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TO THE EDITOR

In the context of  Corona Virus Disease 
2019 (COVID-19), it is challenging to 
continuously and effectively monitor the 
body temperature and position of  key 
isolated personnel while reducing the 
contact between medical staff  and patients. 
This paper proposes a new technical 
scheme for abnormal personnel monitoring 
such as vital signs combined with 5th 
Generation Mobile Communication (5G), 
body area network and cloud technology. 
This scheme uses the characteristics of  5G 
technology, such as high rate, low delay 
and large connection, to realize real-time 
data transmission.[1] Through the body area 
network technology, the body temperature 
and position information of  patients can 
be monitored in real time without touching 
them.[2] At the same time, the use of  cloud 
technology data storage and processing 
advantages, greatly reduce the workload of  
managers. In order to achieve this solution, 
the team developed a smart bracelet based 
on 5G and body area network. The bracelet 
has the characteristics of  portability, 
automation and digitalization, which can 
effectively reduce the contact between 
medical staff  and patients and reduce the 
risk of  nosocomial infection. 

Forty samples of  suspected cases, high-
risk patients and caregivers of  patients in 
isolation wards admitted to the Emergency 
department of  Shenzhen University 
General Hospital during the outbreak of  
COVID-19 in 2020, as shown in Table 
1. The subjects were divided into axillary 

temperature group and bracelet group, 
camera group and bracelet group for 
comparison. Ethical approval and subject 
consent were obtained for the study. 

The design of  the smart bracelet includes a 
body temperature sensor and a positioning 
chip. The map shows the warning area 
centered on the quarantine area, and the 
warning is triggered when the boundary is 
crossed. Body temperature and position data 
were collected at a fixed frequency every 5 
min, and abnormal body temperature and 
position were reported by the system. 5G+ 
body area network technology scheme, 
Figure 1 (A) uses multiple indoor Bluetooth 
Angle of  Arrival (AOA) gateways to 
achieve accurate positioning of  small 
range of  people, and is suitable for big 
data transmission combined with 5G. 
Figure 1 (B) Vital signs parameters are 
collected by wearable devices and sent 
to the cloud platform for processing 
through communication networks such 
as the body area network (BAN) and 5G 
to realize remote diagnosis and other 
services. In the cloud technology scheme, 
the body temperature and location of  the 
isolated personnel were collected in real 
time through wearable devices, and the 
information was stored and transmitted 
in real time in the cloud. The system can 
cover isolation hospitals, community 
isolation buildings and factory dormitories, 
etc., with electronic fence function and 
drop detection, and timely notification of  
relevant personnel.

For temperature measurement, the axillary 
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temperature of  the study subjects was manually collected by 
nursing staff  using a Shanghai brand mercury thermometer 
at fixed time points (7: 30 am and 2: 00 PM) daily. Before 
temperature measurement, ensure that the patient is in 
a resting state to avoid interfering factors. The recorded 
data were divided into axillary and bracelet temperature 
groups. Position measurement, the smart bracelet prompts 
the video when outside the warning range, and the camera 
monitors the bracelet displacement system when the 
patient leaves the monitoring area. Patients were negative 

within the monitored area and positive otherwise. The 
method is divided into two groups: camera and bracelet 
monitoring. SPSS 26.0 software was used for data analysis. 
Intraclass Correlation Efficient (ICC) was used to evaluate 
the consistency of  temperature test data between the 
two groups, and Kappa test was used to compare the 
consistency of  position results between the two groups. 
The sensitivity, specificity, predictive value and likelihood 
ratio were calculated to evaluate the positioning accuracy 
of  the device. Differences were considered significant at 

Figure 1: 5G and Bluetooth AOA positioning scheme networking diagram (A) and BAN-based remote health monitoring system architecture (B) 5G, 5th Generation 
Mobile Communication; AOA, Angle of Arrival; BAN, The body area network.
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P < 0.05. 

Analysis of  body temperature monitoring results of  smart 
bracelet. In this study, there were 31 suspected cases 
(77.5%) and 9 accompanying persons (22.5%). A total of  
226 person-times of  body temperature were monitored 
by smart bracelet and mercury thermometer, of  which 20 
person-times of  body temperature monitoring by mercury 
thermometer ≥ 37.3 ℃ accounted for 8.5%. There were 
14 times of  body temperature monitoring values ≥ 37.3 
℃, accounting for 6.2%. According to the intraclass 
correlation coefficient (ICC), the ICC of  the axillary 
temperature group and the bracelet temperature group was 
0.883, indicating that the two temperature measurement 
methods had high consistency and accuracy (P < 0.05). 
Analysis of  the positioning results of  the smart bracelet. 
The system reported a total of  790 person-times of  bracelet 
positioning. The negative display of  the bracelet was 767, 
and the negative report of  the camera monitoring group 
was 762. The consistency test showed that the results of  the 
bracelet report and the results of  the camera monitoring 
group were consistent, and the Kappa value was 0.494, 
and the consistency of  the two methods was medium. 
The sensitivity was 46.4%, the specificity was 98.7%, the 
positive predictive value was 0.565, the negative predictive 
value was 0.980, the positive likelihood ratio was 35.692, 
the negative likelihood ratio was 0.530, and the accuracy 
was 0.968. The bracelet positioning technology had a better 
performance in accuracy. 

Annie Anak Joseph and Swamy et al.[3,4] showed that the 
wristband body temperature monitoring system is reliable 
in practice. This study compared the measurement results 
of  mercury thermometer and bracelet in 40 subjects, and 
found that the intraclass correlation coefficient ICC was 
0.883, indicating that the two methods were consistent and 
accurate. Chao Sun et al.[5] proposed a 5G-GNSS hybrid 
positioning scheme based on AOA-TOA measurement, 
which is not affected by time synchronization errors 
and improves the accuracy and robustness of  the hybrid 
positioning system. In this study, the wristband indoor 
AOA positioning and outdoor Beidou positioning 

technology were used to monitor the range of  motion 
of  the isolated patients. The Kappa value between the 
wristband positioning results and the results reported by 
the camera monitoring group was 0.494, the specificity 
was 98.7%, and the accuracy was 0.968. The accuracy of  
bracelet positioning technology is high, but the consistency 
needs to be improved. In the future, the positioning 
technology of  the bracelet can be optimized to improve the 
consistency and accuracy, so as to better support isolation 
measures and epidemic prevention and control. 

The smart bracelet can remotely monitor the body 
temperature and position of  large-scale patients without 
physical contact. However, it still has some limitations. 
The bracelet’s temperature measurement may be lower 
than that of  a mercury thermometer, possibly due to 
room temperature and wearing issues. The positioning 
error is related to system ambiguity and subject activity. 
The direction of  improvement includes improving sensor 
accuracy, adopting advanced positioning techniques, and 
optimizing algorithms to reduce interference. Higher 
device costs, potential 5G network limitations, battery 
life concerns, and so on are factors to consider. The 
optimization plan involves enhancing sensor accuracy and 
positioning algorithms, reducing equipment manufacturing 
costs, optimizing 5G network coverage and readiness for 
alternative networks, and employing low-power design 
and fast charging technology. Although the device does 
not confirm the diagnosis, it is valuable in the study 
of  symptoms such as fever, especially in susceptible 
diseases.[6-8] Bluetooth AOA indoor positioning technology 
reduces risk, manpower, and medical costs. 5G increases 
transmission rates and supports real-time analysis. With 
the assistance of  BAN technology, it is possible to monitor 
the real-time body temperature and location information 
of  individuals without the need for direct contact. 
Simultaneously, the outstanding data storage and processing 
capabilities of  cloud technology significantly alleviate the 
workload of  management personnel.[9] Although designed 
for COVID-19, it is also applicable to other infectious 
diseases. The equipment is widely used in hospitals, schools, 
factories, etc., which provides strong support for epidemic 
prevention and control. 

In this study, the intelligent bracelet designed by 5G+ body 
area network can accurately monitor the body temperature 
and displacement of  key people in the emergency ward, 
which can replace some of  the work of  medical staff. At the 
same time, it can also play a key role in the prevention and 
control of  other serious infectious diseases and emerging 
infectious diseases. By adding functional modules such as 
pulse monitoring, oxygen saturation and blood pressure, 
the device can be widely used in more medical fields to 
improve the diagnosis and treatment effect. 

Table 1. Basic data of the study subjects

Age 51.7 ± 18.8

Proportion of males (%) 62.5 

High risk cases of COVID-19 (%) 77.5 

Diagnosed respiratory diagnosed (%) 12.5

Diagnosed digestive system diseases (%) 22.5

Diagnosed infection in other sites (%) 22.5 

Escort personnel (%) 22.5 



Han et al.: Application of body area network wearable smart bracelet in epidemic isolation scenario

324 JOURNAL OF TRANSLATIONAL INTERNAL MEDICINE / MAY-JUN 2024 / VOL 12 | ISSUE 3

Acknowledgments

Here, we would like to express our deep gratitude to the 
following funds. The National Ministry of  Industry and 
Information Technology and the National Health and 
Wellness Committee's "5G+ Medical Health Application 
Pilot Project" (Guangdong Province, Direction 1: 
5G+Emergency Treatment, 11). Shenzhen Sanming 
Project (project number: SZSM201911007).

Author Contributions

Shike Hou, and Wei Han contributed to conception, 
design, analysis, data curation, drafted and critically revised 
the manuscript; Haojun Fan contributed to conception, 
design and critically revised the manuscript; Hongbin 
Cai contributed to data collection and organization, data 
analysis, and writing. Jiafa Lu contributed to data collection, 
and data analysis. Le Yang contributed to data collection. 
Yu Pang contributed to critically revised the manuscript. 
Jiaqin Fang contributed to critically revised the manuscript. 
All authors have read and approved the final manuscript.

Source of Funding

This research was supported by Shenzhen Sanming Project 
(Project No. SZSM201911007); Shenzhen University 
Stability Support Program (Project No.20200824145152001) 
"5G+ Medical and Health Application Pilot Project" of  
Ministry of  Industry and Information and National Health 
Commission (Guangdong Province, Direction 1:5G + 
Emergency Treatment).

Ethical Approval

The studies involving human participants were reviewed 
and approved by the Ethics Review Committee of  the 
General Hospital of  Shenzhen University (Number: 
SUGHKYLL2022061001). The patients provided their 
written informed consent to participate in this study.

Informed Consent

The patients provided their written informed consent to 

participate in this study.

Conflict of Interest

All the authors have no conflicts of  interest.

Data Availability Statement

The raw data supporting the conclusions of  this article 
will be made available by the authors, without undue 
reservation.

REFERENCES

1. 	 Xiao T, Chao K, Liu GH, Li Y, Xu GP, Xu LX, et al. 5G residency enhance-
ment method based on 5g beam intelligent optimization. 2021 20th 
International Conference on Ubiquitous Computing and Communica-
tions (IUCC/CIT/DSCI/SmartCNS). IEEE 2021:528–534.

2. 	 Plawiak M A, Krawczyk A. Wireless body sensor network - fundamental 
concepts and application. Prz Elektrotechniczny 2012;88:267–268. 

3. 	 Joseph AA, Xuan THL, Kipli K, Chin KL, Song NS. Smart body tem-
perature monitoring system for children via mobile. 2018 International 
Conference on Computational Approach in Smart Systems Design and 
Applications (ICASSDA). IEEE 2018:1–6.

4. 	 Swamy R, Jain A, Banerjee P. A new approach for analyzing human 
body temperature. 2019 6th International Conference on Computing 
for Sustainable Global Development (INDIACom). IEEE 2019;819–823.

5. 	 Sun C, Zhao H, Bai L, Cheong JW, Dempster AG, Feng WQ. GNSS-5G 
hybrid positioning based on TOA/AOA measurements. China Satellite 
Navigation Conference (CSNC) 2020 Proceedings: Volume III. Springer 
Singapore 2020;527–537.

6. 	 Sequeira N, D'Souza D, Angaran P, Aves T, Dorian P. Common wearable 
devices demonstrate variable accuracy in measuring heart rate during 
supraventricular tachycardia. Heart Rhythm 2020;17:854-859.

7. 	 Hodkinson A, Kontopantelis E, Adeniji C, van Marwijk H, McMillian B, 
Bower P, et al. Interventions Using Wearable Physical Activity Trackers 
Among Adults With Cardiometabolic Conditions: A Systematic Review 
and Meta-analysis. JAMA Netw Open 2021;4:e2116382.

8. 	 Radin JM, Quer G, Ramos E, Baca-Motes K, Gadaleta M, Topol EJ, et al. 
Assessment of Prolonged Physiological and Behavioral Changes Associ-
ated With COVID-19 Infection. JAMA Netw Open 2021;4:e2115959. 

9. 	 Manickam P, Mariappan SA, Murugesan SM, Hansda S, Kaushik A, 
Shinde R, et al. Artificial Intelligence (AI) and Internet of Medical Things 
(IoMT) Assisted Biomedical Systems for Intelligent Healthcare. Biosen-
sors 2022;12:562.

How to cite this article: Han W, Cai HB, Lu JF, Yang L, Pang Y, Fang 
JQ, et al. Application of body area network wearable smart bracelet in 
epidemic isolation scenario. J Transl Intern Med 2024; 12: 321-324.


