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Abstract. The Smart Scale: An loT-Enabled Weighing Solution is an innovative
project designed to automate weight measurement, data logging, and remote moni-
toring through the integration of the Internet of Things (IoT). This system utilizes a
load cell sensor to measure the weight of objects and a microcontroller to process
and transmit the data to a Google Spreadsheet for real-time storage and analysis. The
project offers a user-friendly interface with a simple push-button control and dis-
plays the weight data on an LCD screen for immediate viewing. Traditional weigh-
ing methods often involve manual data entry, which can lead to errors, inefficiencies,
and challenges in accessing historical data. This loT-enabled smart scale system ad-
dresses these issues by providing accurate and automated weight measurement,
along with the ability to monitor and analyze data remotely. The integration with
cloud-based tools, such as Google Sheets, ensures that data can be accessed and an-
alyzed from anywhere, offering flexibility and convenience for users. This project
prioritizes simplicity, portability, and real-time functionality, making it an ideal so-
lution for small-scale producers, such as in tea production or honey harvesting,
where precise weight measurement is critical.

Keywords: Smart Scale, 1oT Weighting System, Real-Time Monitoring, Cloud Data Storage, Lo-
cal Server

1 Introduction

The Internet of Things (10T) has transformed many industries by enabling smarter, auto-
mated, and more efficient solutions. One significant innovation is the Smart Scale: An
loT-Enabled Weighing Solution, which modernizes traditional weighing methods by in-
troducing automation, remote monitoring, and real-time data analysis. This system pro-
vides an accurate and efficient alternative to manual weighing, which is often slow, labor-
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intensive, and prone to human error. By leveraging 10T technology, the Smart Scale re-
duces inaccuracies and streamlines the weighing process, improving productivity and re-
liability in various operational environments [1] [2]. This project utilizes a load cell sen-
sor, a device that converts weight into an electrical signal, paired with the HX711 ampli-
fier module to precisely measure the weight of objects. The data is collected and processed
by a microcontroller such as the ESP8266 or ESP32, which plays a central role in handling
sensor inputs, performing necessary calibrations, and managing data transmission. The
system offers flexibility by sending weight data to either a cloud-based platform like
Google Sheets or a local server environment running XAMPP (Apache, MySQL, PHP).
This dual option supports both internet-enabled and offline scenarios, ensuring continuous
data logging and accessibility. Additionally, a local LCD screen displays real-time weight
readings, providing users with immediate feedback, while remote web interfaces enable
monitoring, historical data analysis, and reporting through intuitive dashboards and alerts
[3] [4] [5].

Accurate and timely weight measurement is critical in industries such as tea production,
honey harvesting, agriculture, food processing, pharmaceutical manufacturing, and other
small to medium-scale enterprises. These sectors often rely on manual weighing processes
that are time-consuming and susceptible to mistakes, lacking systematic data storage for
performance analysis and traceability. The Smart Scale addresses these pain points by
integrating loT-enabled automation with affordable and readily available hardware
components. This integration not only improves accuracy and efficiency but also supports
data-driven decision-making by maintaining comprehensive historical records accessible
from anywhere at any time, enhancing transparency and operational control [6].

The Smart Scale system is designed with portability and ease of use in mind. Its com-
pact hardware footprint and low power consumption make it suitable for deployment in
diverse environments, including remote or outdoor locations where traditional weighing
infrastructure is impractical. The system’s modular architecture allows for easy customi-
zation and scalability, enabling users to adapt it to various weighing requirements and
integrate additional sensors or communication modules as needed. The primary goal of
this project is to develop a portable, user-friendly, and cost-effective 10T weighing system
that enhances operational efficiency. By automating data collection and storage, the sys-
tem reduces human intervention, minimizes errors, and provides businesses with easy ac-
cess to real-time and historical weight data. This capability empowers small-scale indus-
tries to optimize resource management, improve quality control, and scale their operations
with reliable technological support.

While several existing solutions demonstrate 1oT-based weighing scales, this project
differentiates itself through several key innovations. Firstly, it offers a hybrid data logging
architecture, enabling seamless transmission to both cloud platforms (Google Sheets) and
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local servers (XAMPP), ensuring operational resilience in environments with intermittent
internet connectivity. Secondly, the system is designed as a fully portable, self-powered
unit, integrating a battery management system, which is often omitted in comparable de-
signs. Finally, this work provides a complete end-to-end solution from hardware sensor
interfacing and calibration to a sophisticated web-based dashboard for data visualization
and management, offering a level of practicality and user accessibility that extends beyond
the scope of typical prototype demonstrations.

2 Methodology

The methodology for this project involves a systematic approach to designing, implement-
ing, and testing an loT-enabled weighing system. The development of the Smart Scale
follows the steps of requirement analysis, design, component selection, and integration,
followed by system implementation and testing. The methodology encompasses both
hardware and software aspects, where the hardware includes a load cell, HX711 amplifier
module, ESP32 microcontroller, and cloud storage for data, while the software is focused
on controlling the system, collecting data, and visualizing it in real-time. The loT-enabled
weighing system operates by measuring the weight of items through the load cell, which
transduces weight into an electrical signal.

This signal is amplified by the HX711 module, and the resulting data is then processed
by the ESP32 microcontroller. The microcontroller sends the data to a cloud platform for
real-time monitoring and analysis. Additionally, an LCD screen is used to display real-
time weight readings, providing a direct interface for users to interact with the system. The
system is designed to be user-friendly and cost-effective, ensuring that it can be easily
deployed in various small-scale industrial settings.

2.1 System Design

The system is designed to perform real-time weight measurement using a load cell con-
nected to an HX711 amplifier module, which in turn is connected to an ESP32 microcon-
troller. The ESP32 processes the analog data, converts it into readable weight units, and
displays the value on an LCD. Once stabilized, the data is sent via Wi-Fi to a Google Sheet
for cloud storage. The control flow begins with powering on the device, initializing mod-
ules, calibrating the sensor if required, continuously reading the weight, checking for sta-
bility, and finally displaying and transmitting the value. Push buttons allow user interac-
tion for reset or calibration (Fig. 1).
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Fig. 1. System Design Flow Chart

2.2 Materials and Components

The Smart Scale project integrates several key hardware and software components to build
a functional loT-based weighing system. Below is a list of hardware components and soft-
ware tools shown in Tables 1 and Table 2.

Hardware Components

Table 1. Components with Specification

Component Function/Purpose

Processes sensor data, handles Wi-Fi communication, and

ESP32 Micracontroller sends data to the server/cloud.

Load Cell with Structure (200 kg) Measures object weight and converts it into analog signals.

Amplifies and converts analog load cell signals to digital for

HX711 Amplifier Module - .
microcontroller input.
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TP4056 Charging Module Manages safe charging of the lithium-ion battery.

20x4 LCD Display Displays weight values and system messages in real time.

12C Interface Board Simplifies LCD communication with ESP32 via 12C protocol.
Lithium-ion Battery Supplies portable power to the system.

Push buttons (stainless steel) Used for user input: Send & Tare (Reset).

Converts lower battery voltage to a stable 5V required for

Power Boost Voltage Converter ESP32 and peripherals,

Jumper Wires (Set) Connects all components in the circuit.
Mini Rocker Switch Turns the system on or off manually.
Enclosure/Packaging Box Protects components and ensures safe, neat installation.

Software Tools
Table 2. Tools with Specifications

Software Component Function/Purpose
Arduino IDE Used to write, compile, and upload code to the ESP32 microcontroller.
PHP (on XAMPP) Processes incoming weight data and stores it in the MySQL database.

MySQL (on XAMPP) Stores real-time and historical weight data for retrieval and analysis.

phpMyAdmin Provides a web interface to manage the MySQL database.

2.3 Circuit Assembly

The load cell is connected to the HX711 amplifier module, which amplifies the signal from
the load cell and converts it into a digital output. Then, the HX711 is connected to the
ESP32 microcontroller via the appropriate pins (SCK and DT for data transfer). The
ESP32 microcontroller is connected to the HX711, LCD, push button, and TP4056 charg-
ing module. The TP4056 charging module is used to charge a lithium-ion battery, which
powers the ESP32 and other components, allowing for portability. The 12C pins (SDA,
SCL) are connected between the ESP32 and the LCD module. The push button is wired to
an input pin of the ESP32. Fig. 2 shows the complete circuit.
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Fig. 2. Circuit Diagram

2.4  Software Development

The ESP32 was programmed to initialize the sensor, calibrate it using known weights, and
convert the digital readings into human-readable weight measurements. The microcontrol-
ler connected to a Wi-Fi network and periodically transmitted weight data to a web server
via HTTP requests. The firmware was written using the Arduino IDE and involved the use
of libraries for sensor communication and HTTP client handling. The data transmitted
included the weight value, and on the server side, the date and time of each reading were
also recorded.

Software Implementation Details
To ensure reproducibility, the key aspects of the software implementation are detailed be-
low. The firmware was developed using the Arduino IDE (v2.3.2) and relied on the fol-
lowing libraries: HX711 ADC (v2.0.1) for sensor communication, LiquidCrystal_12C
(v1.1.4) for the LCD, and the built-in WiFi and HTTPClient libraries for connectivity.
The scale must be calibrated against known weights; this process calculates a calibra-
tion factor which is stored in non-volatile memory. The main loop continuously reads the
load cell value, converts the raw sensor data to grams using the stored factor, and displays
it on the LCD. The conversion formula is:

weight_grams = (raw_value - offset) / calibration_factor; // Pseudo-code
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When the user presses the 'Send' button, the firmware checks if the reading is stable. If
stable, it constructs an HTTP POST request to the server. The request sends the weight
value as a query parameter:

POST /post-data.php?weight=5076.72 HTTP/1.1

On the server side, a PHP script (post-data.php) receives this request. It validates the input,
sanitizes the data to prevent SQL injection, generates a timestamp, and inserts the record
into the MySQL database using a simple SQL query:

INSERT INTO scale_data (weight, date, time) VALUES (5076.72, '2025-06-13',
'14:30:05")

2.5  Local Server Configuration Using XAMPP

Server Environment Setup

XAMPP software was used to configure the local server environment. It provided an
Apache web server to host PHP scripts and a MySQL server to manage the database. Both
modules were launched and controlled through the XAMPP control panel shown in Fig.
3.

B XAMPP Control Panel v33.0 [ Compiled: Apr 6th 2021 ]

XAMPP Control Panel v3.3.0 ot
sovics Module PID(s) Port(s) Actions mtess
&  Apache 5872 43,8080  Stop Admin Config Logs M shel

4 MysSaQL 6608 3306 Stop Admin Config Logs Explorer

v 4 FileZilla Start Admir Config Logs F: Services
Mercury Start A Config Logs © Help
4 _ Tigt'a';”‘\ i Config Logs i qut

M [main] Control Panel Version: 3.3.0 [ Compiled: Apr 6th 2021 ]
[main] Running with Administrator rights - good!
' [main] XAMPP Installation Directory: "c:\xampp\"

56 PM [main] Checking for prerequisites
M [main] All prerequisites found
M [main] Initializing Modules

M [Apache] Problem detected!
9 PM [Apache] Port 80 in use by “Unable to open process” with PID 4!
9 PM [Apache] Apache WILL NOT start without the configured ports free!
M [Apache] You need to uninstall/disable/reconfigure the blocking application
M [Apache] or reconfigure Apache and the Control Panel to listen on a different port
PM [Anachel XAMPP Anache Senice is alreadv rinnina an nort 443

Fig. 3. XAMPP Control Panel with Apache and MySQL Services Running
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Database Creation and Table Structure
A MySQL database named smartscalel was created using phpMyAdmin. Within it, a table
named "scale data" was designed to store the following fields shown in fig. 4:

e ID: Auto-increment primary key

e Weight: Float value representing measured weight

e Date: Date of the reading

e Time: Time of the reading

php
Sfle a8

Recent Favorites

I Browse 34 Stuctws | [ S A& Search F lasert | & Expot (B Impot a1 Privikeges & Operstivas | ® Tracking 35 Triggers

() Profling [ Editinfine ) [ Edit] | Explain SQL ][ Create PHP code ][ Refresh ]

1% > 5> | () Showsl | Namberofrows: 25 v|  Fillreows: | Search s tab Sortbykey: | None v
b New
- eap32_weighing =
+= intormation_schoma
F 0 mysal P, 2N v i weight dae time
4~ performance_schema SEG $iCopy @Delels 1 03 20250522 2006:10
%~ phpmyadmin (] 4 Edh BiCopy @Delele 2 144 20250522 221152
e O JEd e Deiele 3 062 20250522 22121
Edh i Copy @ Delete 052 2025.05- 0
} 3 New S Edt §iCopy @
15 et JEd §iCopy @Delele 4 195 20250522 221256
- umarn # Edl i Copy @ Delets 154 20250522 224018

5

6 154 20250522 224108
@ Delcte 7 19 2025.05.22 224201
@Delele 8 113 20250522 230209
@Doole 9 098 0250522 230249
@Deota 10 211 2250522 230409

#- smanscalei Copy @ Delele

e Copy

©@Delcts 1 247 20250522 232232
@Deete 12 062 20250622 232333
@Deete 13 051 20250522 232434
@Deete 19 247 20250522 333N
@Deete 15 235 0250522 233403
©Delels 16 092 20250523 002345
©Delete 17 4543 20250523 002436
4754 20250523 003158

o Edit_§i Copy (@ Delete

Fig. 4. Database Table Structure in phpMyAdmin

PHP-Based Data Handling

] File Edit Selection View - « P smartscale 8- cDBEeoO -
EXPLORER e dashboard php = loginphp = manual_add php o roceivephp X rocaivel1] php
“ SMARTSCALE 0 receive.php
® dashboard php 1 <php

® loginphp $conn = new mysqli("localhost”, “"root”, ", "smartscalel");

= logojng

3
- 4 if ($_SERVER["REQUEST_METHOD"] === "POST") {
LooutenD s if (isset($_POST["weight"])) {
™ manual_add.php 3 $weight = fleatval($_POST["weight"]);
7
8

# receive.php

B % ¥ o

pL:} $stmt = $conn->prepare(“INSERT INTO scale_data (weight, date, time) VALUES (2, 2, 2)"):
1 $stmt->bind_paran("dss”, Sweight, Sdate, Stime);|

13 if ($stme->execute())

14 echo json_encode(["status" => "success", "message” => "Data saved successfully."]);
15 } else {

16 echo json_encode(["status” => "error®, “message” => "Failed to save data."]);

}
18 } else {
13 echo json_encode(["status” => "
20 }
21 }else {
22 echo json_encode(["status” => "error”, "message" => "Invalid request method."]);

“message” => "Weight value missing

2 b

Fig. 5. PHP Script for Data Insertion
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A PHP script shown in Fig. 5 was developed to receive HTTP POST requests sent by the
ESP32. This script parsed the received weight data, generated a timestamp using the server
clock, and inserted the data into the MySQL table.

3 Testing and Calibration

Testing and calibration are essential phases to ensure the proper functioning, reliability,
and accuracy of the Smart Scale system. These processes help identify issues, validate
system performance, and determine how well the project meets its objectives.

3.1 Initial Testing

After the hardware and software are integrated, the system is tested to ensure that the com-
ponents work together seamlessly. During testing, the system is checked for weight accu-
racy, LCD functionality, button press response, and cloud connectivity.

3.2  Calibration of Load Cell

Calibration was performed using a set of known weights shown in Fig. 6 to determine the
sensor's response factor. The calibration factor was adjusted by comparing sensor readings
with actual weight values until high accuracy was achieved.

Testing included:
e Taring the scale to zero before use.
e  Measuring sample weights from 100 g to 5 kg.
o Verifying the consistency of results over time.

@ uanT SCALE

i

b

Fig. 6. Calibration Procedure with Known Weights
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3.3  Connect to local Wi-Fi.

The microcontroller (such as ESP8266 or NodeMCU) is configured to connect to a local
Wi-Fi network using a predefined SSID and password shown in Fig. 7. Upon successful
connection, the system retrieves the current date and time from an online time server (via
NTP) and displays it on the LCD screen along with the connection status. This ensures
proper time-stamped data logging before sending weight data to the cloud.

WiFiManager
Smart-Scale (® SmartScale Login

Configure WiFi Username

admin
Info
Password

Exit

Update

Fig. 7. Wi-Fi manager with login interface

3.4 Results

The final prototype was tested in a real-world scenario. The prototype device is shown in
Fig. 8. The system was powered continuously and validated over several hours to ensure
performance. The local database captured the weight values accurately and in real-time,
with successful transmission of data from sensor to server.

The measurements from the two scales (Fig. 8: real-world scale; Fig. 9: smart scale)
show a slight discrepancy. The real-world scale recorded a weight of 5070g, while the
smart scale displayed 5076.72g, resulting in a +6.72g error (0.13% deviation). This minor
difference is likely due to calibration drift, environmental factors, or variations in place-
ment on the smart scale. Given the real-world scale’s declared tolerance of average +4.9

g.
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The Google spreadsheet documents shown in Fig. 11 record the weight measurements
captured by the weighing system in real time. The sheet consists of three columns which
are Date, Time, and Weight (in grams), which together provide a clear, timestamped rec-
ord of all weighing performed by the load cell and HX711 sensor.

Fig. 8. Final Smart Scale Product Fig. 9. 5 kg Rice bag measurement using scale
§ SmartScale Dashboard 2 admin
I Total Entries @ Today's Entries
12 6
& Scale Data [ Add Manual Data.
Search:
D v | weight (kg) Date | Time

Fig. 10. 5kg Rice bag measurement using Smart Scale

This data is valuable for a range of purposes, including keeping a permanent backup of
measurements, analyzing trends or fluctuations in weight over time and generating reports
or charts for further insight. Furthermore, because the data is stored on Google Sheets, it
can be accessed remotely from any location with an internet connection, allowing for con-
venient and flexible monitoring of the weighing process and this approach efficiently in-
tegrates real-time data collection with permanent storage and analysis, making it a useful
tool for small-scale industrial applications and inventory control.
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Untitled spreadsheet r &
File Edit View Insert Format Data Tools Extensions Hi
= B o & 5 100% - $ %% -0 123 Defaul.
[=Sr - B
A B <
1 Date Time weight(g)
2 2025-05-10 21:38:09 500
3 2025-05-10 21:40:49 250
4 2026-05-10 21:65:24 348.56
s 2026-06-10 22:04:03 1090.06
s 2025-05-10 22:21:03 748.36
7 2025-05-10 22:22:00 563.26
s 2025-05-10 22:39:37 275
B 2025-05-10 22:40:10 400
10 2025-05-10 22:42:15 150
1 2026-06-10 22:43:57 750.26
1z 2025-05-10 23:31:05 2500.53
13 2025-05-10 23:32:31 5560.9
14 2025-05-10 23:40:08 400
15 2026-06-10 23:40:50 550
1e 2025-05-10 23:51:33 275.5
17 2024-05-10 12:34:56 690.08
18 2025-05-11 0:05:26 70.92
19 2026-05-10 14:23:00 52.3
+ = Sheetl ~
Fig. 11. Google Sheet Update Data

§§ SmartScale Dashboard 2uirin [

& Scale Data

o v | Weight ()
“sn

00057

1 Total Entries 8 Today's Entries
31 0

Fig. 12. Web Interface Dashboard

The “Smart Scale Dashboard”, a web-based interface designed for the weighing system.
The dashboard shown in Fig. 10 and Fig. 12 provides a clear and comprehensive view of
all the weight measurements collected by the system. At the top, it shows total entries
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representing all the recordings made so far. It also highlights “Today’s Entries”, indicating
new recordings for the day. The main table below lists all the recorded weights alongside
their 1Ds, dates, and times of measurement. Each row corresponds to a weighing event,
and the table makes it easy to search, filter, and view historical data. The interface also
includes convenient options to export the data to Excel, PDF, or CSV, and an “Add Manual
Data” button to manually insert a record if needed and this dashboard plays a key role in
the project by offering a centralized platform to monitor, manage, and analyze weighing
data in real time, making it a valuable tool for small-scale industrial applications and in-

ventory control.
Table 3. Summary Table

Item Reference Weight | Smart Scale Weight (g) Absolute Error (g)
(9)
Sugar 5029 506.23g +4.23g
Salt 1010g 1014.63g +4.63g
Flour 30069 3010.29g +4.29g
Rice 5070g 5076.729 +6.729
A Stone 8279 832.54g +5.54g
Average +4.94 g

The performance of the Smart Scale was quantitatively evaluated against a set of reference
weights. As summarized in Table 3, the system demonstrated a high degree of accuracy.
The mean absolute error (MAE) across all test items was +4.94 grams.

3.5  Comparative Analysis
Table 4. Features and Cost Comparison
Feature Proposed Smart Scale Commercial Digital Scale
Total Cost Rs.7,790 Rs. 19,541
Cloud Connectivity Yes (Google Sheets) No
Locale Server Logging Yes (XAMPP) No
Web Dashboard Yes (Custom PHP/MySQL) No
Portability(Battery Power) | Yes Yes
User Interface LCD + Web Dashboard LCD

User Calibration

Yes

Often restricted

Declared Accuracy

<1%

Often <0.1%

The proposed Smart Scale system delivers a unique value proposition, strategically bal-
ancing cost, functionality, and accessibility. As illustrated in Table 4, the system occupies
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a distinct niche by offering a combination of local and cloud data flexibility, user repaira-
bility, and portability at a fraction of the cost of commercial digital scales. This makes it
an ideal and practical solution for small-scale, budget-conscious applications, such as ag-
ricultural co-operatives, artisanal production, and inventory management.

4 Discussion

The Smart Scale project successfully addressed the primary problems outlined at the out-
set, such as the lack of automation in weight measurement, limited portability of traditional
scales and the absence of digital recordkeeping. The addition of 10T functionality proved
to be a transformative element, enhancing the system's capabilities by enabling remote
access, real-time data monitoring, and cloud-based storage. These upgrades offered sev-
eral advantages over traditional, manual scales. Notably, the ability to track weights digi-
tally eliminates the need for paper-based logs and offers users the convenience of access-
ing historical data at any time. The integration of cloud technologies enables seamless
remote monitoring, which can improve operational efficiency. The system performed well
during field tests, demonstrating its potential for scalability and adaptability across various
industries, from agriculture to small manufacturing sectors. Although the system remains
in its early stages, the results suggest that it holds great promise for widespread adoption,
particularly in industries where accurate weight tracking is essential.

5 Conclusions

The Smart Scale project achieved its objectives by successfully developing a compact,
reliable, and user-friendly weighing system with integrated 10T capabilities. By combining
hardware and software components, the system was able to provide real-time weight track-
ing, digital logging, and cloud-based data storage. The system demonstrated its practical
applicability, especially in industries like agriculture, tea and honey production, and small-
scale manufacturing, where accurate and portable weighing solutions are essential. The
project also contributes to the advancement of digital transformation in these industries by
introducing loT-enabled devices that improve operational efficiency and data manage-
ment. While the system is still in its early stages, it represents a significant step toward the
development of more intelligent, automated, and accessible weighing solutions.
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