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Abstract- The Public Distribution System (PDS) in India, one
of the world's largest government-managed food security
frameworks, is tasked with delivering essential food
commodities to economically weaker sections of the
population. Despite its critical role, the legacy infrastructure
of PDS remains susceptible to operational inefficiencies,
manual discrepancies, and widespread malpractice. To
address these long-standing systemic flaws, this study
proposes a next-generation, integrated hardware-software
solution that amalgamates biometric verification, electronic
weighing, automated billing, and centralized reporting into a
unified Point of Sale (POS) terminal tailored for ration shop
environments.

At the heart of the system is a high-precision,
digitally interfaced weighing module built using a calibrated
load cell connected through an analog-to-digital converter
(ADC) to a microcontroller-based processing unit. This setup
eliminates the subjective error introduced by manual weighing
and ensures accurate quantity dispensation. The device is
seamlessly linked with a biometric authentication module,
compliant with the aadhaar framework, which performs real-
time user identity verification using fingerprint or iris
recognition. Authentication data is securely transmitted
through encrypted channels using AES-256 encryption,
ensuring both privacy and integrity during verification.

Once the beneficiary’s identity is confirmed, the
system dynamically retrieves entitlement information from a
government-hosted database and initiates the automated
billing process. Transaction values are computed based on
current commodity prices, subsidy allocations, and the
measured weight, after which a digital receipt is generated
and optionally printed. All transactional data, including
biometric logs, weight metrics, timestamps, and location
identifiers, are stored in a secure local buffer and periodically
synchronized with a central cloud repository using RESTful
APIs, ensuring seamless integration with national PDS
monitoring infrastructure.

In areas with limited internet connectivity, the system
is designed to operate in offline mode, employing local
storage with deferred synchronization, thereby maintaining
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service continuity without compromising data integrity. The
architecture is modular and adheres to service-oriented
design principles, allowing easy firmware updates, component
replacement, and horizontal  scaling.  Furthermore,
administrative dashboards allow for real-time monitoring,
analytics-based fraud detection, and performance auditing
across ration shops at the state and district levels.

This integrated approach significantly reduces
leakages, prevents the misuse of ration cards, and ensures that
only authenticated beneficiaries receive entitlements, thus
aligning with the broader objectives of digital governance,
transparency, and public accountability. By embedding
automation at every critical junction of the ration distribution
workflow, the proposed solution redefines the technological
baseline for future-ready welfare delivery systems in
developing economies.

Keywords- Electronic Public Distribution, Biometric POS
Terminal, Digital Weighing Scale, aadhaar-Based
Verification, Encrypted Data Synchronization, Offline Data
Caching, Fraud-Resistant Subsidy System, Load Cell
Integration, Secure Ration Delivery, e-Governance in Food
Security

I. INTRODUCTION

The Public Distribution System (PDS) forms a
fundamental component of social welfare architecture in many
developing countries, particularly India, where it ensures the
timely and subsidized delivery of essential goods to
economically vulnerable populations. Fair Price Shops (FPS),
the distribution units within this network, have historically
relied on manual, paper-based processes, creating significant
barriers to  operational efficiency, accuracy, and
accountability. The absence of real-time validation and
reliance on mechanical weighing, handwritten logs, and visual
identity checks contribute to inconsistent record-keeping,
supply leakage, and fraudulent distribution practices.

To address these systemic challenges, this paper
presents a fully integrated Point of Sale (POS) and Intelligent
Weighing Solution tailored for modernizing the ration

www.ijsart.com



I1JSART - Volume 11 Issue 5 — MAY 2025

distribution process. The system merges a microcontroller-
driven digital weighing mechanism with a programmable POS
interface that supports secure biometric identification,
automatic stock logging, and real-time transaction processing.
The digital scale utilizes a load cell sensor interfaced via a
high-resolution analog-to-digital converter (ADC), allowing
for real-time capture of weight data with high precision. This
weight data is directly routed to the transaction engine,
eliminating any need for manual input and significantly
reducing the risk of fraud or error.

A defining feature of this system is its Aadhaar-based
biometric verification module, which ensures that only
legitimate beneficiaries are served. The authentication process
is facilitated through secure biometric hardware (fingerprint or
iris scanners) that interface with national identification APIs.
Upon verification, the system dynamically queries
entitlements and updates inventory based on the authenticated
recipient’s quota. The user interface on the POS terminal is
designed for local language support and minimal training,
allowing smooth adoption by shop operators.

Unlike traditional setups that require periodic manual
uploads, this system operates on a hybrid communication
model. It uses edge storage and asynchronous synchronization,
allowing it to function even in rural areas with intermittent
network availability. Once connectivity is restored, the system
uploads queued transaction records to a centralized
government cloud infrastructure using encrypted RESTful API
protocols, maintaining end-to-end data consistency. All
records are timestamped, geo-tagged, and secured using SHA-
256 hashing algorithms to prevent post-facto tampering.

From a governance perspective, the solution enables
centralized command and monitoring via a secure dashboard
that aggregates FPS performance metrics, identifies anomalies
such as quota overdraw, and flags authentication mismatches
in real time. Administrators can remotely audit inventory
levels, validate the integrity of transaction logs, and initiate
corrective actions, thereby creating a closed-loop system that
discourages corruption and enhances public confidence.

The proposed framework is modular, energy-
efficient, and scalable. It is built using open hardware and
software standards, allowing for customization based on
regional policy, commodity types, and user load. Optional
extensions such as QR-code receipts, NFC-based smart ration
cards, and GPS-enabled delivery tracking can be added
without disrupting the base system. This adaptability ensures
long-term  sustainability and relevance across different
geographic and socio-economic contexts.
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In essence, the integration of intelligent weighing and
POS technologies within FPS environments offers a paradigm
shift from fragmented, manual operations to digitally
orchestrated, transparent distribution. It not only boosts
transaction accuracy and inventory integrity but also supports
the broader vision of data-driven governance and inclusive
service delivery in public welfare systems.

Keywords: Smart Public Distribution, POS Automation,
Biometric Rationing, Embedded Weighing Systems, Digital
Inventory Control, Aadhaar Authentication, Tamper-Proof
Transactions, Hybrid Connectivity, Data-Driven Governance,
Fair Price Shop Modernization

Il. RELATED WORK

The integration of Point of Sale (POS) systems with
digital weighing mechanisms has gained increasing attention
across various industrial domains, particularly in sectors that
require high transactional accuracy and inventory traceability.
While the adoption of such integrated systems is well-
established in modern retail environments, their application
within the framework of the Public Distribution System (PDS)
remains relatively nascent yet highly impactful. Given the
scale and complexity of ration distribution in countries like
India, technological intervention has become critical for
addressing systemic inefficiencies related to manual processes,
record inaccuracies, and fraud.

POS systems, traditionally deployed in commercial
retail, are designed to facilitate end-to-end transaction
processing, including real-time billing, stock management, and
digital receipt generation. In conventional retail environments
such as supermarkets and hypermarkets, POS terminals are
often integrated with barcode scanners, inventory databases,
and customer billing interfaces, allowing for seamless
transactional workflows and automated ledger maintenance.
The convergence of these technologies has demonstrated
significant improvements in operational efficiency, data
integrity, and customer service, forming a strong precedent for
adaptation in public service infrastructures.

The transition of these capabilities into the PDS
ecosystem has been explored through various pilot
implementations and research initiatives. For instance, the
Government of India initiated POS deployments in fair price
shops across several states under the aegis of the End-to-End
Computerization of TPDS Operations scheme. These systems
are configured to authenticate beneficiaries through Aadhaar-
linked biometric verification and to digitally capture each
transaction, thereby eliminating the need for paper-based
ration cards and manual billing. Early evaluations of these
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projects highlighted measurable benefits, including reduction
in bogus ration card usage, increased transaction speed, and
improved accountability through centralized digital audit
trails.

A critical augmentation to POS in the PDS context is
the integration of electronic weighing scales, which ensures
quantitative precision during the distribution of subsidized
food commodities such as rice, wheat, and sugar.
Conventional practices often rely on analog weighing
instruments followed by manual data entry, a process that is
inherently prone to manipulation and input errors. The
introduction of microcontroller-based digital weighing
machines that interface directly with POS terminals via serial
or USB communication protocols (e.g., RS-232 or HID USB)
has significantly enhanced transactional reliability. When
configured correctly, these devices automatically transmit
weight readings to the POS system, which then calculates the
monetary value based on fixed unit prices and predefined
entitlement rules.

Various studies have confirmed that such integrations

substantially — minimize  clerical intervention,  while
simultaneously improving the granularity of inventory
tracking. In agricultural marketplaces and wholesale

distribution hubs, where bulk commodities are priced by
weight, the deployment of digital weighing-POS hybrids has
streamlined operations by eliminating discrepancies between
measured and recorded quantities. The use of load cells with
precision amplifiers and onboard microcontrollers enables
high-resolution measurement, often accurate to +0.01 kg,
which is crucial in ration environments where allocation
margins are tightly regulated.

In the public sector domain, further technological
innovations have been piloted under the umbrella of e-PDS or
Smart Ration Card initiatives. These include the integration of
RFID-enabled smart cards, embedded fingerprint modules,
and backend servers capable of processing beneficiary
requests in real time. In some regions, systems have been
extended to include GSM or GPRS modules for real-time
synchronization with centralized PDS databases, even in low-
connectivity rural zones. Such systems not only allow
biometric verification and commodity dispensation in offline
mode but also ensure that queued transactions are
synchronized with government servers once connectivity is
restored. Additionally, the deployment of hash-based
transaction logging mechanisms and OTP-verified receipts
enhances both data immutability and consumer trust.

A notable feature in modern implementations is the
transactional audit trail created through real-time logging of
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biometric authentication, weight captured, commodity issued,
timestamp, and dealer credentials—all of which are securely
stored in encrypted form. This facilitates compliance with
transparency mandates and provides a robust foundation for
analytics-driven decision-making by authorities. Machine
learning algorithms have even been proposed in some studies
to detect anomalies such as sudden spikes in ration off-take or
repeated authentication failures, which could indicate fraud
attempts or system misuse.

Overall, while the retail sector has long realized the
benefits of POS and weighing system integration, its strategic
application within the PDS framework marks a pivotal
advancement in the digitization of welfare delivery. The
combination of automated measurement, biometric identity
verification, real-time data synchronization, and centralized
monitoring offers a multi-layered solution to the persistent
issues of leakage, duplication, and inefficiency in ration
distribution. Future systems may further evolve to integrate
10T sensors, Al-based fraud analytics, and blockchain-backed
data integrity frameworks to achieve fully transparent and
tamper-proof public distribution infrastructures.

Keywords: Point of Sale Integration, Digital Weighing
Systems, Public Distribution System, Biometric
Authentication, Real-Time Inventory Management, Smart
Ration Cards, e-PDS, Load Cell Automation, Transaction
Logging, Food Security Infrastructure

I1l. PROPOSED SYSTEM

The proposed system introduces a fully automated,
identity-verified ration distribution framework that eliminates
manual operations and mitigates fraudulent activity in Fair
Price Shops (FPS) under the Public Distribution System
(PDS). This architecture integrates Radio Frequency
Identification (RFID)and biometric fingerprint authentication
with an embedded microcontroller-based control unit, thereby
ensuring a secure and efficient commodity delivery
mechanism. Each registered household is issued a unique
RFID-enabled smart ration cardembedded withuser-specific
credentials, including family ID and entitlement data, while
biometric templates (fingerprints) of authorized family
members are stored securely in a centralized database linked
to the system.

The interaction sequence begins when a beneficiary
initiates a transaction at the ration shop. The individual can
either present their RFID-based smart card or undergo
biometric scanning using an optical fingerprint module. The
RFID reader (typically operating at 13.56 MHz for HF
systems) reads the tag and transmits the unique identifier to
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the microcontroller, which is
orchestration.

Simultaneously, biometric authentication is handled via a
fingerprint scanner interfaced through UART or USB to the
same control unit. Both identifiers are validated against a
locally cached or cloud-synchronized database. If the
credentials match the registered data, the system authenticates
the user and proceeds to the next step in the transaction.

responsible for system

Upon successful authentication, the microcontroller
(e.9., ARM Cortex-M series or ATmega328P) triggers an
LCD displaymodule, which presents the authenticated user's
name, family ID, and entitlement status. The ration item is
placed on a high-sensitivity load cell sensor integrated with an
HX711 analog-to-digital converter, which captures real-time
weight data. This data is immediately processed and displayed
on the LCD. Only after the system confirms that the exact
quota has been dispensed will it allow the transaction to .

The microcontroller then updates the backend
database with the transaction details, including user 1D,
timestamp, item issued, and weight dispensed. To enhance
transparency, aGSM module (e.g., SIM800L or SIM900A)
sends an SMS alert to the registered mobile number of the
head of the household, confirming the quantity withdrawn and
the remaining balance, if applicable. This acts as a receipt and
a security feature, preventing unauthorized use of ration
entitlements.

The system is also equipped with logic to detect
duplicate withdrawal attempts. If a user attempts to reclaim
commodities within the same cycle or if an unauthorized
individual tries to impersonate a legitimate beneficiary, the
microcontroller flags the attempt, halts the transaction, and
displays a warning on the LCD panel such as "Duplicate
Transaction Detected"” or "Unauthorized Access Attempt”.

This behavior is controlled through stateful session
tracking and entitlement status flags maintained in local
EEPROM or cloud-synced storage.

In the case of authentication failure, the system locks
the interface for a configurable timeout period and logs the
incident for future audits. Additionally, system logs can be
uploaded periodically to a centralized PDS server for
government inspection and analytics-based fraud detection.
This architecture not only ensures multi-layered identity
verification but also introduces real-time auditability, user
accountability, and transactional transparency, aligning with
the objectives of e-Governance in public welfare distribution.

ARDUINO UNO
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The Arduino Uno serves as a foundational embedded
microcontroller platform, powered by the ATmega328P 8-bit
RISC microcontroller, designed to deliver real-time processing
capabilities with an optimal balance between computational
energy efficiency,

power, and hardware accessibility.

Operating at a system clock frequency of 16 MHz,
the ATmega328P utilizes a Harvard architecture with separate
program and data memories, enabling concurrent instruction
fetch and data operations that enhance throughput and
deterministic execution—critical for embedded control
applications such as secure ration distribution systems.

Featuring 32 KB of on-chip flash memory for
program storage, 2 KB of SRAM for volatile data operations,
and 1 KB of EEPROM for persistent non-volatile storage, the
microcontroller provides ample resources for implementing
complex authentication algorithms, sensor interfacing
routines, and communication protocols in constrained
environments. The 23 programmable 1/O pins include 14
digital 1/0 pins configurable as inputs or outputs with
hardware interrupts, and 6 analog inputs connected to a 10-bit
successive approximation ADC, essential for precise sensor
data acquisition such as load cell weight measurement.
Communication interfaces supported on the Arduino Uno
include a Universal Asynchronous Receiver/Transmitter
(UART) for serial communication, a Serial Peripheral
Interface (SPI) bus, and an Inter-Integrated Circuit (12C) bus,
enabling versatile multi-peripheral connectivity. These
protocols facilitate seamless integration with RFID readers,
fingerprint sensor modules, GSM/GPRS communication units,
and LCD displays.

The onboard USB-to-serial converter (ATmegal6U2
or equivalent) supports efficient firmware uploading and real-
time debugging through the Arduino IDE, streamlining
development cycles and deployment.From a system
architecture perspective, the Arduino Uno’s low-latency GP1O
control combined with hardware timers enables precise event
scheduling and pulse-width modulation, indispensable for
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interfacing with timing-critical components such as biometric
scanners and load cell amplifiers (e.g., HX711).

The embedded watchdog timer and power-saving
sleep modes contribute to robust operation in energy-sensitive
deployments, enhancing reliability in rural or resource-limited
ration shop environments.Moreover, the open-source nature of
the Arduino ecosystem provides a rich repository of well-
documented hardware abstraction libraries, enabling rapid
prototyping and modular system expansion.

This modularity is crucial for evolving public
distribution systems, where incremental upgrades—such as the
addition of fingerprint recognition or SMS notification
modules—can be integrated without comprehensive system
redesign.

KEY PAD

A matrix keypad is an electromechanical human
interface device engineered to enable efficient and scalable
input operations in embedded systems. Typically configured
in an mxn matrix (e.g., 4x4 or 3x4), it comprises a grid of
momentary-contact push-button switches connected at the
intersections of orthogonal row and column lines. This
arrangement minimizes the required number of 1/O pins by
enabling a multiplexed scanning approach, wherein
microcontroller firmware sequentially drives row lines with a
known logic level while concurrently reading column lines to
detect the closure state of individual switches.

Soft And Sensitive Keys

Durable to use

The detection logic often integrates debounce
filtering algorithms to mitigate contact bounce phenomena and
employs finite state machines for event-driven key handling.
In advanced implementations, interrupt-based scanning or 1/O
expanders interfaced via serial protocols (e.g., I12C or SPI) are
used to reduce latency and free up system resources. In the
context of precision digital weighing instrumentation, matrix
keypads provide the primary tactile interface for user
interaction, supporting functions such as dynamic zeroing
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(tare), entry of calibration constants, selection of measurement
units, and initiation of system-level commands.

The electrical interface of the keypad is designed to
operate within logic-level thresholds defined by the host
controller, and its layout can be customized for application-
specific semantics. Additionally, modern systems may
incorporate capacitive touch overlays or integrate visual
feedback via LEDs beneath each key, enhancing both
functionality and usability.

The robust, low-profile, and cost-effective nature of
matrix keypads makes them a fundamental component in
embedded systems requiring deterministic user input,
particularly in resource-constrained or industrial-grade
environments.

LCD

A Liquid Crystal Display (LCD) is a non-emissive,
electro-optical display technology that utilizes the anisotropic
light-modulating characteristics of nematic liquid crystal
materials confined between two polarizing filters and
transparent conductive electrodes, typically fabricated from
indium tin oxide (ITO).

The operation of an LCD is governed by the
controlled reorientation of liquid crystal molecules in response
to an applied electric field, which modulates the polarization
state of incident light and, consequently, the intensity of light
transmitted through the display. Since LCDs do not generate
light inherently, a uniformbacklight system, often comprising
white Light Emitting Diodes (LEDs), is employed to
illuminate the display from behind. Each pixel in the display is
controlled by individually addressable electrode segments,
with active matrix configurations using Thin-Film Transistors
(TFTs) to enable faster switching speeds, higher resolution,
and improved contrast ratios.

The integration ofIn-Plane Switching (IPS)and
Vertical Alignment (VA) technologies further enhances
viewing angle stability and color reproduction. In embedded
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system applications, LCD modules are commonly interfaced
with microcontrollers through serial (12C, SPI) or parallel
communication protocols and frequently incorporate dedicated
controller ICs (e.g., HD44780, ST7036) to manage character
rendering and timing sequences. LCDs are preferred in
precision instrumentation, such as digital weighing systems
and industrial control panels, due to their low power
consumption, electromagnetic compatibility, high reliability
under wide thermal operating conditions, and clear visibility in
both indoor and outdoor environments.

Their inherent stability and mature manufacturing
ecosystem make them a foundational display technology in
both consumer electronics and mission-critical embedded
platforms.

FINGERPRINT SENSOR

LOAD CELL

IV. METHODOLOGY

The proposed integrated POS weighing machine
system is designed to enhance transparency, accuracy, and
efficiency in the operations of ration shops under the Public
Distribution System (PDS). The methodology involves the
seamless integration of a digital weighing scale with a Point-
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of-Sale (POS) terminal, enabling real-time weight capture,
beneficiary authentication, and automated transaction logging.

The system is architected with three core
components: the digital weighing machine, the POS terminal
(which may be an embedded device or an Android-based
system), and a centralized cloud-based backend. The digital
weighing scale, compliant with standard communication
protocols such as RS-232 or USB HID, is connected to the
POS terminal. The POS device features a touchscreen
interface, biometric fingerprint scanner or smart card reader
for Aadhaar or ration card-based beneficiary identification,
and custom software to manage transactions and stock. When
a customer initiates a transaction, they authenticate using their
Aadhaar number or ration card.

The system verifies their identity and fetches their
entitlements from the database. The ration dealer then places
the commodity on the weighing scale, and the POS system
automatically captures the weight, eliminating manual input
errors. The software compares the weight with the customer’s
quota and only allows transactions within the permissible
limit. Upon confirmation, the transaction is recorded, the local
inventory is updated, and a digital or printed receipt is issued.
All transaction details are stored locally and periodically
synchronized with a centralized server to maintain
transparency and provide real-time analytics to governing
authorities. The system also features error handling
mechanisms to detect discrepancies in weight or data entry
and generate alerts.

To ensure robustness, the system undergoes extensive
testing in controlled environments, followed by pilot
deployments in selected ration shops. Performance metrics
such as weighing accuracy, transaction speed, error rates, and
user satisfaction are evaluated to wvalidate the system’s
reliability and effectiveness.

V. RESULTS

The proposed integrated Point-of-Sale (POS)
weighing system is designed to optimize the operational
efficiency, accuracy, and transparency of ration distribution in
Public Distribution System (PDS) outlets. This system
integrates a digital weighing scale with a POS terminal to
enable real-time commodity measurement, beneficiary
authentication, and automated transaction logging.

The architecture comprises three core components: a
digitally interfaced weighing scale, a POS terminal
(implemented as either an embedded microcontroller-based
unit or an Android-based device), and a centralized cloud-
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connected backend. The weighing scale, which adheres to
communication protocols such as RS-232, USB HID, or
Bluetooth, interfaces directly with the POS terminal to
transmit accurate weight readings without manual
intervention.

The POS terminal features a touchscreen interface, an
Aadhaar-enabled biometric fingerprint scanner or smart card
reader, and customized software for entitlement management,
inventory tracking, and transaction control. During a typical
transaction, the beneficiary authenticates using their Aadhaar
number or ration card, after which the system verifies their
identity through a secure cloud-based API and retrieves their
entitlement data.

The dealer then places the commaodity on the scale,
and the POS system automatically captures the weight,
compares it against the user’s remaining quota, and permits
the transaction only if it complies with the allocated limits. All
transaction data—including user ID, item details, dispensed
quantity, and timestamp—are securely logged and
synchronized with the cloud in real time. This automation
reduces manual errors, prevents over-dispensing, enhances
accountability, and supports government efforts in digital
governance and targeted subsidy delivery through Direct
Benefit Transfer (DBT).

The system’s modular and scalable design ensures
compatibility with existing infrastructure and supports future
enhancements such as inventory forecasting and integration
with mobile platforms.

VII. CONCLUSION

The proposed integrated POS weighing machine
system is designed to enhance transparency, accuracy, and
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efficiency in the operations of ration shops under the Public
Distribution System (PDS). The methodology involves the
seamless integration of a digital weighing scale with a Point-
of-Sale (POS) terminal, enabling real-time weight capture,
beneficiary authentication, and automated transaction logging.

The system is architected with three core
components: the digital weighing machine, the POS terminal
(which may be an embedded device or an Android-based
system), and a centralized cloud-based backend.

The digital weighing scale, compliant with standard
communication protocols such as RS-232 or USB HID, is
connected to the POS terminal.

The POS device features a touchscreen interface,
biometric fingerprint scanner or smart card reader for Aadhaar
or ration card-based beneficiary identification, and custom
software to manage transactions and stock. When a customer
initiates a transaction, they authenticate using their Aadhaar
number or ration card.

The system verifies their identity and fetches their
entitlements from the database. The ration dealer then places
the commodity on the weighing scale, and the POS system
automatically captures the weight, eliminating manual input
errors.

The software compares the weight with the
customer’s quota and only allows transactions within the
permissible limit. Upon confirmation, the transaction is
recorded, the local inventory is updated, and a digital or
printed receipt is issued.

All transaction details are stored locally and
periodically synchronized with a centralized server to maintain
transparency and provide real-time analytics to governing
authorities. The system also features error handling
mechanisms to detect discrepancies in weight or data entry
and generate alerts. To ensure robustness, the system
undergoes extensive testing in controlled environments,
followed by pilot deployments in selected ration shops.
Performance metrics such as weighing accuracy, transaction
speed, error rates, and user satisfaction are evaluated to
validate the system’s reliability and effectiveness.
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