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Abstract-This paper shows the design of a low-cost upper limb rehabilitation robot that can be applied to various symptoms of 

shoulder disorders. The 3-dimensional shoulder tracking mechanism was implemented to allow the translational movement of 

the shoulder joint. With improvements in surgical techniques and increased knowledge of rotator cuff healing, there was a 

need to identify a safe progression after rotator cuff repair. During rehabilitation after rotator cuff repair, there should be 

constant communication with the surgical team.Awareness of complication management, healing potential of the repaired 

tendon, and anatomies of the shoulder complex are critical. During the early stages, reducing pain and inflammation should be 

prioritized followed by progressive restoration of range of motion. When advancing range of motion, progression from passive,  

active assisted, and active movements allow for gradual introduction of stress to the healing construct. Even though time 

frames are not used for progression, it is important not to place excessive stress on the shoulder for up to 12 weeks to allow for 

proper tendon-to-bone healing. As exercises are progressed, scapular muscle activation is initiated, followed by isometric and 

lastly isotonic rotator cuff exercises. This system uses micro controller and EMG, TILT, ACCELEROMETER sensors in order 

to find the muscle activity along with the position & angle of the hand while they performing movement during rehabilitation 

recovery time. The system can able to give the muscle rehabilitation details time to time using the micro controller. Thus, we 

can predict how soon the patient can recover from the rotator cuff problem and also the current muscle activity details are 

shown using cayenne app using IOT (ESP 8266-12E) NODE MCU and cayenne server. 
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I. INTRODUCTION 
 

The aim of conventional rehabilitation is to recover the 

motor function using therapeutic exercises guided by a 

therapist who moves the patient’s body. The shoulder is 

the most movable joint in your body. It is also one of the 

most potentially unstable joints. As a result, the shoulder is 

the site of many common problems. These include sprains, 

strains, dislocations, separations, tendonitis, bursitis, torn 

rotator cuffs, frozen shoulder, fractures, and arthritis.The 

shoulder joint is made up of bones held in place by 

muscles, tendons, and ligaments. Many shoulder problems 

are caused by the breakdown of soft tissues in the shoulder 
region.Shoulder injuries can happen at any age. Common 

injuries in younger people involve the A/C joint called 

shoulder separations.  

 

These can occur after falls off of bicycles or after sports 

injuries such as being hit in the shoulder. These problems 

usually heal without surgery. Dislocations of the shoulder 

joint usually occur after falls with the arm in a position 

above the head. Dislocations because tearing of the 

shoulder ligaments that may need to be fixed 

surgically.Older individuals usually have problems with 
the rotator cuff muscles. This can be tendonitis or bursitis 

and usually can be treated with exercises and anti-

inflammatory medicines. Rotator cuff muscle tears usually 

occur in people forty years of age or older. These often 

need to be fixed as the torn muscle cannot heal itself. 

Orthopaedic surgeons offer world-class care for a variety 

of shoulder conditions. They use the latest advances in the 

diagnosis, treatment and rehabilitation of shoulder injuries 

which increase mobility, diminish pain, improve function, 
and enhance quality of life. Shoulder kinematics analysis 

is a booming research field due to the emergent need to 

improve diagnosis and rehabilitation procedures. The 

shoulder complex is the human joint characterized by the 

greatest range of motion (ROM) in the different planes of 

space.  

 

II. AIM AND OBJECTIVES 
 

The aim of this project was two-fold: Develop and 

implement a biofeedback procedure within a rotator cuff 

rehabilitation regimen to quantify shoulder rehabilitation 

progression. Design and validate a bio-mechanical 

shoulder rehabilitation device to aid in the transition from 

an in-office to remote physical therapy modality due to the 

altering conditions created by the COVID-19 

pandemic/rural people. To accomplish these aims, we are 

going to develop to formulate an experimental 
rehabilitation procedure. To confirm that the procedure 

could be safely performed, human models were created 

using IOT to monitor the desired procedure. It is a smaller 
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and more portable version of the original design, capable 

of assisting in rotator cuff rehabilitation and confirmed 
that this was the optimal design suited to fulfil the second 

aim of the project. 

 

III. EXISTING SYSTEM 

 
In this existing system, WISN composed of three inertial 

modules were placed on the trunk, upper arm, and forearm 

of human for assessment of shoulder ROM in real time. 

Each inertial module consists of an ARM-based 32-bit 

microcontroller, a triaxial accelerometer, a triaxial 

gyroscope, a triaxial magnetometer, and a controller area 

network (CAN) transceiver.The measured accelerations, 

angular velocities, and magnetic signals generated by the 

human shoulder movements are transmitted to a personal 
computer via a Bluetooth wireless transmission module.  

 

The proposed shoulder ROM estimation algorithm 

includes the procedures of data collection, signal pre-

processing, quaternion-based orientation estimation, and 

shoulder joint compensation. In order to evaluate shoulder 

ROM accurately, accelerations, angular velocities, and 

magnetic signals are integrated into a quaternion based 

complementary nonlinear filter for minimizing the 

cumulative errors caused by the drift of the inertial 

sensors. 

 

IV. PROPOSED SYSTEM 

 
To estimate the accurate shoulder ROM by fusing the 

accelerations, angle movement, and EMG Sensor.The 

shoulder ROM estimation algorithm is composed of the 

following procedures:  

 Data collection 

 Signalpre-processing 

 Shoulder joint movement detection and compensation. 

 

At the beginning of the procedure, the human trunk, upper 

limb, and forearm are considered as the rigid bodies for 

shoulder ROM measurement in the paper. In the data 

collection procedure, the acceleration signals, angular rate 

signals, and electro muscle activity signals collected by the 

WISN are transmitted to mobile app/webpage using IOT 

module. Participants were required to stand in the center 

of laboratory and actively perform five shoulder motions 

including flexion, extension, abduction, external rotation, 
and internal rotation until reaching the end range and then 

to return to the initial point as the positions and 

movements. EMG sensor is placed on the infraspinatus 

muscle supraspinatus and infraspinatus electrodes may be 

used to estimate intramuscular supraspinatus and teres 

minor activations, respectively.  

Infraspinatus muscle is a thick triangular muscle, which 

occupies the chief part of the infraspinatus fossa. As one 

of the four muscles of the rotator cuff, the main function 

of the infraspinatus is to externally rotate the humerus and 

stabilize the shoulder joint. 
 

Finally, the shoulder ROM are corrected by considering 

the compensation angles generated by the angles of the 

human body, which can be measured by the inertial 

module placed on the human trunk and Evaluate Shoulder 

Rehabilitation For Post-Operative Rotator Cuff Repair. 

Excellent intra-tester reliability of the WISN was noted for 

all directions of shoulder motions performed actively and 

passively in this study. It suggested that this WISN could 

be an alternative for shoulder ROM measuring tool. 

 

1. Proposed System Block Diagram: 

 

 

Fig 1. Block diagram of proposed system. 

 

2.EMG Sensor: 

An electromyogram (EMG) measures the electrical 

activity of muscles at rest and during contraction.EMG 

signals are used in many clinical and biomedical 

applications. EMG is used as a diagnostics tool for 

identifying neuromuscular diseases, assessing low-back 

pain, kinesiology, and disorders of motor control. EMG 
signals are also used as a control signal for prosthetic 

devices such as prosthetic hands, arms, and lower 

limbs.This sensor will measure the filtered and rectified 

electrical activity of a muscle, depending the amount of 

activity in the selected muscle. EMG Sensor, also known 

as electromyography sensor is one that measures small 

electrical signals generated by your muscles. This includes 

lifting your arm up, clenching your fist, or even the 

simplest of movements like moving a finger.The data was 

collected with patients currently taking part in physical 

rehabilitation programs where our approach achieves. 
This mechanical change involves depolarization (change 

in electro mechanical gradient), which is then detected by 

EMG for measurement The “S” refers to the surface, 
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where this type of EMG sensor takes measurements by 

placing surface EMG electrodes on your skin.Uses Non-
invasive technology, making this EMG sensor type not 

painful. Commonly applicable in clinics and sports 

health.Limitations: Though is a simple and easy way of 

EMG measurement, it’s restricted to superficial muscles 

and dependent on other variables such as the weight of 

patients, etc.The process begins with EMG sensor 

placement; where it’s placed in the innervation zone of 

both tendons for better detection quality.Electrodes begin 

to detect electrical activity generated by muscle 

movement/contraction.By detecting the electromyogram 

(EMG), measuring muscle activity has traditionally been 

used in medical research, however with shrinking but 
more powerful microcontrollers and integrated circuits 

advent EMG power Road and sensors can be used for 

various control systems.  

 

 

Fig 2.EMG sensor. 
 

To use this sensor, the user must have three electrodes 

connected to the subject’s body.The reference electrode 

should be placed on an inactive section of the body, such 

as the bony portion of the elbow, shin or forearm. This 

electrode should be connected to the black or brown 

cable.The two other electrodes should be placed along the 

muscle selected to be measured. The second electrode 

should be placed along the mid-length of the muscle; this 

electrode should be connected to the red cable.The last 

electrode should be placed at the end of the muscle and 
connected to the blue cable.Finally, connect pin SIG to an 

analogue input pin of your microcontroller and the GND 

pin to the ground pin on your microcontroller. 

 

3. Axis Accelerometer ADXL 335: 

An accelerometer is an electro mechanical device that will 

measure acceleration force. It shows acceleration, only due 

to cause of gravity i.e. g force. It measures acceleration in 

g unit.Wearable sensors are acquiring more and more 

influence in diagnostic and rehabilitation field to assess 

motor abilities of people with neurological or 
musculoskeletal impairments. An accelerometer is a 

device that measures proper acceleration; proper 

acceleration is not the same as coordinate acceleration 

(rate of change of velocity). This is placed in upper arm of 

patient hand Wearable sensors measuring upper limb 

and/or shoulder kinematics have been proposed to be 
applied in patients with different pathological conditions 

such as stroke, multiple sclerosis, osteoarthritis, rotator 

cuff tear electromyography (EMG), inertial measurement 

units (IMU), accelerometers are employed for human 

motion analysis, posture and physiological parameters 

monitoring. Wearable sensor-based systems, intended for 

kinematics data extraction and analyses, are acquiring 

more and more influence in diagnostic applications, 

rehabilitation follow-up, and treatments of neurological 

and musculoskeletal disorders. Such systems comprise 

accelerometers, MU, among others.Patients’ acceptance of 

monitoring systems that should be worn for long-time 
relies on sensors’ features whose must be lightweight, 

unobtrusive and user-friendly.  

 

The increasing trend to adopt such wearable systems has 

been promoted by the innovative technology of micro-

electro-mechanical systems (MEMS). MEMS technology 

has fostered sensors’ miniaturization, paving the way for a 

revolutionary technology suited to a wide range of 

applications, including extraction of clinical-relevant 

kinematics parameters.The ADXL335 is a triple axis 

MEMS accelerometer with extremely low noise and power 
consumption - only 320uA.The sensor has a full sensing 

range of +/-3g.Board comes fully assembled and tested 

with external components installed. The included 0.1uF 

capacitors set the bandwidth of each axis to 50Hz. and on 

board regulator 3.3volts The ADXL335 gives complete 3-

axis acceleration measurement. His module measures 

acceleration within range ±3 g in the x, y and z axis.  

 

 

Fig 3. Accelerometer sensor. 

 

The output signals of this module are Analog voltages that 

are proportional to the acceleration.It contains a 

polysilicon surface-micro machined sensor and signal 
conditioning circuitry. Angle of Rotation (0° to 360°) 

around X, Y, Z axis, which we can also call as, Roll - 

Angle of rotation along the X axis,Pitch - Angle of 

rotation along the Y axis ,Yaw - Angle of rotation along 

the Z axis. 

 

4. Pin Configuration: 

VCC: Power supply pin i.e. connect 5V here. 

X_OUT: X axis Analog output. 

Y_OUT: Y axis Analog output. 
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Z_OUT: Z axis Analog output. 

GND: Ground pin i.e. connect ground here. 
ADXL335 accelerometer provides Analog voltage at the 

output X, Y, Z pins; which is proportional to the 

acceleration in respective directions i.e. X, Y, Z. 

 

5. TILT Sensor: 

Techniques for detecting bodily motions are extensively 

used in health care to monitor and rehabilitate disabled 

patients.Inertial measurement units (IMUs), including 

accelerometers and tilt sensor, have been extensively used 

in technology-assisted rehabilitation, with sufficient 

efficacy.Wearable IMU-based sensors that record the 

angular shoulder motion of a patient and monitored in IOT 
server and cayenne app/webpage.Tilt sensor is used for 

angular measurements of the shoulder.Dual-sensor 

systems were used in the motion sensor device to 

accurately record the shoulder ROM angle.Using the 

sensors on the sternum as a reference datum point, the raw 

data from each sensor can be converted into a quaternion 

algorithm to convert the relative angle changes of the 

sensors on the upper arm and wrist into a 3-dimensional 

(3D) motion of the shoulder structure.  

 

 

Fig 4. Angular measurement of the shoulder with motion 

sensors worn on the body for (A) calibration, (B) shoulder 

abduction, (C) shoulder flexion, (D) shoulder extension, 

(E) shoulder external rotation, (F) shoulder internal 

rotation. 

 

 

Fig 5.TILT sensor. 

This sensor helps in giving information about the 

horizontal and vertical inclination of the airplanes so that 

the patient of the plane can easily understand the process 

of dealing with the obstacles during the rotator cuff. Tilt 

sensors are devices that produce an electrical signal that 

varies with an angular movement. These sensors are used 

to measure slope and tilt within a limited range of 

motion.Sometimes, the tilt sensors are referred to as 
inclinometers because the sensors just generate a signal 

but inclinometers generate both readout and a signal.These 

sensors consist of a rolling ball with a conductive plate 

beneath them. When the sensor gets power, the rolling ball 

falls to the bottom of the sensor to form an electrical 

connection. When the sensor is tilted, the rolling ball 

doesn’t fall to the bottom so that the current cannot flow 

the two end terminals of the sensor. When the device gets 

power and is in its upright position, then the rolling ball 

settle at the bottom of the sensor to form an electrical 

connection between the two end terminals of the sensor. 

The LED gets sufficient current. If the circuit gets tilted so 
that the rolling ball doesn’t settle at the bottom of the 

sensor with the electrical conduction path, then the circuit 

becomes open. This is about the circuit operation.   

 

6. PIC (16F877A) Microcontroller: 

PIC is a family of Harvard architecture microcontrollers 

made by Microchip Technology, derived from the 

PIC1640. Originally developed by General Instrument's 

Microelectronics Division.The name PIC initially referred 

to "Programmable Interface Controller". Microcontroller is 

a general purpose device, which integrates a number of the 
components of a microprocessor system on to single chip.   

 

 
Fig 6. PIC microcontroller. 

 

It has inbuilt CPU, memory and peripherals to make it as a 

mini computer. PIC16F877A consists of 40 pins enclosed 

in 5 ports. Each port holds 8 pins which are bidirectional 

input/output pins. It has 40 Pins.IT has 5 Ports in total. 

(PortA, PortB, PortC, PortD and PortE). It supports Serial 

Communication for which it has 2 Pins TX and RX. You 

can receive data from RX and can transmit data from TX. 
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It also supports SPI Protocol. We have to place a crystal 

oscillator ranging from 4MHz to 40MHz. We have to 
design its basic circuit first in order to use it. Moreover, 

we will also need some programmer or burner to upload 

hex file. 

 

7. LCD Display  

LCD is used mainly for displaying the needed information 

about the project. Information like temperature and flame 

level can be displayed through LCD Emergency fire alert 

also will be displayed through LCD will be connected with 

the digital pins (RC0, RC1, RC2, RC3 ) of the controller 

as 4 bit mode or 8 bit mode In addition we also need to 

connect RS, EN ,RW pins of the LCD with controller. It is 
supplied with 5 volt dc and ground. This word comes from 

the liquidcrystal and 16X2 represents its screen size. In the 

Liquidcrystal display 16×2, there are 2 rows and 16 

columns. These devices are thinner as well and power 

consumption isextremely less. The LCD 16x2 working 

principle is, it blocks the light rather than dissipates. 

 

 

Fig 7. LCD display. 

 

An LCD (Liquid Crystal Display) screen is an electronic 

display module and has a wide range of applications. A 

16x2 LCD display is very basic module and is very 

commonly used in various devices and circuits. A 16x2 

LCD means it can display 16 characters per line and there 
are 2 such lines. In this LCD each character is displayed in 

5x7 pixel matrix.  

 

The 16 x 2 intelligent alphanumeric dot matrix displays is 

capable of displaying 224 different characters and 

symbols. This LCD has two registers, namely, Command 

and Data.Command register stores various commands 

given to the display. Data register stores data to be 

displayed. The process of controlling the display involves 

putting the data that form the image of what you want to 

display into the data registers, then putting instructions in 

the instruction register.This LCD has two registers, 
namely, Command and Data.Command register stores 

various commands given to the display. Data register 

stores data to be displayed.  The process of controlling the 

display involves putting the data that form the image of 

what you want to display into the data registers, then 

putting instructions in the instruction register. 

 

 

 

8.IOT Module: 

Node MCU is an open source IoT platform.Its operating 
voltage is 5v dc supply.It includes firmware which runs on 

the ESP8266 Wi-Fi SoC from Espressif Systems, and 

hardware which is based on the ESP-12 module.The term 

"Node MCU" by default refers to the firmware rather than 

the dev kits. The firmware uses the Lua scripting 

language.It is based on the eLua project, and built on the 

Espressif Non-OS SDK for ESP8266.In our Project IOT is 

used to monitor fractured person shoulder rehabilitation 

from far distance or from anywhere.  

 

We can muscle activity, rotator cuff hand acceleration and 

tilt angle by using IOT module from remote places 
likewise programmed for the NODE MCU which consists 

of inbuild Wi-Fi Shield, and transmitted to the Cayenne 

Server which works on the MQTT protocol.Wi-Fi 

controller board NodeMCU has a 32-bit Tensilica Xtensa 

LX106 core clocked at 8 MHz’s It is a self-contained Wi-

Fi networking solution that acts as a bridge between 

existing microcontrollers to Wi-Fi and is capable of 

running self-contained applications.NodeMCU can easily 

connect to components, such as sensors and actuators, 

through its integrated built-in 20 kb of RAM, 10 GPIOs, 4 

megabytes of on-board storage, and TCP/IP. A built-in 
USB connector links to the computer using a USB cable to 

upload the codes, which is similar to other development 

boards available in the market, such as Arduino and 

Raspberry Pi.  

 

Compared with Arduino UNO, Node MCU has many 

other good features, such as low cost, simplicity, 

smartness, a built-in power regulator, and a powerful 

processor. MQTT is a lightweight, publish-subscribe 

network protocol that transports messages between 

devices. The protocol usually runs over TCP/IP, however, 

any network protocol that provides ordered, lossless, bi-
directional connections can support MQTT.According to 

measurements in 3G networks, throughput of MQTT is 93 

times faster than HTTP's. Besides, in comparison to 

HTTP, MQTT Protocol ensures high delivery guarantees. 

HTTP is the most popular and widely used protocol. But 

over the last years MQTT rapidly gain tractions. 

Developers have to choose between them when we are 

talking about IoT development. 

 

9. Sketch IDE – IOT Module Programming Software 

Arduino IDE is an application that is used to write codes 
and uploads them to the Node MCU board. In this project, 

Arduino IDE is used for coding, debugging, and testing 

the functionalities of the IoT smart Home Automation 

system and its components. Arduino IDE has other 

features, such as a debugging area in case of abnormal 

conditions to support various Arduino boards, additional 

libraries, and a serial monitor for communicating with the 

board. Arduino libraries are usually expressed as dot CPP 
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files based on software abstraction called wiring. Wiring 

allows the easy control of hardware ports through simple 
functions without consulting data sheets and being delayed 

in pin mapping. Arduino uses the bits of C and C++, but 

the general flow and structure of the code are heavily 

based around C.  

 

V. RESULTSAND CONCLUSIONS 
 

In this paper, a WISN and its associated shoulder ROM 

estimation algorithm have been presented for real-time 

shoulder ROM assessment. The shoulder movements are 

measured from the inertial modules placed on the human 

trunk, upper arm, and forearm via CAN bus and wireless 

communications. The ROM estimation algorithm consists 

of data collection, signal pre-processing, quaternion-based 
orientation estimation, and shoulder joint compensation. 

Shoulder rotator cuff fracture is a frequent problem in 

adults of all ages. A large proportion of shoulder pains is 

caused by rotator cuff tendinopathy, a chronic 

degenerative disease affecting rotator cuff tendons in the 

shoulder.  

 

Patients with rotator cuff tendinopathy generally 

experience pain when performing activities of daily living.  

Shoulder pain is often accompanied by stiffness and 

weakness that can degenerate into declining shoulder 
function, diminished work capabilities, and overall 

decreased quality of life. The primary objective of this 

study was to validate wearable -based EMG, 

accelerometer and tilt sensor measures and VAS of 

shoulder activity during daily living in comparison to 

other known measures for patients with rotator cuff 

tendinopathy.Digital biofeedback support systems using 

IMUs can assist during shoulder rehabilitation by 

providing information on recovery performance. For this, 

accurate segmentation of movement repetitions is 

essential.In this paper, a WISN and its associated shoulder 

ROM estimation algorithm have been presented for real-
time shoulder ROM assessment.  

 

The shoulder movements are measured from the inertial 

modules placed on the human trunk, upper arm, and 

forearm via CAN bus and wireless communications. The 

ROM estimation algorithm consists of data collection, 

signal preprocessing, quaternion-based orientation 

estimation, and shoulder joint compensation. To obtain 

more accurate shoulder ROM, we utilized the quaternion-

based nonlinear complementary filter to reduce the 

orientation errors and the shoulder joint compensation 
method to minimize the effects of the shoulder 

compensatory actions. The concurrent validity of the 

WISN in all directions of shoulder movements appears to 

be excellent. Additionally, the intratester reliability is 

found to be excellent for all directions of shoulder 

motions. The effectiveness of the WISN with shoulder 

ROM estimation algorithm has been successfully validated 

by the experiments.  

We believe that the WISN and its shoulder ROM 

estimation algorithm can be a novel and effective 
contribution to shoulder ROM measurement in clinical 

medicine. The system could accurately segment exercise 

repetitions using a wearable sensor located at the shoulder 

and arm for most of the selected movement. Future work 

will focus on developing an exercise classification model 

and accompanying biofeedback mobile application. 
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