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The Impact of Stakeholders After Fall Incident

• Induce injury and prolong 
hospitalisation (Wong, 2011). 

• If the patients are elderly, 
falls cause further physical 
debilitation and 
comorbidities (Lyons, 2014). 

• cause elderly patients to 
fear falling, leading to a loss 
of autonomy or even 
morbidity (Kiyoshi-Teo et al., 2019)

• falls suggest that healthcare 
providers are not paying 
attention to their family 
members (Ireland et al., 2013). 
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Staff:
• bear the guilt of failing to ‘do 

no harm’ based on the 
complaints of patients and 
their families (Spring, 2015). 

Healthcare organisations:
• increased inpatient fall 

incidents increase associated 
costs and affect the 
organisations’ reputations 
(Bertakis & Azari, 2011).

            Patient Relatives                            
Staff



Falls and bed exist:
• Most falls occur during bed exits, especially 

in patients with cognitive impairment or 
mobility problems (Baitar et al. 2012). 
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• Bed exit behaviour recognition can 
be the first line of defense for 
preventing fall injuries. 

Associations Between Unattended Bed Exits and Falls
• Approximately 85% of falls were unassisted 

(Staggs and Dunton 2014)
• Unattended bed exits were a 

significant reason for falling among 
high-risk patients and for fall-related 
injuries (Cortes et al., 2021)

In both public and private hospitals, the common risk factor 
are “Unwitnessed bed exist” 



Product Features (together with a start-up company)

• No camera

• Multi-conditional prediction algorithm 

  -Infrared  (passive infrared )🡪 Motion detection
  -Laser (Laser-Based time on flight) 🡪 Distance measuring

• Cantonese voice reminder to 

remind patient stay at the bed and 
       wait for assistance

• Alert to the nurse station within 1s

• Cute design makes 

the atmosphere of wards warmer
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Luna Cat

New initiative infrared bed exit sensor in preventing in-patient 
falls 



 Pressure Pad Passive Infrared 
Motion Sensor

Luna Cat

Mechanism The changing of mass of the patient Uses infrared vision to detect the 

patient’s movement and temperature 

changes

uses infrared vision and temperature 

changes to detect the patient’s movement.

+  laser is a secondary detector, which enables 

more precise detection.

Maintenance body weight damage the pad                    durable durable 

Number of 

sensors

1

Pressure sensor

1

Infrared sensor 
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• PIR for motion detection

• ToF for distance measuring
False alarms Easy to trigger            fewer  fewer

Voice prompts             No, only beeps                 No, only beeps Yes

Applicability Easy to install and remove Ward must be modified Easy to install and remove

Comparison Between Conventional Environmental Sensors and the Luna Cat System
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System logic

Laser 
Time-of-Flight 

sensor

Infrared 
sensor

Alarm device

Voice 
reminder

Communication 
device

Alarm 
receiver
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Infrared 
signal

Luna Cat

Laser 
signal

Hardware



Demo:
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Safety concerns:
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2 Sensors:

• PIRs (passive infrared) : only receive heat energy and not emit radiation

• ToF (Laser-Based time on flight): LED that emits 940nm, widely used in cameras and mobile phone

• Compatible with common equipment (IEC 60601-1-2:2007 standards) (pace maker, Ventilators, 
infusion pump, ECG)

Infection concerns:

• Resin, can clean by common detergent in hospital (i.e. bleach)

• Streamlined shape: facilitates easy and thorough cleaning

Ethical consideration:

• Consent 

• Right to withdraw in any time without reason

• Ethical approvals from hospital and University

PIRs

ToF



 Study design
Objectives:

• To investigate the accuracy of Luna Cat system in detecting bed exits among high 
fall-risk patient without the need for assistance.

• To assess the effectiveness of the Luna Cat System in preventing inpatient falls 
by promptly alerting healthcare providers (HCPs) when patients to exit their beds 
unassisted.

Study period:

• May to July 2023 (totally three months)
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Setting:

• Location: 5 in-patient 
wards in Hospital G, 

• 1 sensor in each ward. 

• General Orthopaedic, 
Medicine & Surgery 

Inclusion criteria:
High fall risk patients 
(MFS ≥45) or 
Nurses identified the 
patients with fall risk

Exclusion criteria:

• Aged under 18 years old

• Psychiatric patients

• Patient who cannot 
provide the consent 
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• Sample size : 

30 patients: study group 
30 patients: control group 

  🡪 totally 60 patients.



Measurement:
1. Demographic 

data

• age 

• gender 

• date of 
admission 

• reasons of 
admission 

• length of stay 
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2. Falls rate:

•Fall rates during May 
to July period from 
2021 to 2023 (three 
years data)

•between intervention 
and control groups

 4. Satisfaction:

 🡪 Health care providers    
(at the end of pilot)

 🡪 Patients / relatives 
(prior his / her discharge)

mean, median, 
standard deviation, 
and frequency

Pearson correlation 
coefficients with 
significance level of 0.05 

Check against the system record & 
alarm record sheet

Self design questionnaire

Likert scale from 4 to 0



Result
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Result_Demographic data
 Intervention Group (n = 30) Control group (n = 30)

Age

(years old)

51 - 95 

(🡪:75.2, median:72, SD: 12.21)

45 - 94 

(🡪 72.8, median:72,SD:13.66)

Gender

F: Female; 
M: Male

13 (F), 17 (M) 17 (F), 13 (M)

MFS 

(Morse fall 
Score)

45 - 85

(🡪:57.3, median: 60, SD:17)

                     45 - 100 

(🡪:59, median: 60, SD: 13)

The total 

inpatient 

bed days

1 - 18 days 

(🡪:7.26 days, median: 6, SD: 5.06)

2 - 25 days 

(🡪:9.4 days, median: 8, SD: 6.43)

Similar in intervention  
and study groups.
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Result_Falls data:

 2021 2022       2023

Fall Rate: May to July 0.8 0.6     0.2

(3 falls cases)

Fall Rate: Whole year 0.7 0.3     0.3

No fall incident in both control and intervention group 

Comparison of Fall Rate in Hospital G from 2021 to 2023:
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Alarm Triggered Number of Alarms and 
Percentage of Total Alarms

True positive (TP): An alarm followed by an observation of a patient 
exiting the bed.

73 (76.8%)

False negative (FN): A patient left the bed without an alarm triggering. 1 (1.1%)

False positive (FP): An alarm followed by either the patient exiting their 
bed with assistance or the patient remaining in bed.

21 (22.1%) 

Result_Number of Alarms Triggered: TPs, FNs, and FPs

Result_Sensitivity and specificity of Luna Cat
Results

Sensitivity 98.6%

Specificity 72.3%

Adjusted Specificity 88% 
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cross-checking the alarm 
message stored in the 
system and the ward staff 
documentation in the 
alarm record sheet which 
documented by the HCPs



Result_Level of satisfaction: patient and carers group

30 questionnaires were received: 20 patients and 10 relatives or carers

 
Items

Number of Responses (n = 30)  
Remarks

Strongly agree
(4)

Agree 
(3)

Fair
(2)

Disagree
 

(1)

Strongly 
disagree

(0)
1) This infrared bed exit sensor can 

remind patients not to leave their 
beds on their own.

15
(50%)

12
(40%)

3
(10%)

0 0 Mean = 3.4
Median = 3.5
SD = 0.66

2)     This infrared bed exit sensor can 
prevent patient falls.

9
(30%)

18
(60%)

3
(10%)

0 0 Mean = 3.2
Median = 3
SD = 0.60

3)     This sensor can remind the patient to 
stay in bed and wait for HCPs’ 
assistance.

13
(43.3%)

15
(50%)

2
(6.7%)

0 0 Mean = 3.4
Median = 3
SD = 0.60

4)     You will suggest using this sensor 
to prevent patient falls.

13
(43.3%)

15
(50%)

2
(6.7%)

0 0 Mean = 3.4
Median = 3
SD = 0.60
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Experience of HCPs

Result_Level of Satisfaction in the HCP Group 
 

Items
Number of Responses (n = 30)  

Remarks
Strongly 

agree
(4)

Agree
 

(3)

Fair
 

(2)

Disagree
 

(1)

Strongly 
disagree

(0)
❑ This infrared bed exit sensor 

can prevent patients from 
leaving their beds without 
assistance.

19
(63.3%)

11
(36.7%)

0 0 0 Mean = 3.5
Median =4
SD = 0.71

❑ This infrared bed exit sensor 
can save time monitoring 
patients leaving their beds 
without assistance.

17
(56.7%)

10
(33.3%)

2
(6.7%)

1
(3.3%)

0 Mean = 3.4
Median = 4
SD = 0.76

❑ This infrared bed exit sensor 
can prevent patient falls.

16
(53.3%)

11
(36.7%)

2
(6.7%)

1
(3.3%)

0 Mean =3.4
Median =4
SD = 0.76

❑ This sensor is easy to apply. 24
(80%)

6
(20%)

0 0 0 Mean = 3.8
Median = 4
SD = 0.40

❑ The operation is 
user-friendly.

24
(80%)

6
(20%)

0 0 0 Mean = 3.8
Median = 4
SD = 0.40

❑ You will use this sensor to 
prevent patient falls.

17
(56.7%)

11
(36.7%)

2
(6.7%)

1
(3.3%)

0 Mean = 3.5
Median = 4
SD = 0.72
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Disccusion_Related to objectives:
(1) accuracy of Luna Cat system in detecting 

bed exits among high fall-risk patient 

     🡪Yes, Sensitivity is 98.6%, 

                  Adjusted Specificity is 88%

�Agreed:

               - patient & relatives group: 3.4/4

               - HCP group: 3.5/4

(2) Prevent the potential in-patient falls

� No fall incident in control and 
intervention groups within study period

� 73 true positive alarm detected 

� Agreed:

     - patient & carers group: 3.2/4

     - HCP group: 3.4/4
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Disccusion_Related to Luna cat design:

Design: (good points)
• easy to use 

• plug-and-play device

• Can be mounted at the target patient’s bed end without ward modification
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Discussion_related to Luna cat design: To be 
improve:

• Due iPad battery 
failure 

• Improvement 🡪 
Isolated panel as the 
receiver with cont’ 
electricity supply

• Still have false alarms

• installing a lidar camera and analysing 
the image in the algorithm since this 
technology could capture the patient’s 
figure but not the actual image
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1 FN 
alarm

False 
Alarm

                  Voice   
concerns

• Add directional 
speaker 



Limitations:

Cannot perform double blind RCT

• it was difficult to blind patients 
and healthcare providers, 
especially since this study was 
conducted in a real hospital 
setting

Limited resources

• only five Luna Cat sensors were 
available in the five wards during 
the pilot period. 

• Therefore, some eligible cases were 
not recruited in the intervention 
group due to the Luna Cat sensor 
already being used on that ward. 
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Way Forward:

Clear explanation

• During the study: the purpose 
of the Luna Cat sensor was fully 
explained to the patients.

• However, after the study, 
nurses and HCPs should 
adequately explain to the 
patients and families that the 
purpose of this sensor and the 
expected length of use are 
necessary. 

Make Luna Cat system more 
humanistic

• record the voices of patients’ 
relatives, such as grandchildren, as 
the preset voice prompt 

• Integrating artificial intelligence (AI) 
into the Luna Cat system so that the 
targeted patients can talk to the 
system in the future. 
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End and thank you   23

• Luna Cat Design received a Silver medal 
named 3rd Asia Exhibition of Innovations & 
Inventions Hong Kong (AEII).

• The research team applied for a patent for 
the Luna Cat system in Feb 2024

• This study was presented as oral presentation in an international conference named EU FALLS festival 2024 (Malta) 
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Supplementary:
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System Triggering condition
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Software- Ipad screen which placed in Nurse 

station

Colour Warning

Green：   
Normal   

Yellow：
Tempt to leave the 
bed

Red：    
Left the bed

Quick Management
Cat & Inpatients 
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Sampling method:



Case 
Number

 
 

The Duration of Installed 
Luna Cat Sensor (Days)

Mean = 3 Median = 2.5 SD = 
1.6

True Positive Alarm
(TP)

Mean = 2, Median = 2, 
SD = 2

Reason False 
Negative 
Alarm

(FN)

Reason False Positive Alarm
(FP)

Mean = 0.9, Median =0,
SD = 0

Reason

1 2 1 get off 0  0  
2 1 3 get off 0  0  
3 2 1 get off 0  0  
4 1 8 get off 0  0  

5 2 3 get off 0  0  
6 2 3 get off 1 Ipad shut down 1 patient moving on bed

7 1 1 get off 0  2 sit on the bed
8 1 1 get off 0  0  
9 2 2 get off 0  3 sit on the bed
10
 

3 0 - 0 8 4 on bed,
4 to Investigation

11 1 9 get off 0  0  
12 1 1 get off 0  0  
13 1 0 0  2 to investigation

14 2 1 get off 0  1 to investigation

15 4 4 get off 0  0  
16 7 9 get off 0  2 physio for walking 

exercise
17 4 3 get off 0  0  
18 3 4 get off 0  0  
19 2 0 - 0  0  
20 3 2 get off 0  1 blood taking
21 4 0 - 0  1 blood taking
22

7
4 get off 0  1 to investigation

23 3 2 get off 0  1 to investigation
24 3 1 get off 0  0  
25 3 4 get off 0  2 to investigation

26 4 1 get off 0  0  
27 2 1 get off 0  0  
28 3 0 - 0  0  
29 3 4 get off 0  2 to investigation
30 3 0 - 0  1 blood taking

Details of Alarms Triggered for Each Patient in the Study Group
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Consent:
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Information sheet:
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Alarm record form: 
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Satisfaction questionnaires HCW: 
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Satisfaction questionnaires: Patient / relatives 
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