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1. ABSTRACT

Efficient baggage handling systems (BHS)
are essential for modern airport operations,
directly affecting passenger satisfaction and
operational performance. This study presents a
comparative analysis of BHS at Indira Gandhi
International Airport (DEL) and Singapore
Changi Airport (SIN), focusing on data
collection technologies, automation
infrastructure, and operational efficiency. A
mixed-method  approach is  employed,
combining quantitative performance data with
qualitative system evaluation.

The analysis of 2025 operational data indicates
that DEL operates a semi-automated system
utilizing barcode scanning (70%) and limited
RFID integration (30%), whereas SIN employs
a fully automated system incorporating RFID
(50%), automation technologies (40%), and
barcode  systems  (10%). Performance
comparison shows that SIN achieves a lower
baggage mishandling rate of 2.5 per 1000
passengers and faster delivery times of 15-20
minutes, while DEL records 5.1 mishandled
bags per 1000 passengers with delivery times of
20-30 minutes.

The results highlight that higher levels of
automation, advanced tracking technologies,
and integrated system design significantly
improve operational efficiency. This study

identifies key technological gaps in DEL’s
system and proposes targeted recommendations

to enhance performance and align with
international standards.

Keywords - Baggage Handling System
(BHS), RFID Technology, Airport Automation,
Operational Efficiency, Aviation Management,
Comparative Analysis

2. INTRODUCTION

The global aviation industry has
experienced significant growth over the past
decade, driven by increasing passenger demand,
globalization, and the expansion of airline
networks. This growth has placed substantial
pressure on airport infrastructure and
operational systems, particularly in high-traffic
international hubs. Among these systems,
baggage handling systems (BHS) play a critical
role in ensuring seamless passenger flow and
maintaining service quality.

Baggage handling represents a vital operational
component in modern airport management,
directly influencing passenger satisfaction,
operational efficiency, and cost control.
Airports process millions of bags annually, and
system inefficiencies can result in delays,
mishandled baggage, and financial losses. For
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instance, Indira Gandhi International Airport
(DEL), handling approximately 79.26 million
passengers annually, ranks among the busiest
airports in Asia. In comparison, Singapore
Changi Airport (SIN), serving around 69.98
million passengers, is globally recognized for
its operational excellence and advanced
technological integration.

A baggage handling system is a complex and
integrated framework responsible for the
transportation, sorting, screening, and delivery
of passenger luggage within an airport.
Inefficiencies in these systems can lead to
increased turnaround times, higher operational
costs, and reduced passenger satisfaction.
Consequently, optimizing BHS performance
has become a strategic priority for airport
authorities worldwide.

This study presents a comparative analysis of
baggage handling systems at DEL and SIN,
focusing on key operational parameters such as
baggage mishandling rates, delivery times, and
the adoption of advanced technologies. It
further examines how variations in automation
levels, data collection methods, and system
design influence overall efficiency.

By identifying performance gaps and analyzing
best practices, this research aims to provide
actionable recommendations for improving
baggage handling operations, particularly in
emerging aviation markets. The findings are
intended to support airport authorities,
policymakers, and aviation professionals in
enhancing  operational performance and
passenger experience.

3. LITERATURE REVIEW

Recent advancements in airport baggage
handling systems have focused on improving
efficiency, accuracy, and passenger satisfaction
through the integration of modern technologies

such as RFID, IoT, artificial intelligence, and
automation.

Thongves and Bunmak developed an RFID-
based baggage management system and
demonstrated that RFID technology
significantly improves tracking accuracy and
enables real-time monitoring of baggage.
Similarly, Baskoro et al. conducted a case-
based analysis of RFID implementation in
airports and concluded that RFID reduces
baggage mishandling, particularly in high-
volume environments.

Alagiah and Joseph proposed a blockchain-
based baggage tracking system integrated with
RFID and IoT, highlighting enhanced
transparency, improved security, and reduced
risk of baggage theft. In a related study,
Baashirah and Elleithy designed an loT-based
smart baggage system that minimizes
congestion and improves passenger flow
through automation.

Saygin and Natarajan evaluated RFID
applications in logistics systems and found that
RFID enhances identification accuracy and
accelerates baggage processing. Mishra and
Mishra compared RFID and barcode systems,
concluding that RFID offers superior tracking
capabilities and higher reliability.

Industry reports from the International Air
Transport Association (IATA) emphasize that
advanced  tracking technologies have
significantly =~ reduced  global  baggage
mishandling rates. However, DeVries noted
that high implementation costs remain a major
challenge for widespread RFID adoption
despite its long-term benefits.

Regulatory frameworks such as those from
the International Civil Aviation Organization
(ICAO) ensure standardized and secure
baggage screening processes, contributing to
global aviation safety. Additionally, Zhang and
Zhang explored the application of artificial
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intelligence in baggage systems, demonstrating loading), mishandling rates
that predictive analytics can effectively forecast (lost/delayed/damaged per 1000 PAX), system
congestion and optimize baggage flow. capacity (bags/hour), technology integration

level, and passenger satisfaction metrics. Data
collection timeframe: 12 months (January

Lee et al. 1 tigated the role of robotics i
ee et al. investigated the role of robotics in 2024-December 2025).

baggage handling and found that automation
reduces human error and increases operational
speed. Gupta and Sharma analyzed baggage

. . . . R h Ph Methodol & Data S
handling systems in Indian airports and — —
identified  infrastructure  limitations ~ and LSRR D el e
operational inefficiencies, especially during 2. Research Design Comparative case study
peak traffic conditions. framework
3. Data Collection 4S5 interviews; 180 flight
(DEL) observations; operational
Furthermore, Graham and Ashford et al. records
emphasized that proper airport planning, system 4. Data Collection Airport annual reports.; IATA
. . . . .. (SIN) data; case study analysis
integration, and infrastructure design are critical
for improving baggage handling efficiency and S. Analysis & KPI evaluation; gap analysis;
. . Comparison thematic coding
overall airport  performance. Doganis - -
) . . . . . 6. Recommendations Evidence-based
highlighted that inefficiencies in baggage implementation roadmap
handling increase operational costs and
negatively impact airline profitability. Table I: OVERVIEW OF RESEARCH PHASE —

METHODOLOGY AND DATA SOURCES.

Overall, the literature indicates that
automation, real-time tracking, and system
integration are key drivers of efficient baggage 5. BAGGAGE HANDLING

handling systems. However, gaps remain in INFRASTRUCTURE

comparat1v§ studies bgtween .developlng and A. Delhi Airport (DEL) - Semi-
advanced airports, particularly in the context of

technology adoption and operational Automated System

performance Terminal 3's baggage handling
system integrates conveyor networks
spanning 4.2 km with 156 induction points.
The barcode-based scanning architecture
4. RESEARCH METHODOLOGY processes 6,500 bags/hour at peak capacity.
Baggage enters through 48 check-in counters
equipped with automated tag readers, routes
through  three-stage  sorting  (primary,
secondary, tertiary), and undergoes explosive
detection screening via inline EDS units (CT-

This research employs a mixed-method
comparative case study design integrating
qualitative and quantitative approaches. DEL
data  collection utilized semi-structured

interviews with 45 airport personnel (ground based imaging).

handlers,  supervisors,  engineers)  and Limited RFID implementation exists in
operational observations across 180 flight T3's international departure areas (32
cycles. SIN analysis comprised secondary data zones), providing real-time tracking for
from  airport  annual reports, IATA approximately 30% of baggage. Manual
benchmarking data, and published case studies loading by ground handlers onto trolleys
covering Terminal 4 RFID implementation. represents the final stage—a labor-
Operational parameters evaluated include: intensive process susceptible to errors
baggage handling time (check-in to aircraft during peak periods.
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B. Singapore Changi Airport (SIN) -
Fully Automated System

Terminal 4 (2017 implementation)

exemplifies SIN's automation paradigm. The
system deploys airport-wide RFID tagging
covering all 89 induction points, achieving
99.2% real-time tracking accuracy. Robotic
baggage handling systems manage sorting and
transport in selected zones, reducing manual
intervention. Automated storage facilities hold
2,400 bags pending aircraft loading. High-
speed sorters process 9,200 bags/hour, directly
routing to aircraft loading bays via automated
conveyor bridges.
Integration with passenger processing systems
enables 95% baggage reconciliation accuracy.
The system's architecture eliminates final
manual  handling, achieving end-to-end
automation.

6.KEY FINDINGS AND ANALYSIS
A. Technology Adoption Gap

Data reveals a 49.2% efficiency
differential between airports. SIN's complete
RFID implementation eliminates barcode
scanning failures (0.3% failure rate vs. DEL's
2.1%), reducing mishandling by 51%.
Interview data from DEL ground handlers
identified barcode scanning failures during
high-traffic periods as primary bottleneck
(reported by 38/45 staff). SIN's robotic sorting
achieves 99.7% routing accuracy versus DEL's
96.3% with manual intervention.

B. Labor and Operational Efficiency
DEL requires 340 ground handling
staff for baggage operations (1 per 232,706
annual passengers). SIN operates with 180
personnel (1 per 388,778 passengers)—47%
greater labor efficiency. Automated systems at
SIN reduce peak-period congestion through
predictive load balancing, while DEL
experiences 18-minute delays during morning
international flight waves (6:00-9:00 AM) when
manual loading reaches capacity constraints.

C. Passenger Satisfaction Impact

Passenger surveys (n=285 at DEL, n=312 at
SIN) reveal satisfaction disparity. SIN
passengers report 89% satisfaction with
baggage handling; DEL reports 72%
satisfaction (17-point gap). SIN's real-time
mobile tracking capability correlates with
lower anxiety and higher recommendation
likelihood (NPS: SIN +68 vs. DEL +42).
Mishandling incidents at DEL trigger 34%
passenger complaints; SIN reports 12%
complaint rate among affected passengers.

Performance Metric DEL (2025) SIN (2025)
Mishandling Rate 5.1/1000 pax 2.5/1000 pax
Delivery Time 20-30 min 15-20 min
Automation % Semi (55%) Full (95%)

RFID Coverage Partial (30%) Complete (100%)

Table II ; COMPARATIVE PERFORMANCE ANALYSIS

7. STRATEGIC
RECOMMENDATIONS

A. Delhi Airport Priority Interventions
(2025-2027)

Complete RFID Implementation:

Expand RFID coverage from 30% to
100% across all terminals within 18 months.
Investment: USD 8.2M. Expected outcome:
42% mishandling reduction; 8-minute delivery
time improvement.

Automated Inter-Terminal Transfer:

Install automated baggage transfer
systems between terminals. Investment: USD
12.5M. Reduces transfer-related mishandling by
65%.

Al-Driven Predictive Analytics:

Deploy real-time baggage flow
prediction system. Investment: USD 2.1M.
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Enables dynamic load balancing, reducing peak
congestion by 35%.

Robotic Sorting Integration:

Implement robotic baggage handlers
in sorting zones. Investment: USD 6.8M.
Improves routing accuracy to 99.5%; reduces
labor dependency by 28%.

B . Singapore Changi Continuous
Excellence

Autonomous System Expansion:

Extend autonomous baggage systems
across all terminals; target 100% automation by
2028.

Cybersecurity Hardening:

Implement multi-layer cybersecurity
protocols for baggage IT infrastructure to
prevent operational

Sustainability Integration:

Transition to 100% renewable energy-
powered baggage systems by 2030; establish

carbon-neutral operations baseline.

8.CONCLUSION

This comparative study demonstrates that
advanced data collection systems and full
automation drive superior baggage handling
performance. Singapore Changi Airport's
99.2% RFID accuracy and 100% automation
coverage enable 51% lower mishandling rates
and 25% faster delivery compared to Delhi
Airport's semi-automated approach. The 17-
point passenger satisfaction gap (89% vs. 72%)
underscores customer experience implications
of technology investment choices. Delhi's
identified gaps—30% RFID coverage, 55%
automation, barcode scanning inefficiencies—
represent addressable deficiencies amenable to
systematic improvement.

Implementation of the proposed USD 29.6M
investment roadmap would enable Delhi
Airport to achieve international standards
within 24 months, reducing mishandling rates
by 42% and improving delivery times by 8
minutes. These improvements directly
translate to cost savings (reduced claims,
improved airline partnerships) and revenue
enhancement (higher passenger satisfaction,
increased connecting traffic). The research
confirms  that  systematic  technology
adoption, when informed by comparative
benchmarking and evidence-based planning,
enables developing-world airports to achieve
first-world operational outcomes.
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