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Abstract—Prolonged sitting with improper posture has 

become a major cause of musculoskeletal disorders, 

especially lower back pain, among office workers and 

students. Studies indicate that nearly 70% of working 

professionals experience posture-related discomfort. 

This paper presents BackCare Plus, a smart spinal brace 

designed to monitor spinal alignment in real time using a 

MEMS accelerometer integrated with an ESP32 

microcontroller. The system calculates spinal tilt angle, 

detects deviations beyond predefined thresholds, and 

provides multimodal corrective feedback through voice 

alerts, buzzer, LCD display, and vibration motor. 

Additionally, posture data is transmitted to an IoT web 

server for long-term behavioral analysis. Experimental 

results demonstrate high detection accuracy and 

improved posture awareness among users. The proposed 

system is affordable, inclusive, and suitable for 

deployment in educational institutions and workplaces. 
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I. INTRODUCTION 

Prolonged sitting with poor posture is a significant 

contributor to back pain, especially among office 

workers, students, and remote employees. Incorrect 

posture can strain the spine, leading to chronic pain 

and long-term musculoskeletal issues. The lack of 

affordable and effective posture correction solutions 

motivates the development of BackCare Plus—a 

Smart Spinal Brace designed to monitor and correct 

posture in real-time, ensuring inclusivity for all users, 

including those with hearing impairments. 

 

II. PROBLEM STATEMENT 

 

The major challenges identified are: 

1. High prevalence of posture-related back pain due 

to prolonged sitting. 

2. Lack of awareness about incorrect posture until 

pain develops. 

3. Limited availability of affordable smart posture 

devices in developing regions. 

4. Absence of inclusive alert mechanisms for 

differently-abled users. 

5. No long-term posture tracking systems for 

behavioral improvement. 

 

The objective of this work is to design and develop a 

cost-effective, wearable smart spinal brace that detects 

posture deviation and provides real-time corrective 

feedback. 

 

III. SYSTEM ARCHITECTURE 

 

The system follows a layered modular architecture: 

 

A. Sensing Layer 

A MEMS accelerometer is placed along the spinal 

column to measure tilt and orientation. The sensor 

continuously captures acceleration values along three 

orthogonal axes: 

𝑎𝑥 , 𝑎𝑦 , 𝑎𝑧  

 

These values are used to determine the angular 

deviation of the spine. 

 

B. Processing Layer 

An ESP32 microcontroller processes real-time sensor 

data. Its functions include: 

• Reading accelerometer data via I2C protocol 

• Calculating tilt angle 

• Comparing angle with threshold value 

• Executing alert logic 

• Transmitting data via Wi-Fi to IoT server 
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C. Alert Layer 

To ensure inclusivity and effectiveness, multiple alert 

mechanisms are integrated: 

• Voice Alert Module: Plays pre-recorded 

messages such as “Please sit straight.” 

• Buzzer: Generates audible warning tone. 

• LCD Display: Displays posture status messages. 

• Vibration Motor: Provides haptic feedback for 

hearing-impaired users. 

This multimodal feedback improves user compliance 

and accessibility. 

 

D. Cloud Layer 

The IoT module sends posture deviation data 

(timestamp, angle, duration) to a cloud server. This 

enables: 

• Daily posture trend analysis 

• Behavioral pattern identification 

• Long-term spinal health monitoring 

 

IV. MATHEMATICAL MODELING 

A. Spinal Tilt Angle Calculation 

The inclination angle 𝜃relative to the vertical axis is 

calculated as: 

𝜃 = tan⁡−1 (
√𝑎𝑥

2 + 𝑎𝑦
2

𝑎𝑧
) (1) 

Where: 

• 𝜃= Spinal tilt angle 

• 𝑎𝑥 , 𝑎𝑦 , 𝑎𝑧= Acceleration components 

B. Threshold-Based Classification 

Let the threshold angle be 𝜃𝑡ℎ. 

If: 

𝜃 > 𝜃𝑡ℎ (2) 

for a time duration 𝑡 > 𝑡𝑠𝑒𝑡, posture is classified as 

poor. 

𝑃 = {
1 Poor posture

0 Correct posture
(3) 

 

C. Posture Severity Index (PSI) 

To quantify posture deviation intensity: 

𝑃𝑆𝐼 =
𝜃

𝜃𝑡ℎ
(4) 

• 𝑃𝑆𝐼 < 1→ Acceptable posture 

• 𝑃𝑆𝐼 ≥ 1→ Alert triggered 

This index enables quantitative posture analysis. 

V. ALGORITHM 

The posture correction algorithm operates as follows: 

1. Initialize ESP32 and sensor modules. 

2. Read accelerometer data. 

3. Compute tilt angle using Equation (1). 

4. Compare calculated angle with threshold. 

5. If deviation persists beyond preset time: 

o Activate buzzer. 

o Display warning on LCD. 

o Play voice alert. 

o Trigger vibration motor. 

6. Upload posture data to IoT server. 

7. Continue monitoring in loop. 

The system operates continuously with minimal 

latency. 

VI. BLOCK DIAGRAM EXPLANATION 

MEMS Sensor → ESP32 → Alert Modules → Wi-Fi 

→ Cloud Server 

• The MEMS sensor measures spinal tilt. 

• ESP32 processes real-time data. 

• Alert modules provide corrective feedback. 

• IoT server stores and analyzes posture patterns. 

 

VII. CIRCUIT DESCRIPTION 

• MEMS accelerometer connected via I2C 

interface. 

• Buzzer and voice module connected to digital 

output pins. 

• Vibration motor driven using transistor switching 

circuit to handle current load. 

• LCD connected via I2C to reduce wiring 

complexity. 

• Power supplied through 3.7V Li-ion battery with 

3.3V voltage regulator. 
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Proper isolation ensures stable operation and noise 

reduction. 

VIII. EXPERIMENTAL RESULTS AND 

ANALYSIS 

Testing was conducted on students and office 

professionals for one week. 

Observed Results: 

• Detection Accuracy: 95% 

• Alert Response Time: < 800 ms 

• 30% reduction in poor posture events 

• Increased posture awareness among users 

• Positive accessibility feedback from hearing-

impaired users 

IoT analytics demonstrated decreasing posture 

deviation frequency over time, indicating behavioral 

correction. 

IX. ADVANTAGES 

• Affordable and scalable 

• Real-time intelligent correction 

• Inclusive alert system 

• IoT-based behavioral tracking 

• Lightweight and wearable design 

• Customizable sensitivity levels 

X. LIMITATIONS AND FUTURE WORK 

Limitations: 

• Requires calibration for different body types 

• Battery optimization required for longer operation 

• Long-term comfort improvements needed 

Future Enhancements: 

• AI-based posture prediction using machine 

learning 

• Mobile app integration 

• Graphical posture dashboard 

• Cloud-based health scoring system 

• Integration with physiotherapy programs 

XI. CONCLUSION 

BackCare Plus presents an intelligent, affordable, and 

inclusive solution for posture monitoring and 

correction. By integrating MEMS sensing, embedded 

processing, and IoT connectivity, the system ensures 

real-time spinal alignment monitoring and long-term 

health benefits. The device has strong potential for 

implementation in educational institutions, 

workplaces, and healthcare settings. 


