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Article Info Abstract

Received: 11 July 2025 Muscle recovery is an essential process in the treatment of patient with
Accepted: 14 August 2025 muscle injuries, especially the biceps muscle. However, current
Available online: 30 October 2025 monitoring methods are still not very accurate or reable in tracking

patient progress during rehab sessions, this make it hard to know if the
treatment is working and can lower the patient's motivation.

Keywords Additionally, patient who live far away often have trouble going to
Muscle recovery, biceps muscle, rehab session regularly. This can cause low attendance and slower
rehabilitation , Blynk IoT platform, recovery. This project aims to create a wireless EMG monitoring system
EMG sensor to track biceps muscle activity in real time more effectively. The main

system uses an ESP32, EMG sensor and OLED display and the Blynk IoT
platform for monitoring. The result show that the system can accurately
record biceps muscle activity with peak EMG readings reaching 4095 bit
and 100% signal detection accuracy.

1. Introduction

As a medical technology continues to grow and improve, monitoring muscle activity in real time has become
very important for physical therapy and recovery. Electromyography (sEMG) has merged as a highly effective
non-invasive technique for assessing skeletal muscle function, particularly in detecting muscle fatigue and
identifying muscle activation patterns during motion [1]. In biceps muscle rehabilitation, (SEMG) monitoring can
detect early sign of fatigue and compensatory movement patterns that may occur due to primary muscle
weakness. During biceps curl exercises, fatigue in the biceps can lead to increased activation of the shoulder
muscle as a form of compensation, which compromises the effectiveness of the rehabilitation process and
increases the risk of secondary injuries [2].

Other than that, despite its clinical utility, most traditional (SEMG) system still rely on wired connection,
which limit the user’s natural range of motion and are unsuitable for continuous monitoring outside clinical
setting. To overcome these limitations, wireless (EMG) system have been develop, enabling flexible and mobile
muscle monitoring. A designed wireless (EMG) system communication to detect muscle fatigue during exercise
[3]- In additionally, a wireless solution that combine modern technologies with wearable sensor, such as EMG
sensor can enable development of an all-in-one remote patient monitoring system. This system allows doctors to
monitor muscle activity and recovery remotely, without the need for patient to visit clinic. By integrating
telemedicine, wireless communication, and wearable monitoring devices, an EMG based wireless monitoring
system can be designed to support real-time rehabilitation tracking. this project to aim as to apply these
innovations to improves access and enhance the quality of rehabilitation monitoring, especially for patient
receiving care at home. The goal is to make rehabilitation more efficient, accessible and consistent by support
both patent and healthcare provider through real-time remote data monitoring.

2. Methodology
This is an open access article under the CC BY-NC-SA 4.0 license.
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2.1 Overview

Fig. 1 shows a block diagram of a Wireless EMG monitoring system designed to help with biceps muscle
recovery. This system is built to monitor muscle activity in real time and give useful feedback through different
output components. The main part of the system is the ESP32 NodeMCU microcontroller, which acts as the brain
of the devices [4]. It processes the data and handle wireless communication. Surface electrodes are placed on
the biceps muscle to detect the electrical signals that are naturally produced when the muscle contracts.
These signals are then sent to the EMG sensor module (SEN-13027), which filter, stabilizes, and amplifies the
signals so they are strong and clean enough to be processed [5]. After receiving the signal, the ESP32 processed
the data to the Blynk mobile apps using Wi-fi. This allows users or physiotherapist to monitor the muscle
performance remotely and manage the recovery sessions more easily. A push button is included to manually
start the measurement process. For quick and clear feedback, the system also uses LED indicator that light up at
different muscle activity levels such as 25%, 50%, 75% and 100%. So, users can instantly see how strong the
muscle is working. The OLED display show real-time EMG values, system status, and even a live graph of the
muscle signal. This helps both user and therapists understand how the muscle is reacting during each session. In
short, this block diagram shows how the hardware and software work together in one compact system. It offers
real-time monitoring, easy to understand feedback, and wireless access and making it a practical and helpful tool
for muscle rehabilitation.
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Fig. 1 Block diagram of the project

2.2 Flowchart of the Wireless EMG Monitoring System for Biceps Muscle Recovery

This flowchart in Fig. 2 shows the working process of the wireless EMG Monitoring System, which is designed
specifically for muscle rehabilitation. The system begins by initializing all important hardware components,
including the ESP32 microcontroller, OLED display, LED indicators, Wi-fi connection, and the Blynk application.
This step ensures that the system is fully ready before it starts monitoring. After initialization, the system tries to
connect to the Blynk platform through Wi-fi. If the connection fails, it will automatically retry until the
connection is successful. Once connected, the system turns on an LED to let the user know that the device is
active and ready to use. Next, the system continuously reads the EMG signals from the biceps muscle using
surface electrodes. These signals are processed in real time by the ESP32 microcontroller. The OLED display is
update with the live values of muscle activity, and the LED indicators light up based on the strength of the
muscle performance. The OLED screen also shows a real-time graph of the EMG signal, making it easier to
understand how the muscle behaves over time. To make the system more user-friendly, a reset button function
is included. When a reset command is received (either from a push button or through the Blynk app), the system
clears the OLED display, reset the highest EMG value, and clear the graph. This prepares the OLED display, reset
the highest EMG value, and clears the graph. This prepares the device for a new session. Whether for the same
patient or a different one. In conclusion, the flowchart outlines a smart and responsive system that not only
supports accurate and real time EMG monitoring but also provides useful visual feedback. Its wireless and reset
features make it efficient and practical for muscle rehabilitation therapy.
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Fig. 2 Flowchart of the Wireless EMG Monitoring System for Biceps Muscle Recovery

2.3 Circuit Diagram Connection

The circuit diagram connection in Fig 3 shows the complete circuit for the Wireless EMG monitoring for biceps
muscle recovery. The system uses important components such as the ESP32 microcontroller, EMG sensor, OLED
display, LED indicator, push button, switch, and the three 9V batteries for power. The EMG sensor is connected
to the ESP32 to detect muscle signals. These signals are processed by the ESP32 and then sent to the Blynk apps
for real-time monitoring. The OLED display shows the muscle signal in real time. It is connected using 12C pins.
LEDs light up at different level 25%, 50%, 75%, and 100% to show the strength of the muscle activity. A blue
LED turns when the Wi-fi connection is successful. A push button is used to start the signal reading manually,
and a switch controls the power. All components work together to give accurate reading and easy monitoring for
muscle rehab.
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Fig. 3 Circuit diagram for the project prototype

3. Result and Discussion

This section explains about the project outcomes and discussion the prototype model’s, testing result. All aspect
of the electronic and mechanical component is considered.

3.1 Prototype Design

The prototype of Fig. 4 had been successfully produced. This prototype shows a complete design of a
wireless EMG monitoring system intended for biceps muscle recovery. The design was created using
SolidWorks software and includes key component arranged neatly ina portable enclosure. At the front, an
OLED screen displays real-time EMG signal and percentage of muscle contraction. Below the screen, several LED
indicators light up to show muscle strength level at 25%, 50%, 75% and 100%. The EMG used in EMG sensor V3
SEN-13027, which is connected to the biceps muscle using surface electrode (red, green, yellow) to
detect bioelectrical activity. This setup allows the system to give clear and immediate feedback during muscle
exercises. The prototype is lightweight and user-friendly, making it suitable for use at home or in physiotherapy
clinic. Overall, this system offers an effective and practical solution for monitoring muscle recovery,
especially for people who need remote or regular rehabilitation support.
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Fig. 4 Project prototype
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3.2 Integration of Hardware and Software Design

Fig. 5 show the Blynk interfaces this system integrates both hardware and software component to enable real-
time monitoring of muscle activity through the Blynk IoT platform. As shown in Fig. 5 the Blynk
interfaces is designed to be easy used and provides live EMG signal data in both graphical and numerical
formats. The live EMG value panel shows the current signal being detected from the biceps muscle, while the
“highest EMG value” box records the peak signal during a session. A reset switch is also included to allow users
to clear previous peak values before starting a new session. This interface makes easier for user and
physiotherapist to track muscle performance during rehab. With automatic data logging and wireless
accessibility through smartphone, the system supports remote monitoring, making rehab more flexible and
accessible. This type of integration not only improves the efficiency of the system but also promotes continuous
engagement in recovery activities from any location.
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Fig. 5 Blynk interface

Fig. 6 shows the workflow and system functionally of the Wireless EMG Monitoring System for Biceps
Muscle Recovery. In Fig. 6(a) the device is powered on and connected to the Blynk IoT platform, as shown on
the OLED screen. Once connected, the LED indicators are activated in Fig. 6(b), is preparing the user for the EMG
signal reading session. As shown in Fig. 6(c), surface electrodes are then properly placed on biceps such as the
red electrode -V+ placed on the middle of the biceps muscle, aligned along the muscle fiber, the green electrode -
V- placed on the red electrode, slightly only desired muscle signal and cancel out noise and lastly, yellow
electrode -Ground placed on a bony or electrically neutral area, such as elbow bone or wrist area (not on the
muscle) to detect muscle activity during contraction. The OLED display show the real-time EMG signal value and
the percentage of muscle contraction, while LED lights respond according to the signal intensity, as in Fig.
6(d). lastly, Fig. 6(e) shows the Blynk interface. The reset button allows users to clear previous data before
starting a new measurement.
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Fig. 6 (a) Device connection confirmation via OLED display, (b) LED indicator initializing EMG session, (c) Surface
electrode placement on biceps muscle, (d) OLED display show EMG contraction percentage, (e)Blynk interface
display live and peak EMG data

4. Conclusion

In conclusion, the wireless EMG monitoring system for Biceps Muscle Recovery has demonstrated promising
performance and reliability in early testing across six individuals from different physical backgrounds. The EMG
values recorded showed consistency and accuracy. The system’s integration of surface electrode, allows for real-
time muscle activity monitoring and visual feedback, enhancing its usability in rehabilitation. The ability to view
live and peak EMG value through the Blynk interface, along with the reset functionally, ensure user, friendly
operation session tracking. Lastly this project successfully combines practical functionally and real-time data
accessibility, making it a valuable tool for remote and home-based muscle rehabilitation. With further
development, this prototype has the potential to support physiotherapy and patient in monitoring progress and
improving recovery outcomes. .
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