
APyp + α ≤ APyc

APxc + β ≤ APxp
or

APxp + β ≤ APxc

20 ≤ θS EWL ≤ 90
or

20 ≤ θS EWR ≤ 90 θS EWL ≤ 180
or

θS EWR ≤ 180θS EWLc ≤ θS EWL p
or

θS EWRc ≤ θS EWR p

θHNAL ≤ 30
or

θHNAR ≤ 30

Arms/Legs’ typically occurs in a sitting posture and is detected
when hands are positioned near the arms or legs. This behavior
is characterized by specific arm angles and changes in wrist
positions, but it is more complex to detect due to the greater
variability in angles and positions.

C. Escape Attempt

Given the high risk of injury or escape in psychiatric closed
wards, this study focuses on ‘Climb Window’ as the most
dangerous escape attempt behavior. As summarized in Table
I, this behavior involves the patient in a standing or climbing
posture with hands reaching towards or gripping the window
frame. It is detected through characteristic postural changes,
such as significant changes in shoulder angles and the elevation
of one leg.

D. Falldown

Given the high risk of injury and the need for immediate
response in psychiatric wards, this study categorizes fall in-
cidents into two primary types. As summarized in Table I,
‘Up→Down’ involves a vertical fall from a sitting position,
identified by an increase in all y-coordinates of the estimated
skeleton in the image frame. ‘Sideways’ typically occurs
from either a sitting or lying posture, detected by significant
changes in the x-coordinates of the skeleton. This behavior
is characterized by specific changes in overall body position
but can be more complex to detect due to variations in fall
trajectories.

III. Abnormal Behavior Detection

The system architecture for detecting abnormal behaviors
in closed psychiatric wards is illustrated in Fig. 1. This
framework is engineered to process real-time video streams,
facilitating rapid and precise identification of potential risks.
It employs the DeepStream SDK for efficient video processing
and integrates a rule-based algorithm for behavior detection,
thus enhancing its capacity to handle unforeseen scenarios.

A. Human Detection

The first step of the system is patient location detection.
This process involves identifying individuals’ positions in each

frame from the streaming CCTV footage within hospital rooms
and common areas. YOLOv4 [3], a widely adopted object
detection model, is utilized for this task. Along with identi-
fication, tracking is implemented to enable temporal analysis
of individual actions. Considering the unique environment of
a closed psychiatric ward, the proposed approach prioritizes
the accuracy of patient-specific recognition over general hu-
man detection. To enhance the overall capability, the object
detection threshold was set to 0.4, lower than typical settings,
allowing for the capture of more potential patient locations.

B. Bounding Box Expansion

When object detection fails, the system applies expanded
coordinates of the bounding box(bbox) from the previous
frame to the current frame. The expansion ratio is set to 20%,
considering the characteristics of psychiatric ward patients who
may exhibit the previously defined abnormal behaviors. This
ratio is sufficient to capture sudden movements associated with
these behaviors while minimizing unnecessary background
information.

This expansion enables continuous tracking even when
object detection fails, maintaining stable skeleton estimation. It
compensates for temporary detection failures without complex
algorithms, suitable for real-time processing. This enhances
object detection robustness, enabling continuous skeleton esti-
mation and improving rule-based behavior detection accuracy
and efficiency.

C. Skeleton Estimation

The system uses bbox coordinates obtained from human
detection or bbox expansion to estimate skeletons. For this
task, HRNet [4], [5], which achieved state-of-the-art results in
human pose estimation in 2019, is employed. The architecture
of HRNet, featuring parallel subnets of various resolutions
and continuous exchange of global and local information,
enables accurate skeleton estimation across different bbox
sizes. HRNet not only determines joint positions but also
calculates their reliability. This reliability information serves
as a valuable input for the subsequent rule-based behavior
detection, enhancing the system’s ability to accurately identify
abnormal behaviors in psychiatric ward patients.
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