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ABSTRACT: One of the leading causes of occupational disability globally is still low back pain (LBP), which is
mostly brought on by bad posture, repetitive lifting, and extended sitting. Conventional lumbosacral corset belts give
the lumbar spine mechanical support, but they are unable to measure or transmit spinal stress in real time. A
Bidirectional Force-Sensing Lumbosacral Corset Belt that allows for both compression and tension force monitoring
for back safety and ergonomics is designed and developed in this research.

The suggested system combines signal conditioning, amplification, microcontroller-based processing, and a
piezoresistive strip sensor set up in a Wheatstone bridge circuit. The system's calibration allows it to monitor spinal
forces between -8400 N (compression) and +8400 N (tension). In order to enable prompt preventive action, a GSM-
based wireless alert is activated to alert connected devices, such as smartphones or smartwatches, when these forces
surpass the NIOSH safety limits of £3400 N.

The belt's ergonomic shape, lightweight, breathable material, and adjustable straps offer comfort and practicality. By
fusing digital input with mechanical assistance, it functions as an intelligent assistive gadget for office workers,
rehabilitation patients, and industrial workers. With real-time, quantitative monitoring, the prototype shows great
promise in lowering occupational back injuries and promoting physiotherapeutic recovery.

KEYWORDS: Lumbosacral corset, Piezoresistive effect, Tensile or compressive strain, Silicon Piezo resistors,
Wheatstone bridge circuit, Low back pain, Spinal loading, Ergonomics, GSM-based alert system

I. INTRODUCTION

One of the most important worldwide health issues of the twenty-first century is low back pain (LBP)[2][3]. The World
Health Organization (WHO) estimates that by 2050, there will be 843 million persons with low back pain globally, up
from around 619 million in 2020. Presently, it is the primary cause of disability, lowering overall quality of life and
making a substantial contribution to years lived with disability (YLDs).

One of the main causes of this syndrome is occupational factors, including extended spinal loading, prolonged sitting
with bad posture, and repetitive lifting[1][21]. The socioeconomic impact of back pain is especially severe in nations
like India, where a sizable share of the workforce works in manual labor-intensive industries including construction,
logistics, agriculture, and healthcare.

Conventional methods of treating back pain usually involve the use of lumbosacral corset belts, ergonomic training,
medication, and physical therapy. These corsets are frequently recommended to limit motion in troublesome areas of
the lumbar spine, stabilize it, and offer external support while recovering from hard lifting or rehabilitation exercises.
Despite providing mechanical support, traditional corsets do not give users quantitative feedback regarding the spinal
load they are experiencing[10][23]. Users are therefore oblivious to the fact that they are putting their spine under
dangerously high levels of compression or strain.

New opportunities for creating more intelligent rehabilitation and ergonomic devices have been made possible by
recent developments in wearable technology, flexible sensors, and Internet of Things (IoT) systems[4][5][8]. The tiny
form factor, high sensitivity, and bidirectional force detection capabilities of piezoresistive sensors in particular make
them a viable avenue. These sensors may produce exact voltage outputs proportionate to applied force when set up in a
Wheatstone bridge circuit[6][7][12]. They function by changing their resistance in response to mechanical strain. Such
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a sensor can be integrated into the back panel of a lumbosacral corset to measure spinal tension and compression in real
time[9][20], filling a crucial gap left by traditional support systems.

For back safety and ergonomics, the suggested study presents a bidirectional force-sensing lumbosacral corset belt. A
Wheatstone bridge, signal conditioning unit, microprocessor, and GSM module are among the supporting electronics
that are integrated with a piezoresistive strip sensor (0.5 V—4.5 V range) in order to transmit alerts wirelessly. The
spinal forces that the device can measure range from -8400 N (compression) to +8400 N (tension). The National
Institute for Occupational Safety and Health (NIOSH) recommendations, which specify compression limits[1] of
around —3400 N and critical tension marks of approximately +3400 N, are among the international ergonomic safety
thresholds that have been used to determine this range.

Upon donning the belt and activating the device, the integrated sensor measures the force applied to the lumbar region
while performing tasks like standing, sitting, bending, or lifting. After the resistance change is converted by the
Wheatstone bridge into a voltage signal, it is amplified and digitalized. Newtons of force are obtained from this voltage
using a calibrated force—voltage mapping equation. Continuous comparisons between the measured values and
common compression and tension thresholds are made by the microcontroller. The gadget merely keeps doing
monitoring and records the information for further analysis if the forces stay within the safe ergonomic zone. The GSM
module is activated by the system and instantly notifies linked devices[16][17][24], like smartphones or smart watches,
if the spinal load surpasses safe thresholds.

Despite the widespread prevalence of back pain and the popularity of supportive belts, there exists a critical gap in
current back safety solutions:

Absence of Quantitative Monitoring: The pressures exerted on the spine are not measured or communicated by
traditional lumbosacral corsets, which simply offer passive support. Because of this, users and medical professionals
are unable to determine whether the spinal load is still within acceptable bounds.

Delayed Risk Recognition: Until pain or injury occurs, it is frequently difficult to identify spinal compression or
tension that beyond safe ergonomic thresholds. Long-term incapacity, absenteeism, and chronic diseases are all
impacted by this detection delay.

Lack of Real-Time Alerts: When dangerous spinal loads arise, consumers are not immediately alerted by current
methods. Employees, office staff, and rehabilitative patients frequently engage in risky behaviors without realizing it.
Limited Integration of Wearable Sensing: Wearable technologies have made significant strides in other areas, such
as step tracking and heart rate monitoring, but their use in direct spinal load sensing is still relatively unexplored.
Instead of force-based assessment, the majority of current research focuses on posture monitoring or motion capture.
Insufficient Ergonomic Feedback: Ergonomic training is still generic and ineffectual at preventing injuries in the
absence of easily available, tailored, and real-time feedback.

Therefore, a smart lumbosacral corset that not only offers mechanical support but also continuously monitors, analyzes,
and communicates spinal loading is desperately needed. Such a device could be used for both preventive (by alerting
physicians and physiotherapists to potentially dangerous loads) and rehabilitative (by providing objective load data
during recovery).

By creating and demonstrating a Bidirectional Force Sensing Lumbosacral Corset Belt, the current work seeks to close
this gap. The system turns a passive support device into an active ergonomic assistant by fusing signal conditioning,
calibrated force mapping, piezoresistive sensor technology, and GSM-based communication. Combining biomechanics,
technology, and the Internet of Things could:

e Provide early warnings of hazardous loading to prevent spinal injuries at work.

e Give patients quantifiable input on their spinal forces to aid in their recovery. And

e Encourage better posture in daily life with ongoing monitoring and notifications.

In addition to integrating force sensing into a traditional corset, the innovation consists in making it real-time,
communicative, and bidirectional (compression and tension). The gadget makes a substantial contribution to back
safety and ergonomics by completing the loop between sensing, analysis, and user feedback.
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II. REVIEW OF LITERATURE

1.) Lumbosacral Corset —

Lumbosacral corsets have long been recommended as an external support system for those who need stability after
surgery, suffer disc degeneration, scoliosis, or low back discomfort. Their main roles include limiting detrimental spinal
mobility, lowering axial stress, and offering proprioceptive input to deter bad posture. By improving trunk stability and
lowering lumbar lordosis, lumbosacral belts may provide short-term symptom relief, according to research in
rehabilitation medicine[10][21]. Although they physically limit mobility, traditional corsets have a significant
drawback in that they don't quantify the amount of spinal stress that occurs during various activities. Despite apparent
support, overexertion may be permitted because patients and physicians are uncertain of whether pressures acting on
the spine stay within acceptable levels. To close this gap, recent studies have focused on integrating smart fabrics and
integrated sensors in orthopedic supports[4][5][23]. By adding force sensors, corsets may be converted from static
assistance to active monitoring tools that can provide unbiased, real-time information on spinal stress. This is especially
important for patients receiving physiotherapy where regulated force exposure is essential, as well as for employees
who perform repetitive lifting or bending jobs. Therefore, the transition from traditional corsets to sensor-enhanced
smart corsets marks a significant advancement in rehabilitation and ergonomics, addressing the therapeutic and
preventative aspects of spinal health.

2). NIOSH Report —

To determine thresholds for safe spinal loading, the National Institute for Occupational Safety and Health (NIOSH) has
conducted a thorough investigation on lifting dangers, ergonomics, and spinal safety. The NIOSH recommendations
propose a maximum compression limit of around 3400 N[1] for the lumbar spine. The danger of vertebral failure and
injury to the inter-vertebral disc is greatly increased by forces above this threshold. Additionally, it is common practice
to identify vertebral failure zones between 5000 and 6000N[1][3] of compressive force. Although less research has
been done on the tension side than on the compression side, NIOSH references and biomechanical literature indicate
that tensile loads surpassing +3400 N may be dangerous, with tensile failure most likely occurring between 5000 and
6000 N. The scientific basis for lifting recommendations, ergonomic design, and occupational health standards is these
biomechanical thresholds.

The spinal loading spectrum picture shows how everyday tasks, including sitting normally or carrying heavy objects
with bad posture, can produce forces that are close to or higher than these thresholds. The work of NIOSH emphasizes
how urgently spinal loads in practical situations need to be quantitatively monitored[1][9]. By warning users before
dangerous loads are achieved, wearable force-sensing corsets that are in line with these standards might stop
cumulative injuries. Therefore, NIOSH safety recommendations serve as both reference values and calibration
standards for the creation of ergonomic wearable of the future, such as bidirectional sensor corsets.

Spinal Loading Spectrum with Compression & Tension Safety Zones
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Figure 1: Spinal loading spectrum chart — shows compression and tension safety zones with NIOSH and vertebral
failure thresholds.
3.) Piezoresistive Effect-
The ability of some materials, particularly conductive polymers and doped semiconductors, to alter their electrical
resistance under mechanical stress is known as the piezoresistive effect[6][12]. This phenomenon makes it possible for
wearable devices to monitor compressive and tensile forces when it is utilized in sensor strips. The advantages of the
piezoresistive response include its high sensitivity, linearity, and possibility for small, flexible form factors, which
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make it perfect for incorporation into corsets and fabrics. However, a precise detecting method is necessary since the
resistance changes are frequently modest, usually in the milliohm to ohm region. increases precision, particularly under
low-signal circumstances. The system may provide voltage signals appropriate for digitization and calibration when
connected to an instrumentation amplifier.

For this problem, the Wheatstone bridge circuit offers a practical solution. Even little changes in resistance brought on
by strain can be converted into detectable voltage outputs by positioning the piezoresistive element in one or more of
the bridge's arms. Particularly in low-signal situations, differential measurement increases accuracy by eliminating
common-mode noise. The system may provide voltage signals appropriate for digitization and calibration when
connected to an instrumentation amplifier[7][13]. A Wheatstone bridge with piezoresistive strips enables precise
recording of spinal forces across both compression and tension ranges[9][20] in lumbosacral corset applications. This
method offers resilience against sensor nonlinearity and thermal drift, particularly when paired with half-bridge or full-
bridge systems that make use of dummy resistors. Therefore, it is essential to integrate the piezoresistive effect with
Wheatstone bridge circuits in order to achieve the precision and dependability needed in biomedical wearable force
measuring devices.

4.) Right Pressure Application on the Spine-

Effectively managing rehabilitation and preventing injuries depend on knowing and keeping an eye on the proper
pressure application on the spine. Acute injury, herniation, or accelerated degeneration can result from excessive
pressing on the spinal discs[14][18]. Long-term dysfunction can also result from overstressing ligaments and
intervertebral structures due to excessive tensile stresses during spinal traction or stretching. In clinical settings,
regulated pressure is employed in rehabilitation and physiotherapy programs, where safe limits must be upheld to
encourage healing without exacerbating injuries[19][21]. For instance, whereas low traction forces might alleviate
nerve impingement, they run the danger of causing spinal separation when they above safe tensile levels. According to
ergonomic theory, cumulative trauma illnesses are exacerbated by extended exposure to sub-threshold but repeated
loading, like that found in desk or assembly line employment.

Thus, having real-time information of spinal pressures might enable users to follow recommended rehabilitation
guidelines, avoid risky lifting habits, and adopt corrective postures. Wearable corsets that incorporate force-sensing
technology offer constant feedback, facilitating actions for both prevention and correction. Additionally, by using this
data, occupational health professionals, ergonomists, and clinicians may create customized treatment regimens[22][25]
or workplace policies. In summary, understanding how to apply pressure correctly is essential for both personal safety
and public health, since it lowers the prevalence of musculoskeletal illnesses worldwide. This need is met by the
suggested corset, which measures and transmits real-time spinal loading.
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1. METHODOLOGY

Lumbosacral Corset with
Piezoresistive Strip
(Rechargeable System)

User Wears the Belt
Turn ON Power Supply

[Sensor Detects Pressure on Spine)

Generate Voltage Output \
(0.5V-4.5V)

Calculate Force in Newtons
(using Calibration Equation)

Compare Force with Standard Thresholds
(Compression / Tension Zones)

Force Within Safe Zone?
es No

(’l‘l:igger GSM Module Tmmmissinn)

[Continue Monitoring & Data Logging)

"Send Alert Message to Connected Device
(Smartphone

/Smattwatch)/

Figure 2: System flowchart — outlines working of lumbosacral corset with piezoresistive sensor, data logging, and
GSM alerts.

The Bidirectional Force Sensing Lumbosacral Corset Belt for Back Safety and Ergonomics was developed by
integrating contemporary sensor technologies, signal processing, and communication modules with a traditional lumbar
support system. The main goal is to change the lumbosacral corset from a passive support tool to an active ergonomic
aid that can continuously monitor spinal loads and instantly notify users when dangerous tension or compression is
being applied. The gadget may be used for both preventative and therapeutic Internet of Things (IoT) concepts.

A thin, flexible piezoresistive strip sensor is housed in a modified lumbosacral corset belt in the mechanical layer,
which is where the design starts. The corset itself offers the well-known advantages of posture correction, lumbar
stability, and support when engaging in physical activity like lifting, standing, or sitting. The lumbar region (L3-S1),
the most susceptible location for spinal injuries, is where the sensor is implanted in the corset's back panel. The sensor
will be immediately exposed to the compression and tension forces applied during everyday activities and will be in the
best possible alignment with the spine's natural curvature thanks to this positioning. The corset's lightweight,
breathable, and washable materials provide comfort and usefulness, and its adjustable Velcro straps let the user
personalize the fit. The corset is made of lightweight, breathable, and machine-washable fabrics to provide comfort and
usage, and its adjustable Velcro straps let the user alter the fit without limiting movement. This ensures compliance in
both business and rehabilitative contexts by making the prototype comfortable to wear for prolonged periods of time.

The sensing layer operates on the piezoresistive effect principle, which states that when mechanical strain is applied,

the resistance of the strip changes. The spinal column puts stresses on the corset while the wearer wears the belt and
performs tasks like stretching or lifting a load. Measurable resistance differences result from the transmission of these
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forces to the strip. The strip is included into a Wheatstone bridge circuit, which transforms the resistance variations into
a differential voltage signal between 0.5 and 4.5 V, enabling precise detection of these minute variations. Bidirectional
measurement is made possible by this arrangement, which guarantees sensitivity to both compressive (negative) and
tensile (positive) forces. A low-pass filter removes noise and motion artefacts, while an instrumentation amplifier
strengthens the signal. An analog-to-digital converter is then used to digitize the conditioned signal, readying the data
for additional processing.

The signal is strengthened by an instrumentation amplifier, while noise and motion artefacts are eliminated using a low-
pass filter. The conditioned signal is then digitalized using an analog-to-digital converter, preparing the data for further
processing. Using the equation:

Force (N) = [((Vout - Vmin)/(Vmax— Vmin))*(Pmax - Pmin) + Pmin] *A

The NIOSH safety thresholds establish safe and dangerous zones, and the equipment can monitor forces between
—8400 N and +8400 N. In particular, pressures reaching —6000 N or +6000 N fall into the vertebral and tensile failure
zones, respectively, whereas compression and tension above —3400 N and +3400 N are deemed dangerous. The
microcontroller continually compares the user's spinal stress to ergonomic requirements by integrating these thresholds
into its circuitry.

When the user turns on the belt, the decision-making process begins, as shown in the flowchart. As the user moves, the
device starts to record spinal loads. The gadget keeps track of the forces and records them for later ergonomic study if
they stay within safe limits. The microcontroller activates the GSM communication module, nevertheless, if the spinal
load above the safety standards for more than two seconds, signifying persistently dangerous loading. The module then
sends an alarm message to smart watches and cell phones that are linked. Before serious spinal damage happens, the
user may take corrective action, such as changing posture, lowering lifting weight, or taking a break, thanks to this
instant feedback loop.

Figure 3: Lumbosacral belt (device view) — illustrates the integrated piezoresistive strip for spinal load detection.

The actual integration of the piezoresistive strip into the corset is seen in the prototype image (Figure 2). To show
where the strip is located along the vertical lumbar axis, it is outlined in red. It doesn't impede comfort or movement
because to its thin, flexible shape. A little pouch on the side of the belt holds the electronics module, which includes the
amplifier, ADC, microcontroller, battery, and GSM module. Because of its discreet location, the system doesn't
interfere with the user's ability to carry out daily duties. The belt's ergonomic design, soft materials, and discrete
electronics guarantee that it is not only practical but also pleasant enough for everyday usage.
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In order to ensure accuracy, the system must be calibrated. The process starts with bench calibration, in which the
corset is placed on a test jig and exposed to known compression and tension forces as determined by a reference load
cell. The output voltages are then recorded and utilized to create a force—voltage calibration curve, and the conversion
equation is established using linear regression. In real-world use, an auto-zeroing function enables users to reset the belt
to a neutral baseline while standing in a relaxed position, correcting for variations caused by strap tightness or
individual spinal curvature, guaranteeing customized calibration for each wearer.

To improve performance, extra processing steps are incorporated by the microcontroller's firmware. These include
storing long-term force records for subsequent retrieval, avoiding false triggers from fleeting oscillations, and
smoothing data with a moving average filter and hysteresis logic. To help with rehabilitation and occupational safety
training, physiotherapists or ergonomists might examine the data to find patterns of dangerous loading. Furthermore,
even those who do not often check their cell phones will receive timely alerts via push notifications or SMS thanks to
the GSM connectivity.

The belt's design prioritizes comfort, portability, and long battery life from a use standpoint. Users may wear the belt
beneath regular clothes without experiencing any pain because to the textile integration and lightweight sensor. The
device can run on a rechargeable battery for 8 to 12 hours, which is plenty for a full workday or therapeutic session. By
detaching the electronics, the corset may be cleaned, preserving hygienic conditions. The concept tackles a major issue
with wearable medical devices by striking a balance between comfort and sophisticated sensing: making sure that the
advantages of technology don't hinder user acceptance.

There are two stages to system validation. The accuracy, linearity, and repeatability of the corset's sensor outputs are
assessed during the mechanical testing phase by comparing them to reference load cells in a controlled environment.
Volunteers use the belt during routine activities including standing, sitting, bending, and lifting during the human
subject testing phase. To verify validity, the system's readings are contrasted with biomechanical models of spinal
stress. Additionally gathered is user input about alert efficacy, comfort, and usefulness. The prototype is guaranteed to
be both practically relevant and scientifically correct thanks to this two-tier validation process.

Forcz\%ange Condition Status/Interpretation System Response
S 3 e e Normal
0 N (Neutral) No load Spine in neutral, no additional stress S
monitoring
Safe ergonomic zone; typical forces S
> Low 290" S P 2 N ; dat
0 to =2000 N 9“ : during sitting. standing. or light E orxpal_ o
compression/tension = S o logging only
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There are two stages to system validation. The accuracy, linearity, and repeatability of the corset's sensor outputs are
assessed during the mechanical testing phase by comparing them to reference load cells in a controlled environment.
Volunteers use the belt during routine activities including standing, sitting, bending, and lifting during the human
subject testing phase. To verify validity, the system's readings are contrasted with biomechanical models of spinal
stress. Additionally gathered is user input about alert efficacy, comfort, and usefulness. The prototype is guaranteed to
be both practically relevant and scientifically correct thanks to this two-tier validation process.

The suggested approach has a number of benefits. First of all, unlike the majority of wearable devices now on the
market, it allows for bidirectional measurement, collecting both compression and tension forces. Second, the real-time
warning system fills the crucial gap left by traditional lumbosacral corsets by guaranteeing preventative action before
harm occurs. Third, the belt is useful for long-term usage in both professional and rehabilitation contexts because of its
lightweight and ergonomic design, which guarantees that it is pleasant for everyday wear. Fourth, even in low-
connectivity environments—where cloud-based solutions would not function—the system is available. Last but not
least, the integration of data logging and warnings offers advantages for both immediate prevention and long-term
ergonomic evaluation

To sum up, the research shows a methodical way to creating and evaluating a smart lumbosacral corset that blends
contemporary sensing and communication technologies with conventional support. Back safety and ergonomics are
addressed by the gadget through the use of a piezoresistive strip, Wheatstone bridge signal conditioning, and GSM-
based real-time notifications. The prototype graphic emphasizes the user-friendly design, and the flowchart provides a
comprehensive explanation of the operating logic. When taken as a whole, they highlight how the system turns a
passive orthopaedic support into an active protector of spinal health that may help with rehabilitation, injury
prevention, and better workplace ergonomics.

IV. CALCULATIONS

Formula:

Force (N) = [((Vout = Vmin)/(Vmax - Vmin))*(Pmax - Pmin) + Pmin] *A
This formula calculates the force applied on the backbone in Newtons.
Constants as per the sensor configurations are:

Vmin> 0.5V

Vmax> 4.5V

Pmin~> -1.5MPa =-1.5*10Pa

Pmax=> +1.5MPa = +1.5*¥10%Pa

A = 2cm * 28cm = 56cm = 0.0056m?

Case 01:
When, Vou= 2.5V (This output is obtained when the person is resting flat)
Proof:
Force (N) = [((Vout = Vmin)/(Vmax - Vmin))*(Pmax - Pmin) + Pmin] *A
F =[((2.5V-0.5V)/(4.5V-0.5V))*(1.5X10%Pa-(-1.5X10°Pa))+(-1.5X10°Pa)]*0.0056m>
=[(2/4)*(3.0X10% — 1.5X10°]Pa*0.0056m>
=[1.5X10°Pa-1.5X10°Pa]*0.0056m>

= OPa * 0.0056m>

@ - Normal

Case 02:
When, Vo= 0.5V (Max compression measurement limit)
Proof:
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Force (N) = [((Vout - Vmin)/(Vmax— Vmin))*(Pmax - Pmin) + Pnmin] *A

F = [((0.5V-0.5V)/(4.5V-0.5V))*(1.5X 10Pa~(-1.5X10°Pa))+(-1.5X 10Pa)]*0.0056m>
= [(0/4)*(3.0X10%) — 1.5X10°]Pa*0.0056m?

= -1.5X10%Pa*0.0056m>

F =-8400 —> Device shuts monitoring loop / alerts

Case 03:
When, Vo= 4.5V (Max tension measurement limit)
Proof:
Force (N) = [((Vout - Vmin)/(Vmax— Vmin))*(Pmax - Pmin) + Pmin] *A
F =[((4.5V-0.5V)/(4.5V-0.5V))*(1.5X10°Pa-(-1.5X10°Pa))+(-1.5X10°Pa)]*0.0056m>
=[(4/4)*(3.0X10%) — 1.5X10°]Pa*0.0056m>
=[1.5X10°Pa]*0.0056m>
= 0Pa * 0.0056m>

F = +8400 -> Device shuts monitoring loop / alerts
Case 04:
When, V. is between -3400 & -8400(Compression failure zone)
Consider, Vour=1.17V
Proof:
Force (N) = [((Vout = Vmin)/(Vmax - Vmin))*(Pmax - Pmin) + Pmin] *A
F =[((1.17V-0.5V)/(4.5V-0.5V))*(1.5X10°Pa-(-1.5X10°Pa))+(-1.5X10°Pa)]*0.0056m>
=1[(0.67/4)*(3.0X10°) — 1.5X10°]Pa*0.0056m?>
=[502500+(-1.5X10%)]Pa*0.0056m?
=-997,500Pa * 0.0056m>
F =-5600 - GSM alert triggered
Case 05:
When, Vo is between +3400&+8400(Tension failure zone)
Consider, Vo= 3.49V
Proof:
Force (N) = [((Vuut = Vmin)/(Vmax - Vmin))*(Pmax - Pmin) + Pmin] *A
F =[((3.94V-0.5V)/(4.5V-0.5V))*(1.5X10°Pa-(-1.5X10°Pa))+(-1.5X10°Pa)]*0.0056m>
=[(3.44/4)*(3.0X10°) — 1.5X10°]Pa*0.0056m?>
=[2,242,500+(—1.5x106)]*0.0056m>
=742,500Pa * 0.0056m?

F=+4160N] > GSM alert triggered
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V. RESULTS

1

Fig. 4. User wearing the lumbosacral corset. The belt fits on the lower back with the embedded sensing and monitoring
system.

Fig. 5. Smartwatch interface displaying spinal load. Shows live feedback (e.g., 2205 N, normal) for user monitoring.
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Fig.7.Simulated Spinal Load on Backbone of Daily Wage Construction Worker (1 Hour)

VI. CONCLUSION

The creation of the Bidirectional Force Sensing Lumbosacral Corset Belt is a major breakthrough in wearable medical
technology, ergonomics, and spinal care prevention. Although they work well for external stability, traditional
lumbosacral corsets are unable to measure spinal loading or warn users of potentially dangerous situations. By
combining a piezoresistive strip sensor, Wheatstone bridge circuitry, microcontroller-based force computation, and
GSM communication module into a single wearable gadget that is easy to use, this study overcomes that constraint.
With a measuring range of -8400 N to +8400 N, the end result is a device that can continually monitor spinal
compression and tension forces in real time. It can also promptly notify users when NIOSH safety standards-based
limits are surpassed.

The suggested approach, which has been verified by scheduled user trials and bench calibration, guarantees that the
corset serves as a clever back-safety assistant in addition to a therapeutic support device. The prototype balances
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technical accuracy and ergonomic utility by integrating force sensors into a cozy and customizable textile corset. The
system's flowchart shows a clear

operating loop that includes spinal pressure detection, voltage conversion, force calculation, comparison with safety
limits, and alarm transmission in the event of harmful situations. The sensor strip's practical incorporation into the
lumbar area, which guarantees direct alignment with the most susceptible spinal segments, is further highlighted in the
prototype image.

This innovation has a significant influence on society. The technology has the potential to lessen the global burden of
low back pain, which is now the top cause of disability globally, by reducing injuries among office workers, industrial
workers, and patients undergoing rehabilitation. Additionally, by incorporating real-time communication and feedback,
users may take prompt remedial action, changing the focus of spinal care from reactive therapy to proactive prevention.

To sum up, the bidirectional force sensing corset is a step toward combining electronics, biomechanics, and the Internet
of Things into a workable health solution. It is more than just a supportive belt; it is a complete ergonomic monitoring
system that helps users stay safe, educated, and empowered while also supporting the larger objectives of preventive
medicine and occupational health.
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