
FACTORY AUTOMATION USING RFID,
BARCODE, AND QR CODE

Factory automation is increasingly reliant on smart identification technologies
to achieve greater efficiency, accuracy, and real-time visibility. RFID, barcodes,
and QR codes each play a distinct role, often working in combination, to
automate processes across the manufacturing floor.

1. BARCODE IN FACTORY AUTOMATION

Barcodes are fundamental to factory automation, especially for basic
identification and tracking of individual items or batches. Their simplicity and
cost-effectiveness make them a prevalent choice.

HOW IT'S USED:

Work-in-Progress (WIP) Tracking: Barcodes are affixed to components,
sub-assemblies, or trolleys moving through production lines. Scanning
at various stages records progress, identifies bottlenecks, and ensures
correct routing.
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Inventory Management: Raw materials, finished goods, and spare parts
in warehouses or on the shop floor are barcoded for accurate inbound/
outbound logging, stock level monitoring, and preventing stockouts.
Quality Control: Barcodes on products can link to quality inspection
records. If a defect is found, the barcode helps trace the product's
journey and identify the source of the issue.
Tool and Equipment Tracking: Tools in a manufacturing plant can be
barcoded for check-in/check-out, ensuring accountability and facilitating
maintenance scheduling.
Assembly Verification: In complex assembly, scanning barcodes on
parts before installation can verify they are the correct components,
preventing errors.

ADVANTAGES IN FACTORY AUTOMATION:

Low Cost: Very inexpensive to generate and print.
Ease of Implementation: Simple to integrate with existing systems.
High Accuracy (for individual scans): Reduces manual data entry errors.
Versatile: Can be printed on a wide range of materials and surfaces.

LIMITATIONS:

Line-of-Sight: Requires a direct visual path for scanning.
One-by-One Scanning: Typically, only one barcode can be scanned at a
time, making bulk inventory slow.
Durability: Labels can be damaged by grease, dirt, heat, or abrasion in
harsh factory environments.

CASE STUDY EXAMPLE:

Automotive Manufacturer: An Indian automotive giant uses barcode-
supported systems for various manufacturing processes. They implement
barcode machine vision solutions for 100% traceability and zero-error vehicle
inspection during production, enhancing quality control and ensuring every
component is correctly installed. This helps in real-time production tracking
and compliance.

2. QR CODE IN FACTORY AUTOMATION

QR codes offer greater data capacity and smartphone compatibility, providing
more flexibility than traditional barcodes for linking to dynamic information.
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HOW IT'S USED:

Equipment Maintenance & Servicing: QR codes on machinery can be
scanned by maintenance technicians using smartphones. This links
them directly to maintenance history, manuals, troubleshooting guides,
and allows them to log repairs and schedule future services, reducing
downtime.
Work Instructions & Training: QR codes on workstations or machines
can link to digital work instructions, training videos, or safety protocols,
ensuring employees have immediate access to necessary information.
Quality Assurance & Compliance: QR codes on products or batches can
link to detailed production data, quality checks, and compliance
documentation. This is crucial for industries with strict regulatory
requirements (e.g., pharmaceuticals, food processing).
Supply Chain & Logistics Coordination: QR codes on incoming raw
materials or outgoing finished goods allow for easy tracking of
shipments, verification of received parts, and coordination with
suppliers, preventing bottlenecks.
Digital Product Passports (DPPs): Emerging in industries like fashion
and electronics, QR codes can serve as a gateway to a DPP, providing
consumers and manufacturers with comprehensive information about a
product's origin, materials, sustainability credentials, and end-of-life
options.

ADVANTAGES IN FACTORY AUTOMATION:

Higher Data Capacity: Can store more information, including URLs,
leading to richer data access.
Smartphone Scannable: Widely accessible, reducing the need for
specialized scanning hardware for some applications.
Error Correction: Can be scanned even if partially damaged.
Dynamic Information Access: Links to cloud-based systems for real-time
data retrieval and updates.

LIMITATIONS:

Line-of-Sight: Still requires direct visibility.
Manual Scanning: Similar to barcodes, individual scanning can be time-
consuming for large volumes.
Internet Dependency: Often relies on network connectivity to access
linked information.
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CASE STUDY EXAMPLE:

Bosch Rexroth AG (Service Optimization): A leader in automation and control
technologies, Bosch Rexroth uses QR codes within their service department.
They collect data during the product's use phase by scanning QR codes,
enhancing service operations and informing product development.

DENSO WAVE (Originators): The QR code technology was originally developed
by DENSO WAVE (a Toyota Group subsidiary) in 1994 specifically to improve
efficiency in their automotive manufacturing processes, primarily for tracking
vehicle parts.

3. RFID IN FACTORY AUTOMATION

RFID offers the highest level of automation and visibility, making it
increasingly popular for complex manufacturing environments, especially in
the context of Industry 4.0.

HOW IT'S USED:

Real-time Asset Tracking & Location (RTLS): RFID tags on tools, jigs,
fixtures, Automated Guided Vehicles (AGVs), and even work-in-progress
items allow manufacturers to know their exact location and status on
the factory floor in real-time. This prevents loss, optimizes utilization,
and streamlines workflows.
Automated Inventory Management: Fixed RFID readers at dock doors,
production line entry/exit points, or even embedded in shelving can
automatically track incoming raw materials, components moving
through production, and outgoing finished goods. This provides highly
accurate inventory counts without manual scanning, reducing stockouts
and overstocking.
Production Process Control: RFID tags embedded in products or their
carriers can store data about the product's specifications, desired
routing, or previous process steps. Machines can read this information
and automatically execute the next step, ensuring correct processing
and customization. For example, an RFID-tagged car chassis can dictate
which robotic arm performs which action based on its specific model.
E-Kanban Systems: RFID can automate Kanban systems for material
replenishment. When an assembly line shelf (equipped with an RFID
reader) detects a low stock of components (through their RFID tags), it
automatically triggers a replenishment order.
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Tool & Equipment Management: High-value tools can be RFID tagged
for automated check-in/check-out, ensuring only authorized personnel
use specific tools and tracking calibration or maintenance needs.
Quality Control & Traceability: RFID tags can record every step of a
product's manufacturing journey, including operator, machine, date, and
quality parameters. This creates a comprehensive digital twin of the
product, enabling deep traceability for warranty, recall, or root cause
analysis.
Automated Production Lines: RFID can guide products through different
stations, ensuring they receive the correct treatments, inspections, or
assembly steps based on their unique identity.

ADVANTAGES IN FACTORY AUTOMATION:

Automated Data Capture: Eliminates manual scanning, reducing labor
and human error.
Real-Time Visibility: Provides up-to-the-minute information on asset
location and status.
Bulk Reading: Can read hundreds of tags simultaneously, drastically
speeding up inventory and tracking.
No Line-of-Sight: Tags can be read even if obscured, inside containers,
or through packaging.
Durability: Many RFID tags are designed for harsh industrial
environments (high temperatures, chemicals, impact).
Read/Write Capability: Some RFID tags can have data added or updated
throughout the production process.

LIMITATIONS:

Higher Initial Cost: Tags, readers, and infrastructure are generally more
expensive than barcode or QR code systems.
Interference: Metals and liquids can interfere with RFID signals,
requiring careful system design.
Complexity: Implementation can be more complex, requiring specialized
expertise.

CASE STUDY EXAMPLES:

Automotive Industry (Digitized Supply Chain): A Stuttgart-based car
manufacturer is using RFID as a foundational technology for its "factory of
the future." They've replaced traditional barcodes with specially modified
RFID tags on load carriers and parts. This enables automated localization and
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identification along the entire supply and marketing chain, from incoming
goods to assembly line supply and even empty container tracking using
KanBan antennas.

Manufacturing Plants (Inventory & WIP): Manufacturers use RFID to gain
real-time visibility into inventory, work-in-progress, and asset movements.
This helps in maintaining accurate records, preventing stockouts, and
optimizing material flow. Studies show RFID can boost inventory accuracy to
98-99%, significantly reducing "out-of-stock" moments.

CONCLUSION: A SYNERGISTIC APPROACH

While each technology has its strengths, the most advanced factory
automation often involves a synergistic approach:

Barcodes: For simple, static identification where cost is paramount (e.g.,
initial raw material labeling, general consumables).
QR Codes: For linking physical assets to rich digital content, empowering
human operators with on-demand information for maintenance, quality
checks, and training.
RFID: For high-volume, real-time, automated tracking, particularly for
critical assets, WIP, and where line-of-sight scanning is impractical or too
slow. It's the backbone for truly intelligent and interconnected factory
environments (Industry 4.0).

By strategically deploying these identification technologies, factories can
achieve unprecedented levels of automation, data accuracy, efficiency, and
real-time decision-making, leading to significant cost savings, improved
quality, and increased productivity.
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