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ABSTRACT 

Industrial settings often suffer from operational lags owing to the unforeseen depletion of cylinders and manual 

tracking of their inventory. In this paper, an IoT-based zero-intervention monitoring technique that uses a strain-

gauge load cell, HX711 amplifier, and ESP32 microcontroller to measure the cylinder weight is proposed. The 

measured weight values are then displayed on a P10 LED (Light Emitting Diode) display and sent via a TCP 

(Transmission Control Protocol) socket to a Python Flask server. The rate of gas consumption and remaining 

backup time are calculated by using a linear regression algorithm, and users are notified via SMTP (Simple Mail 

Transfer Protocol) alerts before depletion of cylinders. The effectiveness of the proposed scheme was verified 

through experimentations done with calibrated weights. 
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1. INTRODUCTION 

The gas cylinders used in industries are usually checked manually or through pressure gauges, which 

cause delayed refill decisions and unanticipated stockouts. The latest IoT solutions have mainly 

concentrated on gas leakages and safety purposes, while the other aspect of continuous consumption 

monitoring and inventory prediction is less explored. Current GSM-based systems notify only the basic 

aspects and lack centralized monitoring and predictive capabilities. In addition, cloud-based approaches 

create delay and reliability issues for the industry. The new system uses ESP32 based edge nodes and 

Python Flask dashboard that use TCP sockets to monitor the weights continuously and estimate the 

backup and refill needs without using cloud services [1-3]. 

2. MATERIALS AND METHODS 

The designed architecture comprises a sensing layer and analytics layer as shown in Figure 1. For 

cylinder weigh measurement, the strain-gauge load cell, along with the 24-bit ADC HX711 module, 

provides accurate measurements. The ESP32 microcontroller collects the sensor data and shows the 

measured weigh on a P10 LED matrix; at the same time, it sends telemetry to a TCP server once every 

five seconds. Python Flask framework serves as a backend that collects telemetry, saves historical data 

in the CSV file format, and shows the performance of the system in an interactive dashboard. For 

predicting gas usage speed and estimated remaining backup time, a linear regression model is used; 

meanwhile, SMTP-based notifications are sent if the predicted backup time becomes lower than the 

given threshold [4-8]
                       

 
  
Figure 1. Circuit schematic detailing the connections between the ESP32 microcontroller, the HX711 amplifier, 

the load cell, the P10 display & the power supply circuit 
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 3. RESULTS & DISCUSSION 

The developed system prototype (Figure 2) was calibrated using standard masses to create a linear 

correlation between ADC readings and actual mass while minimizing sensor drift. Simulations of 

depletion were done by progressively taking out calibrated masses to test the sensing, communication, 

and predictions pipeline. The ESP32 chip succeeded in sending weight information every five seconds, 

while the Flask server managed to display live telemetry and calculated the remaining backup hours. 

The interface allows viewing current level of gas, weight of cylinder, predictions about backup hours, 

depletion rate, and communication status. Data history (Figure 2) is being saved automatically for 

usage analysis purposes, while dynamic graphs allow visualizing the depletion trend. Successful 

testing was done for both manual refill requests and SMTP notifications, proving its reliability when 

predicted backup time reached the critical value. Thus, the architecture enables predictive inventory 

management without continuous manual control [9-10].   

     
Figure 2. The experimental hardware prototype     Figure 3. Flask-Based Real-Time Monitoring Dashboard 

4. CONCLUSION 

A zero-intervention IoT-based monitoring system for industrial gas cylinders has been designed and 

experimentally verified. The combination of a load cell, HX711 amplification circuit, ESP32 

microcontroller, TCP sockets, and Python Flask-based dashboard allows for precise real-time 

monitoring and analytics. Experiments showed precise weight measurement, uninterrupted 

communication, proper estimation of backup time, and sending automatic emails. The proposed 

system minimizes manual involvement, facilitates inventory planning, and can be scaled to manage an 

industrial gas supply chain. 
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