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Abstract. As the aging problem in our country becomes increasingly severe, 

preliminary research indicates that most elderly individuals prefer to receive 

care at home. This trend suggests that in the future, only children will bear the 

pressure of caring for two elderly individuals, which may lead to accidents such 

as falls in their daily lives. To address this challenge, this study has designed a 

plan that combines the elderly care system with smart wristbands, which can al-

leviate the pressure on children caring for elderly individuals at home and en-

hance the safety level of elderly care at home. Specifically, the plan enables 

non-regular health monitoring through the wristbands worn by the elderly, and 

sends the sampled and analyzed health data to their children and community 

staff. In the event of an accident such as a fall, the wristband will automatically 

contact family members and dial emergency services, thereby creating a safer 

and more suitable living environment for the elderly. 
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1 Introduction 

China has entered the stage of deep aging society, and the demographic transfor-

mation has posed new challenges to the social governance system. According to the 

latest data from the National Bureau of Statistics, by the end of 2024, the country's 

elderly population aged 60 and above has reached 310 million, accounting for 22.0% 

of the total population. Among them, the elderly population aged 65 and above 

reached 220 million, accounting for more than 15.6% of the total population. With the 

acceleration of population aging, the proportion of the elderly population in China 

will further increase by around 2035, and the impact on the social economy will be 

more significant. [1] The elderly population is expected to show breakthrough growth 

– the size of the population aged 60 and over is expected to exceed 400 million, ac-

counting for more than 30% of the total population, marking the threshold of China's 

official entry into a super-aging society. 
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This study systematically tackles the technical dilemma of the adaptation and 
transformation of smart wearable devices for the elderly. According to IDC's 2023 
smart wearable device white paper, global smart bracelet shipments increased by 
18.2% year-on-year, but the market penetration rate of special devices for elderly 
users is less than 5%. In-depth analysis shows that mainstream products have a ten-
dency of "technological alienation" - excessive stacking of redundant functions such 
as motion monitoring and social interconnection, but ignoring the particularities of the 
elderly in terms of physiological characteristics (such as decreased touch sensitivity), 
cognitive characteristics (such as difficulty in understanding complex interfaces) and 
safety needs (such as fall risk warning). 

Based on this, this study proposes an innovative design scheme of the intelligent 
elderly care bracelet system, and realizes the technology inclusiveness through the 
functional modular reconstruction strategy: on the premise of retaining the basic sign 
monitoring function, the focus is on adding special elderly care service modules such 
as fall prevention warning, heart rate and blood oxygen detection, and intimate inter-
action.  

The system adopts a three-level hierarchical architecture design of "interaction lay-
er-function layer-service layer": in the interaction layer, the physical buttons replace 
the touch screen button operation, and at the same time, with the large font display 
interface and voice interaction mode, it will effectively reduce the threshold for the 
elderly group; At the functional layer, core modules such as fall prevention warning, 
blood oxygen detection, and body temperature detection are integrated to achieve 
accurate coverage of health data monitoring.  

Finally, at the service layer, a two-way communication and intelligent early warn-
ing console are built to build a remote child monitoring subsystem. This hierarchical 
module design not only has the convenience of intelligent equipment, but also the 
reality of humanized improvement, which provides a technical fulcrum for the con-
struction of a new pension model while improving the safety factor of the system. 

2 Overall Design 

2.1 Functional Design 

The workflow of the system mainly includes four links: data collection, data transmis-
sion, data processing and result judgment. First of all, the sensors on the wristband 
collect the physiological signals of the human body (such as accelerometers, heart rate 
sensors, blood oxygen sensors, etc.) in real time to collect user data,[2] including 
heart rate and blood oxygen, etc., and the data is transmitted to the mobile terminal or 
server through 5G wireless communication technology.  

Then, the data processing software classifies the received data according to the da-
ta type, cleans out outliers, fills in the missing data, unifies the standardized format, 
and uses blockchain technology to ensure that the data cannot be tampered with. 
Then, the benchmark comparison and fall detection algorithm are carried out to de-
termine whether a fall event has occurred. Finally, an appropriate alarm or notifica-
tion is issued based on the judgment result. [3] 
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This design has three core technologies: sensor fusion (to improve data accuracy), 
edge computing (to reduce cloud transmission latency), and privacy protection (to use 
differential privacy technology or federated learning to prevent sensitive information 
leakage).The flowchart is shown in Figure 1. 

Hardware Design and Working Principle. 

 
Fig. 1. System flow chart 

2.2 Voice Interaction Module 

The core technical innovation of the LD3320 SPI communication interface speech 
recognition module used in this study lies in the realization of a voice interaction 
solution with zero training cost. The module is based on the Improved Speaker-
Independent ASR architecture, which realizes speech-to-text conversion through a 
three-level signal processing process. 

It mainly has the following steps: firstly, it collects audio, then carries out prepro-
cessing, noise reduction, filtering and other signal processing with its built-in lan-
guage signal processor, and then converts the audio signal into a digital signal, and 
extracts acoustic features through Mel Frequency Cepgal Coefficient (MFCC), then 
matches with the internal speech recognition model, and finally outputs the result. [4] 

In the preliminary investigation, the main source of error of the LD3320 SPI com-
munication interface speech recognition module in a quiet laboratory environment is 
the algorithm matching error, and the recognition rate is 95%. In the home environ-
ment (50dB), the main sources of error are steady-state noise and voice energy toggle, 
and the recognition rate is 85%-90%. It has a high recognition rate and is suitable for 
use in this design. 

This module utilizes the PID algorithm to achieve precise attitude control. The 
MPU6050 attitude sensor collects acceleration and angular velocity data, which is 
then processed by the main controller using the PID algorithm to calculate the re-
quired control output. The algorithm adjusts the control signal based on the deviation 
between the current attitude and the target attitude, as well as the rate of change and 



1074             S. Zhang et al.

integral of the deviation. The control signal is then used to drive the actuators to ad-
just the device's attitude. The STM32F103RCT6 continuously collects sensor data, 
calculates the PID control output, and adjusts the actuators, forming a closed-loop 
control system that ensures precise and stable attitude control. 

2.3 Heart Rate Oximetry Module 

The MAX30102 sensor, based on the principle of photoplethysmography (PPG), 
emits red light (660nm) and infrared light (880nm) to the surface of the skin,[5]and 
the blood absorbs different wavelengths of light, so that the received light intensity 
changes, and the heart rate and oxygen saturation are calculated by detecting this 
change in light intensity. 

According to the survey, in the sports scene (treadmill test), the exercise compen-
sation algorithm was used to obtain: the heart rate error was within ±5bpm, and the 
blood oxygen error was within ±4%. It is controllable within the medically acceptable 
range. 

2.4 Accelerometers 

MPU6050 sensor is selected and a three-axis accelerometer and three-axis gyroscope 
are integrated. By measuring the acceleration change of human movement, it is used 
for fall detection, and it also has the advantages of high accuracy and low power con-
sumption, and is a commonly used attitude sensor.  

However, MPU6050 the data collected by gyroscope accelerometers often contains 
noise, which can be smoothed out by Kalman filtering. Among them, in the accelera-
tion sensor of the smart pension bracelet, the raw data may fluctuate due to the accu-
racy of the sensor itself, external interference and other factors. Therefore, in fall 
detection, the individual components of acceleration (e.g., three-axis acceleration ax, 
ay, az) can be considered as state variables of the system. The Kalman filter is used to 
predict and update the state of the acceleration to obtain a more accurate acceleration 
estimate. 

Based on these processed acceleration values, it is possible to better judge whether 
the elderly have fallen. The acceleration data optimized by Kalman filter can reflect 
this change more accurately, so as to improve the accuracy of fall detection. 

At the beginning of the design, the dynamic model of the system is used to predict 
the state of the next moment. For the motion of an object, if the current velocity, ac-
celeration and other state information and motion models (such as uniform accelera-
tion linear motion model) are known, the position and velocity of the object at the 
next moment can be predicted and analyzed to determine whether the elderly have 
fallen. For example, a fall is considered when the vertical acceleration exceeds a cer-
tain threshold and lasts longer than a set time. 

Kalman filtering algorithm.  
The Kalman filter algorithm is a recursive optimal estimation algorithm. It predicts 

the state of the next moment based on the dynamic model of the system. For example, 
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for the motion of an object, if the current velocity, acceleration and other state infor-
mation and motion models (such as uniform acceleration linear motion models) are 
known, the position and velocity of the object at the next moment can be predicted. 

At the same time, the uncertainty (covariance) of the state estimate is predicted. It 
reflects how reliable the predicted state is. 

When a new measured value zk arrives, the predicted state is fused with the meas-
ured value. The measured values tend to have a certain amount of noise, and the Kal-
man filter reasonably fuses the predicted and measured values by calculating the 
Kalman gain Kk. 

2.5 5G Wireless Module 

The designed 5G communication module will use the new 5G RedCap module 
RG255AA series. It is understood that this series of modules supports 5G NR 
standalone (SA) and LTE Cat 4 dual-mode communication, and also has the ad-
vantages of high performance and high integration, low power consumption, small 
size, and high cost performance, and can be applied to wearable devices and other 
scenarios. 

The designed 5G communication module will use the new 5G RedCap module 
RG255AA series. It is understood that this series of modules supports 5G NR 
standalone (SA) and LTE Cat 4 dual-mode communication, and also has the ad-
vantages of high performance and high integration, low power consumption, small 
size, and high cost performance, and can be applied to wearable devices and other 
scenarios. 

At the same time, we found that 5G wireless modules can be used not only in the 
communication stage, but also in ECG and EEG real-time monitoring. Because ECG 
and EEG require high-precision signal acquisition, low-latency transmission, data 
security and privacy, and devices also need to meet low power consumption, 5G wire-
less modules can meet these conditions. 

5G technology uses air interface delay and edge computing to solve the problem of 
slow response caused by high latency. The mmWave frequency band provides 1-
5Gbps bandwidth and supports multi-channel raw data transmission; 5G RedCap 
(Lightweight 5G) can reduce power consumption; Under the 5G network slicing 
guarantee QoS, the packet loss rate caused by mobile scenario switching is greatly 
reduced. 

At present, 5G technology has passed the ISO 13485 medical device quality man-
agement system certification, ensuring clinical reliability, and is widely used in the 
medical field, such as the 5G AI ECG monitoring system cooperated by China Mobile 
and Huawei. Therefore, the use of 5G technology in this design can not only ensure 
the communication between the elderly and their families, but also pay attention to 
the physical condition of the elderly at all times. 
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2.6 DS18B20 Temperature Sensor 

DS18B20 is a commonly used digital temperature sensor with a unique single-bus 
interface that outputs a digital signal. It uses a single wire (DQ) for sending and re-
ceiving data, which simplifies the tediousness of the device, reduces the weight of the 
device, it does not require any external components to get the job done, and its para-
sitic power function facilitates the convenience of the device. At the same time, it has 
the characteristics of small size, low hardware overhead, strong anti-interference abil-
ity and high precision. 

It has a voltage range of 3.0 V to 5.5 V and does not require a backup power sup-
ply and measures temperatures from -55 °C to 125 °C. Fahrenheit is equivalent to -
67° F to 257° F. The accuracy of ±0.5 °C from -10 °C to 85 °C is exactly what meets 
the standard for measuring human body temperature in this design. 

2.7 OLED Display 

OLED display technology does not require a backlight, it uses a very thin coating of 
organic materials and a glass substrate (or flexible organic substrate) that glows when 
an electric current is passed through it. 

Compared with traditional LCD technology, OLED display technology has obvi-
ous advantages, OLED screen thickness can be controlled within 1mm, while LCD 
screen thickness is usually about 3mm, and the weight is lighter. The liquid structure 
of the OLED screen can ensure the anti-aging performance of the screen, and it has a 
wide viewing angle that LCD does not have, which can realize the viewing of the 
same screen in a large range without distortion. The response time is one thousandth 
of an LCD screen. In addition, the OLED screen is low temperature resistant, can 
display content normally in the environment of -40 °C, has higher luminous efficien-
cy, low energy consumption, and ecological environmental protection, and can be 
made into a curved screen, thus bringing different visual impact to people. 

2.8 STM32F103C8T6 Microcontrollers 

STM32F103C8T6 a classic embedded solution from STMicroelectronics, the device 
is equipped with an ARM Cortex-M3 processor core (72MHz, 1.25DMIPS/MHz), 32-
bit RISC architecture and three-stage pipeline design, showing significant technical 
advantages in the field of smart elderly wearable devices: hardware performance 
benchmarks (computing and energy efficiency balance and peripheral interface topol-
ogy). 

It is used more in the field of smart home and consumer electronics and medical 
equipment, it supports the integration of WIFI or Bluetooth module communication 
interfaces, and is fused with medical-grade sensors, with biosensors to achieve heart 
rate, blood oxygen detection, and fall recognition. At the same time, its low-power 
communication protocol stack characteristics meet the standards of this design and 
comply with the IEEE 1855-2017 energy efficiency standard for medical electronic 
devices. 
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3 Conclusion 

The system needs to adopt a hybrid trigger monitoring mechanism: every morning, 
when the system detects the user's movement signal through the built-in accelerome-
ter, it automatically starts the comprehensive detection program of vital signs and 
performs body temperature measurement simultaneously; At the same time, the sys-
tem synchronously executes periodic monitoring in a preset period (3 times a day, and 
the time window is 09:00, 14:00, and 19:00). When the detection parameters exceed 
the preset safety threshold (heart rate < 50 or > 120 beats per minute, blood oxygen 
saturation < 95%, body temperature > 38.5 °C), the system will activate the three-
level alarm protocol - first, the abnormal data is presented through the OLED display 
screen and the sound and light alarm device is triggered, and then the early warning 
information (including real-time vital sign data and geographical location coordinates) 
is sent to the preset guardian through the 5G wireless module, and finally the guardian 
remotely evaluates and decides on the follow-up medical intervention plan. The spe-
cific process is shown in Figure 2. 

 
Fig. 2. System workflow 

This smart home pension wearing system is designed on the function of the origi-
nal smart bracelet, and adds more age-appropriate design, such as: reducing the vol-
ume of the device, which is convenient for the elderly to get used to, and the screen 
uses advanced OLED display, so that the elderly can see the screen clearly without 
looking directly, understand their own physical conditions, and install a voice interac-
tion module, which helps the elderly overcome the difficulties of using smart devices 
and is convenient for the elderly to use. Therefore, the scheme has significant indus-
trialization potential in the field of safety monitoring for the elderly. 

At the same time, in terms of modules, it has the following three aspects compared 
with most smart watches on the market:full-dimensional health protection (medical-
grade sign monitoring, fall intelligent response system, cognitive impairment protec-
tion). improving practical comfort (using graphene flexible batteries,)bionic skin ma-
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terials.increasing emotional value-added services (memory capsule function, cross-
generational interaction system, smart pill box linkage, etc). 

Compared with the current mainstream smart bracelets, 9 non-essential functions 
such as GPS positioning, sports pattern recognition, social media interaction, etc., the 
system adopts a "demand-oriented design", and only retains 6 core modules such as 
heart rate monitoring (accuracy ±2bpm), fall detection (three-axis accelerometer 
threshold algorithm), SOS one-key call for help (response time <0.8 seconds). The 
survey proved that the number of components was reduced by 37%, and the BOM 
(bill of materials) cost was reduced to $23.5/unit (52% lower than that of commercial-
ly available products). 

Ergonomic evaluation (ISO 9241-210 standard), removal of touch screen operation 
level, use of physical buttons Voice broadcast combination solution: the interface 
operation steps are reduced from 7 to 3 steps, the false touch rate is reduced from 19% 
to 4% for traditional devices, and the font size is enlarged to 18pt (in line with the 
WHO guidelines for visual assistance for the elderly). 
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