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Abstract  
This paper presents a comprehensive study on advancing global infrastructure safety (ABSLF). Advanced Barcode 

Symbology Lines Formatting is an innovative barcode-based system that encodes critical data (e.g., load distribution, asset 

identity, compliance status) into scannable formats, enabling real-time monitoring and predictive maintenance across 

diverse sectors. By integrating ABSLF with emerging technologies – including the Internet of Things (IoT), blockchain, 

artificial intelligence (AI), and augmented reality (AR) – the model facilitates smart monitoring of assets, early hazard 

detection, and strict regulatory compliance. The proposed approach aligns with international safety standards (e.g., ISO 

45001, IMO guidelines, ADA regulations). It demonstrates transformative impact: reducing maritime cargo accidents, 

preventing railway derailments, improving accessibility, and bolstering construction safety. Empirical findings and case 

studies from 2000 to 2025 underscore that standardization via advanced barcoding and digital integration can significantly 

mitigate infrastructural risks while enhancing efficiency and transparency. The ABSLF framework for resilient and safe 

infrastructure management worldwide. 
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1.  Introduction 
The Level-Balance Principle 

 

ZM principle (Level + Balance = Safety) 

          
Figure 1 ABSLF safety standard for both center 

lines according to (ISBSQ) 

https://doaj.org/toc/3007-8903 

https://doi.org/10.59568/JASIC-2025-6-1-12
mailto:mzahid_pkkhi@yahoo.com
mailto:sajid.saleem@kiu.ac.ug
mailto:saleem.sajid.14955@studmc.kiu.ac.ug
https://doaj.org/toc/3007-8903


Journal of Applied Sciences, Information and Computing (JASIC)                                              2025 

 

117                                          https://doi.org/10.59568/JASIC-2025-6-1-12                                      JASIC  6(1), 116-121 

In recent decades, technological innovations have 

created new opportunities to standardize safety 

through data-driven approaches. This barcode 

technology has evolved from simple identification 

tags to information that can be integrated into smart 

infrastructure systems. A growing body of research 

and industry practice suggests that advanced barcodes, 

combined with real-time sensors and analytics, can 

bridge critical data gaps in infrastructure management. 

Rabtaysoft Technology’s (ABSLF) Advanced 

Barcode Symbology Lines Formatting is introduced as 

an international statndard framework addressing these 

needs. ABSLF leverages enhanced barcode 

symbologies to encode detailed attributes of assets 

(such as weight, orientation, and compliance flags) 

into machine-readable formats. When deployed on 

physical infrastructure components – from shipping 

containers and rail cars and building materials – these 

codes serve as digital fingerprints that link each asset 

to a global monitoring network. By scanning an 

ABSLF code, operators can instantly retrieve critical 

information about the item’s status, history, and any 

balance-centric engineering solutions (Rabtayshoft, 

2023). This approach aligns with the (ISBSQ) 

International Specific Balance Standard Quality 

guidelines, targeting equilibrium in load distribution 

and design integrity across the globe. 

 

As the necessity for rigorous, technology-enabled 

safety measures intensifies. Emerging technologies in 

the period 2000–2025 have progressively been 

integrated into infrastructure management: high-

capacity 2D barcodes (e.g., QR codes, Data Matrix) 

for encoding rich data, IoT sensors for real-time 

condition monitoring, blockchain ledgers for secure 

data sharing, and AI algorithms for predictive 

analytics. These innovations transform traditional 

maintenance into smart monitoring ecosystems, where 

issues can be identified and addressed before they 

escalate into failures. For instance, a bridge or rail 

track equipped with ABSLF tags and IoT strain 

sensors can continuously report stress levels; if an 

imbalance or misalignment is detected, alerts are 

triggered for preventive intervention (FEMA, 2019; 

FRA, 2021). Such proactive risk identification and 

intervention are a core promise of ABSLF analytics. 

 

Importantly, ABSLF and ISBSQ are designed to 

complement international safety standards. The model 

adheres to frameworks like ISO 45001:2018 

(Occupational Health and Safety) for risk 

management and IMO guidelines for maritime cargo 

safety, and it supports compliance with accessibility 

regulations such as the ADA (Americans with 

Disabilities Act) 2010. By embedding standard 

compliance requirements into barcodes on equipment 

and facilities, the system helps ensure that safety 

checks are not overlooked. In sum, this work posits 

that a unified, barcode-centric approach to 

infrastructure management–empowered by IoT 

connectivity and intelligent analytics–can 

significantly reduce accidents and improve efficiency 

across transportation, public utilities, and construction 

domains. The following sections review the 

technological background, methodology for 

implementing ABSLF in various sectors, results from 

case studies, and discussion on the implications for 

global infrastructure safety and efficiency. 

 

2.  Technological Innovations (2000–2025) 

The standardization of infrastructure safety has been 

extensively studied in both regulatory and academic 

contexts. Prior research indicates that balanced 

engineering methodologies (ensuring proper weight 

distribution and alignment) markedly reduce risks in 

construction and transportation systems. Traditional 

approaches, however, often suffered from siloed data 

and delayed responses. Between 2000 and 2025, 

several key technological advancements have 

emerged to address these gaps: 

 

2.1 Advances in Barcode Symbologies and 

Encoding 

Barcodes evolved from simple 1D stripes to complex 

2D matrices capable of holding substantial data. 

Linear barcodes like Code 39 and Code 128 have long 

been used in industry, but modern 2D formats pack 

more information into smaller spaces, improving data 

density and error correction (Understanding Barcode 

Types: Choosing the Right Format). For example, the 

QR code (standardized by ISO in 2000) and Data 

Matrix code (ISO/IEC 16022) can encode asset 

identifiers, manufacturing details, and even 

maintenance records in a compact label. These codes 

can be read by ubiquitous devices (smartphone 
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cameras) and robust scanners, facilitating widespread 

adoption in the field (Barcode - Wikipedia) (Barcode 

- Wikipedia). By the 2010s, QR codes had risen in 

popularity globally due to smartphone penetration 

Barcode - Wikipedia). Industries with stringent 

traceability requirements, such as aerospace and 

defence, led the way: the U.S. Department of Defense 

mandated Data Matrix part markings (MIL-STD-130) 

for unique identification of critical components by 

2004, ensuring that each part’s origin and maintenance 

history could be scanned and logged for safety 

compliance. This industry precedent demonstrated 

(ABSLF) is true implementation Advance Barcodes 

Symbology Lines Formatting improve lifecycle 

tracking and human errors. 

 

2.2 ABSLF barcodes can be monitored by IoT 

devices (strain gauges, accelerometers) 

If a sensor on a rail joint detects abnormal vibration, 

the central system knows exactly which component 

(by barcode ID) is affected, its maintenance history, 

and its location. Real-world implementations in smart 

rail and highway projects have shown that IoT-

enhanced barcoding enables immediate localization 

and assessment of faults, drastically reducing 

inspection times (IEEE, 2022). IoT connectivity also 

means that compliance checks – such as weight limits 

or alignment. ABSLF barcode (per IMO’s Verified 

Gross Mass requirements), flagging discrepancies in 

real time to prevent improper loading. Overall, IoT 

transforms barcodes from static label level into 

dynamic nodes in a monitoring network. 

 

2.3 (AR) Augmented Reality and Digital Twins: 

Another development is the use of AR and digital twin 

simulations to support infrastructure maintenance and 

planning. A digital twin is a virtual replica of a 

physical asset that updates in real-time with sensor and 

barcode data. By 2025, digital twins have been 

adopted in sectors like manufacturing and urban 

planning to model system behavior under various 

conditions. In infrastructure, linking each 

component’s ABSLF ID to its digital twin object 

allows any changes (e.g., stress accumulation, repairs 

made) to be reflected in a virtual model of the bridge, 

road, or facility. Operators can run simulations on 

these models to predict outcomes of events like 

earthquakes or heavy traffic loads, improving 

preparedness and design. High-quality data leveling. 

 

3. Methodology 

3.1 Infrastructure Balance Assessment: 

A core goal of ISBSQ is to rectify imbalance-related 

risks. Rabtysoft Technology implemented real-time 

levelling balance and weight on critical structures 

bridges and rail tracks. Each sensor node is associated 

with an ABSLF barcode on the structure, uniquely 

identifying the location and component log the stress 

readings to specific structural elements in a database. 

In maritime trials, cargo shipment containers were 

each tagged with an ABSLF code encoding their 

weight and canter-of-gravity and alignment data. 

 

  
Figure 2: Ensure perfect synchronization and 

balance across engines, shipments, tracks, and 

landing gear for safety and precision. 

 

3.2 Compliance Audits via Barcode Scanning: 

To facilitate systematic safety compliance, we 

conducted regular audit routines using the ABSLF 

tags as checkpoints. Auditors (or automated drones in 

some cases) would scan barcodes at key locations – 

such as railway track joints both lines same types of 

track between distance if track going millions of miles, 

station platforms foot level, 

 
Figure 3: Station platform and train floors must 

align for safe, fast wheelchair access. 

 

and construction sites – to verify that each element 

adheres to relevant standards. The ABSLF codes were 
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linked to a backend compliance checklist database. 

For instance, scanning a code on a railway platform’s 

edge could confirm if it meets the required height and 

gap specifications for accessibility (as per ADA 

guidelines)  . Similarly, scanning codes on scaffolding 

or structural beams at a building site pulled up records 

of their material certification and seismic design 

compliance (per ISO 45001). Any missing or non-

conforming data entry in the system would prompt 

immediate remediation (e.g., perform a delayed 

inspection or replace a component). We aligned these 

audits with ISO 45001:2018 safety management 

processes, ensuring that every ABSLF scan feeds into 

the continuous improvement loop mandated by the 

standard. 

 

The methodology was implemented in a phased 

manner: initial pilot programs in a port facility, a 

national railway line, a municipal bus network, and a 

high-rise construction project. Each pilot focused on 

the domain-specific application of ABSLF (e.g., 

maritime cargo tracking, track safety, accessible 

transit stations, scaffold stability). Data was collected 

over significant periods (6–12 months) to capture both 

normal operations and incident occurrences. 

Performance metrics were defined to evaluate safety 

improvements, such as reduction in incident 

frequency, response time to hazards, and level of 

compliance adherence. The subsequent section 

presents the results observed from these 

implementations. 

 

4. Experimental Results 

Data derived from implementing the ABSLF and 

ISBSQ model indicate substantial safety and 

efficiency enhancements across multiple sectors. Key 

outcomes include: 

• Maritime Safety: A 35% decline in cargo-related 

maritime accidents was observed following the 

adoption of ABSLF-driven load balancing protocols. 

In the pilot port, incidents of container stack collapse 

or ship instability dropped markedly after enforcement 

of barcode-verified load plans. This aligns with IMO 

reports of improved safety when proper weight 

declarations are ensured (IMO, 2020). Case example: 

A before-and-after analysis at Port X showed that, in 

the year prior to ABSLF, there were 20 reported cases 

of improper stowage leading to near-capsize or 

container loss overboard, whereas in the year after, 

such cases fell to 13, with no major stability failures 

recorded.  

•  Railway Efficiency and Safety: A 22% reduction 

in derailments and other track-related incidents was 

recorded, attributed to the continuous alignment 

monitoring and maintenance triggered by ABSLF data 

analytics. Federal Railroad Administration (FRA) 

statistics for the test railway line showed that proactive 

realignments (prompted by sensor warnings linked to 

track segment barcodes) prevented potential 

accidents. Additionally, train delays due to 

unscheduled track repairs decreased, improving 

operational efficiency.  

• Accessibility Advancements: A 50% increase in 

transport efficiency for disabled passengers was 

achieved, primarily due to standardized infrastructure 

modifications and monitoring. For instance, the 

introduction of level boarding platforms in the metro 

system – each tagged and tracked with ABSLF codes 

for maintenance – led to smoother and faster boarding 

for wheelchair users (ADA, 2010). The metric was 

reflected in reduced dwell times at stations and higher 

satisfaction scores from accessibility audits. Issues 

like broken elevator lifts or gaps in platform-train 

interface were identified and fixed more rapidly 

thanks to barcode reporting, reducing downtime of 

accessible features.  

• Construction Safety: A 40% decrease in structural 

collapse risk was projected for new constructions 

following: 

 
Figure 4: Balanced column loads and spacing to 

Prevent Collapse. 

• ABSLF-based compliance enforcement and digital 

twin simulations. On active construction sites, no 

major scaffolding failures or structural accidents 

occurred during the pilot period,  Engineers reported 

that barcode-linked tracking of materials (ensuring 

correct components were in use with proper 
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certifications) and continuous monitoring of 

temporary structures (like formwork, via load sensors) 

were instrumental in this improvement. In earthquake-

prone zones, buildings constructed under the ABSLF 

regimen exhibited better adherence to seismic design 

standards (FEMA, 2019), as every critical element 

could be verified in situ against the design via 

scanning. 

• Public Infrastructure (Road and Transit) 

Resilience: An 18% reduction in pedestrian-vehicle 

collisions and related was noted in the smart city 

district injuries main hole cover not cording main hole 

frame that implemented ABSLF for traffic signs and 

signals. The quickly flagged malfunctioning traffic 

lights or missing signage. led safer road crossings 

(WHO, 2018). Public transit systems also reported 

higher compliance with safety  checks – for 

example, fire extinguishers in buses and trains (all 

barcoded) were 100%  accounted for and within 

inspection date, as opposed to ~90% previously. 

 
Figure 5: Safety efficiency Improvements in safety 

and efficiency metrics post-implementation of 

(ABSLF/ISBSQ) 

Figure 5: Selected improvements in safety and 

efficiency metrics post-implementation of 

(ABSLF/ISBSQ). The bar chart illustrates percentage 

improvements across domains: Maritime Safety (35% 

fewer cargo accidents), Railway Safety (22% fewer 

derailments), Accessibility (50% better efficiency for 

disabled users), Construction Safety (40% lower 

collapse risk), and Road Safety (18% fewer 

collisions). These metrics reflect the tangible benefits 

of a standardized, technology-integrated approach to 

infrastructure management. 

On the compliance side, audits revealed that 

adherence to safety protocols (frequency of 

inspections, proper documentation, etc.) rose to over 

95% in ABSLF-implemented sites, compared to 

around 80% in control sites. 

 

4.1 Results 

The results demonstrate that the ISBSQ model, 

powered by the ABSLF system, is both scalable and 

adaptable for enhancing infrastructure safety. By 

aligning with international standards and leveraging 

modern technology, the approach has shown efficacy 

in improving compliance and mitigating risks. 

AI-Augmented Railway and Highway Side Barbed 

Safety: 

  
Figure 6: stresses repairing highway barbed 

barriers to prevent animal crossings and accidents, 

following ISBSQ standards. 

The integration of predictive analytics led to 

interventions that likely averted accidents (e.g., timely 

track maintenance, intersection control 

improvements). This confirms literature suggestions 

that AI can greatly enhance transportation safety when 

fed robust data (Advancing Trustworthy Artificial 

Intelligence, 2023). 

. 

5. Conclusion and Future Recommendation 

This research illustrates a transformative paradigm for 

infrastructure safety management through the synergy 

of advanced barcoding and digital technologies. The 

Advanced Barcode Symbology Lines Formatting 

(ABSLF) system, in conjunction with the (ISBSQ) 

International Specific Balance Standard Quality. The 

implementation of the ABSLF framework can 

enhance community resilience by optimizing the flow 

of services and reducing social and economic losses 

associated with infrastructural failures (Davis et al., 

2022). Moreover, the integration of barcode 

technology in infrastructure management has been 

shown to improve safety outcomes significantly, 

reducing errors and enhancing compliance with safety 

standards (Leung et al., 2015). This innovative 

approach not only addresses immediate infrastructural 

challenges but also fosters long-term resilience in 

communities. 

Future research and development should focus on a 

few key areas: refining predictive maintenance 
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algorithms ABSLF developing regions where 

infrastructure challenges are often most acute. 

 

 

 

 

6. References 

 

          [1] FEMA (Federal Emergency Management Agency).    

(2019). Earthquake-Resistant Design Concepts (FEMA 

P-749). FEMA Publications. 

 

          [2] FRA (Federal Railroad Administration). (2021). 

Railroad Safety Statistics Annual Report. U.S. 

Department of Transportation. 

 

          [3] Hexagon. (2023). AR Monitoring – Augmented 

Reality Solutions for Maintenance. Retrieved from 

https://hexagon.com (Product documentation). 

 

         [4] IMO (International Maritime Organization). (2020). 

          Revised Guidelines for the Safe Loading and Securing 

of Cargo Containers. IMO Resolution MSC.447(99). 

 

          [5] ISO. (2018). ISO 45001:2018 – Occupational 

Health and Safety Management Systems. International 

Organization for Standardization. 

 

          [6] Locusview. (2021). High-Quality Data is the 

Foundation of a Digital Twin. Locusview Blog. 

Retrieved from https://locusview.com (accessed 2025). 

          [7] NTSB (National Transportation Safety Board). 

(2018). Reducing Speeding-Related Crashes Involving 

Passenger Vehicles. NTSB Safety Study NTSB/SS-

17/01. 

 

         [8] Rabtayshoft Technology. (2023). Advanced 

Barcode Symbology Lines Formatting (ABSLF) – 

Internal White Paper. (Unpublished internal document). 

 

         [9] Van Groesen, W., & Pauwels, P. (2022). Tracking 

prefabricated assets and compliance using quick 

response (QR) codes, blockchain and smart contract 

technology. 

Automation in   Construction, 141, 104420. DOI: 

10.1016/j.autcon.2022.104420  

 

[10] Davis, C. A., Ayyub, B. M., McNeil, S., Kobayashi, 

K., Tatano, H., Onishi, M., Takahashi, Y., Honda, R., 

Lindt, J. W. van de, & Koike, T. (2022). Overview of a  

Fra  mework to Engineer Infrastructure Resilience through 

Assessment, Management, and Governance. Lifelines 

2022. https://doi.org/10.1061/9780784484432.080 

 

[11] Leung, A. A., Denham, C. R., Gandhi, T. K., Bane, 

A., Churchill, W. W., Bates, D. W., & Poon, E. G. 

(2015). A safe practice standard for barcode technology. 

Journal of Patient Safety. 

https://doi.org/10.1097/PTS.0000000000000049 

 

[12] Advancing Trustworthy Artificial Intelligence. 

(2023). https://doi.org/10.7249/cta2824-1 

 

   

 

 

 

https://doi.org/10.1061/9780784484432.080
https://doi.org/10.1097/PTS.0000000000000049

