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WEARABLE DEVICE FOR REAL-TIME JOINT RANGE OF MOTION 

MEASUREMENT USING INTEGRATED SENSORS AND DISPLAY 

TECHNICAL FIELD 

[0001]. The invention relates to the field of medical devices and rehabilitation 

technologies and specifically to a wearable device for real-time joint range of 5 

motion measurement using integrated sensors and display. 

BACKGROUND  

[0002]. Range of motion (ROM) refers to the extent of movement a joint can 

achieve in various directions, including flexion, extension, abduction, 

adduction, and rotation. Accurate measurement of ROM is essential in 10 

physical therapy, sports medicine, orthopedics, and rehabilitation. It enables 

clinicians to assess joint function, monitor progress during recovery, evaluate 

treatment efficacy, and tailor exercise regimens for performance optimization 

or injury prevention. Traditional tools for measuring ROM, such as 

goniometers and inclinometers, have been widely used for decades. However, 15 

these manual instruments are often limited in accuracy, subject to human 

error, and require trained personnel to operate effectively. Moreover, they are 

not designed for continuous or dynamic assessment and typically offer no 

capability for real-time feedback, data storage, or digital visualization. 
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[0003]. Recent advances have introduced digital and sensor-based alternatives, 

including motion capture systems and mobile applications utilizing inertial 

measurement units (IMUs). While these systems improve upon traditional 

methods by offering more precise and dynamic tracking capabilities, they 

often come with their own set of limitations. These include complex setup 5 

requirements, dependence on external devices such as smartphones or 

computers, and high costs that make them inaccessible for routine clinical or 

home use. Many of these solutions also lack portability and adaptability 

across different joints, limiting their effectiveness for whole-body assessment. 

[0004]. As healthcare and rehabilitation move toward more decentralized, 10 

patient-centered approaches, there is a growing demand for solutions that 

allow individuals to measure and monitor their joint mobility independently 

and accurately, whether at home, in clinics, or in sports environments. 

Therefore, there exists a clear need for a compact, user-friendly, and self-

contained device that provides real-time ROM measurements, digital 15 

feedback, and multi-joint adaptability without relying on external hardware or 

software. The present invention addresses these challenges by offering a 

wearable solution that integrates motion tracking sensors and an embedded 

display into a single, standalone system designed for versatility, ease of use, 

and broad applicability across medical and athletic domains. 20 
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SUMMARY  

[0005]. In one aspect of the present disclosure, a portable device for measuring 

joint range of motion (ROM), comprising a set of integrated motion tracking 

sensors including at least one gyroscope and at least one accelerometer, 

configured to detect joint movement in multiple axes an embedded digital 5 

display configured to present real-time ROM data and a modular attachment 

mechanism configured to secure the device to various body joints. 

[0006]. In some aspects of the present disclosure, the motion tracking sensors 

are configured to detect at least flexion, extension, abduction, adduction, and 

rotational movements. 10 

[0007]. In some aspects of the present disclosure, the embedded display is 

configured to provide both numerical and graphical representations of ROM 

measurements. 

[0008]. In some aspects of the present disclosure, the modular attachment 

mechanism comprises adjustable straps or bands designed to accommodate 15 

joints of varying sizes, including but not limited to knees, elbows, shoulders, 

and wrists. 

[0009]. In some aspects of the present disclosure, the device is configured to 

function as a standalone system, operable without any external computing 

device or software. 20 

[0010]. In some aspects of the present disclosure, the ROM data is updated 

and displayed in real-time during movement. The embedded system includes 
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an interface allowing the user to navigate between ROM parameters and 

historical data. 

[0011]. In some aspects of the present disclosure, the motion tracking sensors 

are calibrated to filter out noise and account for individual anatomical 

variability. 5 

[0012]. In some aspects of the present disclosure, the device is further 

configured to store ROM data for later review and progress tracking. 

BRIEF DESCRIPTION OF DRAWINGS 

[0013]. The above and still further features and advantages of aspects of the 

present disclosure become apparent upon consideration of the following 10 

detailed description of aspects thereof, especially when taken in conjunction 

with the accompanying drawings, and wherein: 

[0014]. Figure 1 is a diagram of the device, in accordance with an aspect of the 

present disclosure; 

DETAILED DESCRIPTION 15 

[0015]. The following description provides specific details of certain aspects 

of the disclosure illustrated in the drawings to provide a thorough 

understanding of those aspects. It should be recognized, however, that the 

present disclosure can be reflected in additional aspects and the disclosure 

may be practiced without some of the details in the following description. 20 
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[0016]. The various aspects including the example aspects are now described 

more fully with reference to the accompanying drawings, in which the various 

aspects of the disclosure are shown. The disclosure may, however, be 

embodied in different forms and should not be construed as limited to the 

aspects set forth herein. Rather, these aspects are provided so that this 5 

disclosure is thorough and complete, and fully conveys the scope of the 

disclosure to those skilled in the art. In the drawings, the sizes of components 

may be exaggerated for clarity. 

[0017]. It is understood that when an element or layer is referred to as being 

“on,” “connected to,” or “coupled to” another element or layer, it can be 10 

directly on, connected to, or coupled to the other element or layer or 

intervening elements or layers that may be present. As used herein, the term 

“and/or” includes any and all combinations of one or more of the associated 

listed items. 

[0018]. The subject matter of example aspects, as disclosed herein, is 15 

described with specificity to meet statutory requirements. However, the 

description itself is not intended to limit the scope of this patent. Rather, the 

inventor/inventors have contemplated that the claimed subject matter might 

also be embodied in other ways, to include different features or combinations 

of features similar to the ones described in this document, in conjunction with 20 

other technologies. 
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[0019]. A wearable, self-contained device is disclosed for accurately 

measuring joint range of motion (ROM) in real-time. The device integrates 

motion tracking sensors, including gyroscopes and accelerometers, to detect 

multi-axis joint movements such as flexion, extension, abduction, adduction, 

and rotation. An embedded display provides immediate numerical and 5 

graphical feedback on ROM, eliminating the need for external devices or 

software. Designed with modular, adjustable straps, the device can be securely 

attached to various joints including the knee, elbow, shoulder, and wrist. The 

invention is suitable for clinical rehabilitation, athletic training, and personal 

use, offering an intuitive, portable solution for tracking joint mobility and 10 

recovery progress. 

[0020]. Range of motion (ROM) assessment is a fundamental component in 

fields such as physical therapy, sports science, orthopedics, and rehabilitation. 

It involves the measurement of the degree to which a joint can move in 

various directions. Accurate assessment of ROM is critical for diagnosing 15 

musculoskeletal conditions, tracking recovery progress, evaluating treatment 

effectiveness, and optimizing athletic performance. 

[0021]. Conventional methods for measuring joint ROM commonly include 

manual tools such as goniometers and inclinometers. These tools, while 

widely used, require skilled practitioners to operate, are prone to human error, 20 

and often lack the ability to provide real-time or digital feedback. 
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Furthermore, they do not support continuous tracking of joint motion or data 

storage, limiting their utility in dynamic assessments or long-term monitoring. 

[0022]. With the growing demand for remote rehabilitation, home-based 

therapy, and objective performance metrics in sports and medicine, there is a 

need for compact, accurate, and user-friendly devices capable of real-time 5 

ROM measurement. Existing digital solutions often rely on external sensors 

or mobile applications, increasing system complexity and reducing portability. 

[0023]. The present invention discloses a standalone, wearable device 

configured to measure the range of motion (ROM) of human joints with high 

accuracy and efficiency. The device integrates motion sensors, computational 10 

hardware, and a real-time display into a compact and ergonomically designed 

form factor that can be comfortably secured around various joints. By 

combining inertial measurement technology with an intuitive user interface 

and adaptable mechanical structure, the device serves as a comprehensive 

solution for clinical, athletic, and personal use scenarios. 15 

[0024]. At its core, the device incorporates a set of inertial sensors, typically 

consisting of gyroscopes and accelerometers, configured to monitor angular 

displacement and linear acceleration across multiple axes. These sensors can 

capture three-dimensional joint movement, including complex rotational 

patterns that are often difficult to track with conventional tools. The device 20 

may optionally include magnetometers to further enhance spatial orientation 

accuracy and correct for drift over prolonged usage. All sensor data is routed 
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through an onboard microcontroller or microprocessor, which executes real-

time signal processing algorithms to calculate the joint’s ROM in degrees. 

[0025]. The internal software includes a sensor fusion engine that merges raw 

data from the gyroscope, accelerometer, and optional magnetometer to 

produce clean and stable motion readings. Noise reduction filters, drift 5 

correction techniques, and motion segmentation algorithms are applied to 

isolate meaningful joint movements and ignore involuntary tremors or minor 

positional shifts. The firmware also allows for baseline calibration at the start 

of each use, ensuring consistency across sessions and users. 

[0026]. An integrated digital display, such as an LCD or OLED screen, is 10 

mounted on the outer casing of the device and serves as the primary user 

interface. This screen provides real-time ROM readings as the joint moves 

and can show both numeric values and dynamic graphical representations of 

movement patterns. In certain configurations, the device may include touch-

sensitive input, buttons, or gesture-based controls to navigate between 15 

measurement modes, review stored sessions, or configure device settings such 

as joint type, measurement thresholds, and language preferences. 

[0027]. The physical structure of the device includes a modular housing 

system and adjustable attachment components. Elastic or Velcro-based straps, 

reinforced with anti-slip inner linings, allow for firm placement of the device 20 

on joints of various sizes. Customizable mounting brackets may be included 

for joints with more complex geometries, such as the shoulder. The sensor 
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module is positioned in a fixed relation to key anatomical landmarks to 

maintain measurement accuracy and consistency across different joints and 

users. The lightweight construction and breathable materials ensure the device 

remains comfortable even during extended use or high-motion activities. 

[0028]. The device is powered by an internal rechargeable battery, optimized 5 

for low power consumption. Smart energy management protocols allow the 

device to enter sleep mode when not in use and wake automatically upon 

detection of motion. The battery may be charged via a USB-C port or through 

wireless charging pads, providing convenience and flexibility for users in 

various environments. Battery level, device status, and charging indicators 10 

may also be displayed on-screen. 

[0029]. In its basic configuration, the device functions entirely independently, 

without requiring connection to a smartphone, tablet, or external computer. 

All processing and display functionalities are self-contained. However, in 

advanced variants, the device may include Bluetooth or Wi-Fi modules that 15 

allow data synchronization with external devices or cloud-based platforms. 

This enables remote monitoring by healthcare professionals, data backup, or 

integration into electronic health record (EHR) systems. Companion 

applications, if implemented, may provide additional analytical tools, progress 

visualization, or telehealth communication features. 20 

[0030]. The device can be used across a range of applications. In clinical 

rehabilitation, it allows therapists to quantify improvements in joint mobility 
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objectively and track a patient’s progress throughout the recovery period. In 

athletic training, it provides real-time feedback on flexibility and symmetry 

between limbs, helping prevent injuries and optimize performance. For home-

based users, the device enables self-assessment and adherence to prescribed 

rehabilitation protocols without needing constant supervision. 5 

[0031]. Additional features may include customizable ROM target ranges, 

where the device alerts the user—visually, audibly, or through haptic 

feedback—once a specified ROM goal has been reached. These targets can be 

pre-set by a therapist or selected from standard joint mobility benchmarks. 

The system may also include the ability to track time-under-tension or speed 10 

of motion, offering further biomechanical insights. 

[0032]. The device may be manufactured in different sizes or with detachable 

modules to cater to pediatric, adult, or geriatric populations. Its ruggedized 

variants could be developed for use in outdoor sports or military applications, 

where durability and weather resistance are essential. 15 

[0033]. Altogether, the invention represents a significant advancement in 

ROM measurement technology. By providing an accurate, user-friendly, and 

fully autonomous solution, it bridges the gap between traditional manual tools 

and complex motion capture systems. It democratizes access to quantitative 

joint movement assessment, supporting improved outcomes in healthcare, 20 

sports, and personal wellness domains. 
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[0034]. The present invention provides a novel, compact, and efficient 

solution for accurately measuring joint range of motion through an integrated, 

wearable device. By combining advanced motion sensors, an embedded 

processing unit, and a real-time digital display into a single, self-contained 

system, the device eliminates the need for external hardware or software and 5 

significantly simplifies the ROM assessment process. Its ergonomic, modular 

design ensures compatibility with a wide range of joints and user types, while 

its portability and standalone operation make it suitable for clinical, athletic, 

and home-based applications. 

[0035]. This invention addresses the limitations of traditional manual tools and 10 

complex motion capture systems by offering a versatile and accessible 

alternative for dynamic and static joint monitoring. The ability to visualize 

ROM data in real time, track progress over time, and operate independently 

greatly enhances its utility for healthcare providers, sports professionals, and 

individual users alike. 15 

[0036]. Accordingly, the device represents a significant advancement in 

rehabilitation and mobility assessment technology, supporting improved 

patient care, injury prevention, and performance optimization across various 

domains. 

##### DIGITALLY SIGNED##### 20 
MADHU SMITA (IN/PA-3454) and  
PREM CHARLES I (IN/PA – 3311) 

Registered Patent Agents on behalf of the Applicant(s) 
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Claims: 

I/We Claim: 

1. A portable device for measuring joint range of motion (ROM), comprising: 

a) a set of integrated motion tracking sensors including at least one 

gyroscope and at least one accelerometer, configured to detect joint 5 

movement in multiple axes; 

b) an embedded digital display configured to present real-time ROM 

data; and 

c) a modular attachment mechanism configured to secure the device to 

various body joints. 10 

2. The device as claimed in claim 1, wherein the motion tracking sensors are 

configured to detect at least flexion, extension, abduction, adduction, and 

rotational movements. 

3. The device as claimed in claim 1, wherein the embedded display is configured 

to provide both numerical and graphical representations of ROM 15 

measurements. 

4. The device as claimed in claim 1, wherein the modular attachment mechanism 

comprises adjustable straps or bands designed to accommodate joints of 

varying sizes, including but not limited to knees, elbows, shoulders, and 

wrists. 20 
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5. The device as claimed in claim 1, wherein the device is configured to function 

as a standalone system, operable without any external computing device or 

software. 

6. The device as claimed in claim 1, wherein the ROM data is updated and 

displayed in real-time during movement. The embedded system includes an 5 

interface allowing the user to navigate between ROM parameters and 

historical data. 

7. The device as claimed in claim 1, wherein the motion tracking sensors are 

calibrated to filter out noise and account for individual anatomical variability. 

8. The device as claimed in claim 1, wherein the device is further configured to 10 

store ROM data for later review and progress tracking. 

Dated this May 06, 2025 

##### DIGITALLY SIGNED##### 
MADHU SMITA (IN/PA-3454) and  
PREM CHARLES I (IN/PA – 3311) 15 

Registered Patent Agents on behalf of the Applicant(s) 
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ABSTRACT 

WEARABLE DEVICE FOR REAL-TIME JOINT RANGE OF MOTION 

MEASUREMENT USING INTEGRATED SENSORS AND DISPLAY  

A wearable, self-contained device is disclosed for accurately measuring joint range of 

motion (ROM) in real-time. The device integrates motion tracking sensors, including 5 

gyroscopes and accelerometers, to detect multi-axis joint movements such as flexion, 

extension, abduction, adduction, and rotation. An embedded display provides 

immediate numerical and graphical feedback on ROM, eliminating the need for 

external devices or software. Designed with modular, adjustable straps, the device 

can be securely attached to various joints including the knee, elbow, shoulder, and 10 

wrist. The invention is suitable for clinical rehabilitation, athletic training, and 

personal use, offering an intuitive, portable solution for tracking joint mobility and 

recovery progress. 
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